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THE MANUFACTURE OF GUNPOWDER. 
By James A. C, Hay, 
Memb. Inst. M.E. and Assoc. Inst. C.E., &c. 


THERE are now many known chemical explosive 
compounds, some of them being of a detonating 
character, such as fulminate of mercury, fulminate of 
silver, &c. ; while others are nitro-compounds, such 
as nitro-glycerine, dynamite, lithofracteur, mata- 
ziette, tonite, sawdust-gunpowder, cotton-powder, 
and gun-cotton. All of these have been used in a 
greater or less degree for various purposes, but the 
compound of the greatest antiquity, and which is 
still almost exclusively used for military and sport- 
ing purposes, and to no inconsiderable extent in 
mining and quarrying operations, is gunpowder. 
To a general and brief description of the most mo- 
dern machinery and appliances someores in manu- 
facturing this latter compound the following re- 
marks will be confined. 

Gunpowder is a mixture of 75 parts of saltpetre, 
10 of sulphur, and 15 of charcoal ; these propor- 
tions, when mechanically combined (for they are 
not chemically united), are- found to give very 
‘ excellent results; they are, however, somewhat 
varied by different manufacturers both in England 
and other countries. But the value and uniform 
strength of gunpowder as an explosive, more espe- 
cially for military purposes, depends entirely upon 
the quality, purity, and preparation of these several 
ingredients ; and before proceeding to describe the 
machinery and appliances employed in the manu- 
facture of gunpowder, a few remarks upon each of 
the ingredients may not be out of place. 


PREPARING AND REFINING THE INGREDIENTS, 

Saltpetre.—The saltpetre, or nitre, which is used 
in the manufacture of gunpowder, and is the prin- 
cipal ingredient therein, is a natural production 
found in various parts of the world, but chiefly in 
the East Indies, Ceylon, and in Asia Minor. In the 
condition, however, in which it is imported it 
always contains a large quantity of earthy matter 
and other impurities, such as chloride of sodium, 
magnesia, and other salts, that have to be eliminated 
before the saltpetre is fit to be used in making gun- 
powder. Efflorescent salts also are sometimes pre- 
sent, but the quantity being small, they are com- 
paratively innoxious and do not weaken the 

wder, but only slightly impede the rapidity of 

eflagration. 

The refining of the saltpetre, therefore, is for the 
purpose of removing the before-named impurities 
and all earthy matters which may be present, and is 
effected by boiling and skimming the grough or 
impure saltpetre in large open boilers, and after- 
wards drawing off the liquor and straining it 
through canvas bags.. The modus operandi is as 
follows: About 40 cwts, of saltpetre in its crude 
state are put into an open copper boiler capable of 
containing 500 gallons, about 270 gallons of water 
are added to this, or about .66 of water to 1 of salt- 
petre, and these are allowed to stand all night ; in 
the morning a fire is lighted under the boiler, and 
in about two hours afterwards they will be found to 
have reached a temperature of 300 deg. Fahr., and 
will be boiling freely. ; 

_ During ebullition, and by constant stirring, the 
light matter—containing many impurities—rises 
to the surface, and is skimmed off ; when the scum 
ceases to rise, cold water is freely dashed on the 
surface of the boiling liquid to precipitate the 
chlorides that would otherwise be retained on 
the surface by the ebullition. After boiling until 


| the solution of the nitrous salts is effected, the fire 
is allowed to go out ; when all ebullition has ceased, 
the foul salts and chlorides—being the heaviest— 
are precipitated, and, as the boiler is provided with 
a false bottom perforated with holes, the foul salts 
‘and other impurities pass through the perforations 
and remain at the real bottom of the boiler. 

In about an hour after the fire has been extin- 
genet, the temperature of the solution will have 
allen to about 220 deg. Fahr., or sufficiently to 
allow of a syphon being introduced, the end of 
which is kept about 1 in. from the false bottom of the 
boiler, so as not to disturb the foul salts. The liquor 
is now drawn off by means of this syphon into a 
filter or trough, the bottom of which is fitted with 
four or five gun-metal taps, communicating with 
suspended Dowlas canvas filtering , of the shape 
of an inverted cone. If crystals form on these 
filtering bags, and prevent the liquor from ing 
freely through, hot water is poured over them to 
keep the canvas open, a constant supply of hot 
water for the purpose being obtained from a vessel 
provided with a flexible pipe, having a finely- 
pierced rose head, the whole being fixed in close 
proximity to the filtering trough, ready for use 
whenever required. When all the liquor has ; 
through the filtering bags, it is run into a ow 
trough or cooler, which is about 12ft. long by 
6 ft. wide by 1 ft. deep, and is lined with sheet 
copper and placed by the side of a washing vat. 

he liquor in the cooler is now agitated by a 
wooden rake until the temperature is reduced to 
about 180 deg. Fahr., at which temperature the 
mother-water separates from the saltpetre held in 
solution; when it falls below 180 deg., a large 
number of very minute crystals are formed, and 
these are collected and thrown on to a wire-cloth 
drainer, fixed at an angle immediately above the 
cooler, so that the strainings or liquor may run 
back again into the cooler; and the saltpetre, when 
sufficiently drained, is raked into the washing vat, 
which also is furnished with a false bottom, covered 
with fine copper wire-cloth. 

When the whole charge is in the washing vat, it 
receives three washings; in the first and second, 
pure water is freely sprinkled over the saltpetre from 
a rose-ended pipe, and after being allowed to stand 
for about fifteen minutes, the liquor—being very 
rich in mother-water and saltpetre—is run off into 
crystallising pans by means of a tap at the bottom 
of the washing vat. In the third washing, the vat 
is entirely filled with cold water, and the liquor, 
after standing for about half an hour, is drawn off 
in the same manner; but as it now only contains a 
small quantity of saltpetre, it is not run into the 
crystallising pans, but is collected in an underground 
tank for future use. 

The saltpetre obtained by the above process is 
almost perfectly pure, and has the appearance of 
snow. Itis now placed in stone bins, perforated 
with small holes in the ends and sides, where it is 
allowed to drain, When placed in these bins the 
saltpetre contains from 7 to 12 per cent. of water, 
but during the time it remains in them about 
6 or 7 per cent. is drained off. It is now fit for 
making gunpowder if used immediately, but if a 
supply be required for storage or transport, it is 
better to evaporate the remaining water, and this is 
done by drying it in a hot chamber in the following 
manner : 

The saltpetre is spread out about 2in. thick on 
shallow trays made of sheet , and placed on 
|racks in the hot chamber, which is heated up to 
| about 260 deg. Fabr. by means of a flue underneath 














the floor. The saltpetre, while in the hot chamber, 
is stifred once or twice, and it is found that from 
four to six hours is sufficient to evaporate the re- 
maining moisture. It.is now taken out of the hot 
chamber and emptied into shallow trays, where it is 
allowed to cool, it is then put into barrels and sent 
into store. 

By the above process about three-fourths of the 
saltpetre is crystallised, the remaining portion being. 
held in solution by the mother-water that remains 
in the large cooler. When this has cooled down to 
within 7 deg. or 8 deg. of the temperature of the atmo- 
sphere, large cry are formed, and adhere to the 
sides and bottom of the cooler, these are collected 
and put with the grough into the next charge of 
the boiler ; all the mother-liquor is also collected in 
the underground tank, whence it is ponene into: 
another boiler, where it is evaporated to a fourth of 
its original quantity ; it is then drawn off by means 
of a syphon, through filtering and col- 
lected in a receiver, whence it is run off into copper 
pans holding about thirty-six gallons each, and 
there allowed to crystallise. Though the crystals 
obtained in this manner are pure, still they contain 
cavities wherein the mother-water is enclosed, and 
it is found that the simplest and best plan is to use 
them in the next charge as grough, 

Over the foul salts and impurities left in the 
bottom of the evaporating pan hot water is poured, 
and the whole well stirred in order to extract any 
saltpetre that may remain; after being allowed to 
settle for a short time, this solution is ~ drawn off 
and passed through the filtering bags, previous to 
its being run into the crystallising pans before men- 
tioned, Should the filtering bags become clogged 
or full of impurities, they are removed and p 
in larger bags hung in a cleaning apparatus, where 
they, together with the bags in which the saltpetre 
is imported, are well washed by having hot water 
run through them, and this water—containing a 
small percentage of nitre—is also collected in the 
mother-liquor tank. The bag cleanser is also used 
for washing the skimmings and foreign salts, &c., 
taken from the copper boiler; the residue from 
this is a sold for manure, together with the 
réfuse from the as pans, ’ 

The water from the various washings and drain- 
ings is all conveyed by gutters under the floor to 
the underground tank, whence it is pumped into the 
copper boiler as required, and used instead of pure 
water in the next , and as it contains a small 
percentage of saltpetre, a less quantity of grough is 
— to give the requisite proportions. 

‘o test saltpetre, dissolve a small quantity in a 
test tube or phial with distilled water, add a few 
drops each of nitric acid and nitrate of silver. If 
the solution remains clear, the saltpetre is pure ; 
but if a milkiness appears, it indicates eee 
as chloride, and this is generally the ide.of 

um, ! 

Sulphur.—Sulphur, like saltpetre, is never found in 
& pure condition, but is mixed with earths, and often 
combined with various salts, It is usually found in 
the vicinity of volcanoes, and large quantities are im- 
ported from Sicily. It is often found mixed with 
metallic ores, such as copper, iron, &e., but not to 
such an extent as would commercially justify its 
“pulser lo. mubcdeeaik der in ‘its 

hur is unfit for ing gunpow in « 
entdaiente: therefore it requires to be refined or 
separated from all foreign matter. This is done by 
a process of melting, and is completed in two dis- 
tinct operations, namely, those of subliming and 
distilling. 
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By the melting prem, all earthy matters are 
left at the bottom of the retort or vessel in which 
the melting is carried on, and the pure sulphur, in 
the form of vapour, passes upwards, 3nd is sublimed 
and distilled by condensation at two distinct periods 
of its temperature. 

For the melting process, a thick and large round 
cast-iron melting pot or retort is used, built in 
brickwork with a furnace underneath it. This re- 
tort is fitted with a movable lid, the joint of which 
is made air-tight by means of clay; this lid is 
sufficiently large to admit of a man cleaning out the 
residue in the pot, and this he does about once a 
week, In this lid is fitted a4.in. plug, considerably 
tapered, so that it can be easily removed for the 
purpose of charging the retort with sulphur. From 
near the top of the retort two pipes branch off at 
right angles to each other, each being fitted with 
a sluice valve at the end nearest the retort ; one of 
these is the subliming pipe, which is from 12in. to 
14 in. in diameter, and rises at an elevation of 
35 deg. ; it is used for conducting the vapour from 
the retort to the subliming chamber, the latter 
being situated at a distance of about 15 ft. from the 
retort. This chamber is 12 ft. in height by 10 ft. in 
diameter at the base ; it is dome-shaped, like a bee- 
hive, lined with flagstones, and the floor covered 
with sheet lead. It is also provided near the bottom 
with two doors, the inner one being of iron and the 
Outer one of wood, air-tight, and lined with sheet 
lead. ‘Tlirough the bottom of these doors there is 
fitted a small tube, terminating in a cistern of water, 
which takes up the sulphuric acid. The other pipe 
is from 7 in. to 8 in. in diameter and 8 ft. long: and 
is used for conv“ying the vapour away at a higher 
temperature than is required for subliming, this in- 
dlines downwards at an angle of 20 deg., delivering 
the vapour into the top of a receiving tank; these 
are each enclosed in an outer jacket, and cold water 
from an overhead cistern is made to circulate 
through them by means of the annular space, which 
is about ]4 in. in width. The water enters the 
bight at their lowest points, and passes off at their 

ighest, near the retort. 

© receiving tank is fitted with a movable lid, 
somewhat similarly arranged to that of the retort ; 
it has a plugged hole in the centre, through which 
a rod can be introduced for the purpose of gauging 
the contents of the tank. A small pipe is also fitte 
to the top of this tank, and conducts any non-con- 
densed vapour to a chamber wherein the ‘‘ flowers” 
are précipitated, and this chamber is occasionally 
cleaned out by means of a small door provided for 
the purpose, A discharge valve or tap is fixed to 
the Sottom of the receiving tank for drawing off 
the sulphur into tubs or moulds, 

When in operation, about 6} cwts. of crude 
sulphur are put into the retort, the sluice valve on 
the subliming pipe and the plug in the retort lid 
are left open, the sluice valve on the distilling pipe 
being closed, a slow fire is applied under the retort, 
and in from two to three hours the raw material is 
all melted down. 

When 170 deg. Fahr. is attained, evaporation 
commences; at about 200 deg. Fahr. melting begins ; 
at 239 deg. Fahr. the sulphur is perfectly fluid, and 
at 560 deg. Fahr. it ie ready to undergo distillation. 
So soon as the melting begins, a pale yellow vapour 
arises ; the plug is now inserted in the lid of the re- 
tort, and the ur into the dome of the 
subliming chamber near the top, and falls in a 
shower of very fine condensed particles, termed 
“ flowers of sulphur.” 

In a further period of frem two to three hours, 
and as the heat increases, the vapour in the retort 
becomes of a deep reddish-brown colour; when this 
is observed, the sluice valve on the subliming pipe is 
closed, and the one on the pipe leading to the dis- 
tilling tank is opened, The cold water—which is 
kept constantly circulating through the jacket of 
this pipe and also of the receiving tank—keeps them 
cool, and the vapour, as it rises from the retort and 
passes along the pipe, becomes coidensed, and runs 
into the tank below in a thick yellow fluid, 

When nearly all is distilled (and this can easily 
be ascertained by ing the of the liquid 
sulphur in the tank), the sluice valve on the dis- 
i is shut, and the fluid in the receiving 
tank is allowed to cool for an hour or two, at the 
end of which time it is run off by the valve or ladled 
into wooden tubs or moulds, and in these allowed 
to thoroughly cool and solidify. These wooden 
tubs or moulds should always be used wet, other- 
bs the sulphur, when it solidifies, will adhere to 

em. 





When quite cold, the refined sulphur is broken 
into lumps, and is ready for use in the manufacture 


of eeaeves. 

The vapour remaining in the retorts is now 
allowed to pass into the dome of the subliming 
chamber, until all is evaporated as ‘‘ flowers,” 
leaving nothing but the earthy matter behind in the 
retort, and this is afterwards cleaned out. 

These “flowers” of sulphur are unfit for making 
gunpowder, on account of the acid they contain, 
and unless required for firework purposes or com- 
positions, they are returned to the melting pot 
with:a fresh charge of crude sulphur. The crystal- 
line or distilled sulphur only is used in making gun- 
powder, and forms 10 per cent. of it by weight. 

To test sulphur, burn a small quantity on a piece 
of white porcelain, and, if fit for the manufacture 
of gunpowder, there should be scarcely any residue ; 
or if dissolved in boiled distilled water, blue litmus 
Paper, when dipped in it, should not be dis- 
coloured. 


Charcoal.—Chareoal is the fibre that remains 
after wood has been charred, and, as an ingredient 
in gunpowder, is next in importance to saltpetre, 
When: anything like uniformity in the quality of the 
gunpowder, is required, great care has to be ex- 
ercised-in its papegnee, for the chemical compo- 
sition of. charcoal—i.e,, the percentage of carbon 
contained, therein—will affect the quality of the 
gunpowder to a considerable degree ; therefore, ex- 
treme care has to, be exercised in charring the wood, 
seeing that gunpowder contains no less than 15 per 
uch he quality and 

uch depends upon the ity and condition of 
the wood pte sy and it ta found that if the sap 
be thoroughly dried up in the wood previous. to 
use, it greatly assists in securing a. first-class char- 
coal ; this end can be attained by desiccating newly. 
cut timber in a hot chamber for ten or twelve days, 
although it is questionable whether the, charcoal 
thus obtained is as good as that produced from wood 
that has been kept for a number of years to season 
by natural means. Small wood, perfectly clean, 
free from all bark, and quite dry, are the essential 
requisites for making good charcoal. , 

e kind of a | commonly used is that of the 
willow species—the common white Dutch willow, 
the poplar, and the alder are generally preferred ; 
other woods are, however, frequently used, and for 
a first-class strong powder, the black dog-wood is 
said to.be the best, but its great costliness prevents 
its being largeiy adopted. 

Burning the wood in retorts is the method usually 
employed for procuring a light and equal quality of 
charcoal for gunpowder; pit-burned charcoal, is how- 
ever, preferred for fuze and pyrotechnic composi- 
tions, &c., on account of certain qualities it possesses 
rendering it peculiarly adapted for such npapeeee. 
The method of burning in retorts is as follows: 
A number of retorts are set in brickwork at a 
suitable height from the oars floor, underneath a 
furnace is provided for heating them ; the under- 
sides of the retorts are protected from the direct and 
intense heat of the furnace by a firebrick lining, 
through openings in which, and by means of flues, 
the flame es completely round the retorts before 
reaching the chimney. 

The wood is preferred small, not exceeding eight 
or nine years’ growth ; the timber is obtained earl, 
in the fall of the year, and, after having its. bar 
entirely removed, is cut into lengths of about 3 ft., 
and then stacked for drying. When thoroughly 
dried and about to be used, it is put into a sheet-iron 
cylinder or “‘ skip,” having a movable lid or door at 
one end; this cylinder, when filled, is placed hori- 
zontally on the rollers of an iron i corre- 
sponding in height with the door of the retort; 
this carriage is then run forward to the mouth of 
the retort, and the cylinder containing the wood is 
slid from off the rollers into it, the retort—which is 
fitted with an air-tight door—having been pre- 
viously heated to a dull red heat. 

The process of charring now commences, and the 
steam, tar, and gas in the wood Fay from the cy- 
linder by means of holes in the door, through 
a pipe into the furnace, where they are consumed. 
From three to four hours is the time required to 
completely char a cylinder of wood, and at the end 
of this period the cylinder with its contents is drawn 
out of the retort by means of a block and tackle, 
lowered into an air-tight cooler or extinguisher, 
made with a close-fitting lid, and there allowed to 
remain for about half ry it is then placed in a 
smaller cooler, where it remains until quite cold, 
and after the charcoal has been carefully picked, it 





is quite fit for use in making gunpowder. About 
three charges can be burned off from each retort 
every twelve hours, 

As already stated, a and uniformly pure 
charcoal is very essential in manufacturing - 
powder, and, if properly made, will have a jet black 
appearance, the fractures show a velvet-like surface, 
and appear the same in both large and small pieces. 
It should not scratch soft polished metal, and if 
treated with distilled water there should be no 
appearance of alkali. 

rom 20 to 25 percent. of charcoal is obtained 
from the willow and alder, and from 25 to 30 per 
cent. is yielded by the black dog-wood ; the latter 
is very dense, tough, and of slow growth, its usual 
size being about 1 in. in thickness. When charred 
it has a yellowish-looking surface, and is slightly 
metallic in appearance in certain shades of light. 

The kind of wood from which the charcoal has 
been made is known by the pith ; that of dog-wood 
is circular and large for the size of the wood; that 
of the willow is also.circular, but.somewhat smaller ; 
whilst ia the case of alder, it forms a figure of three 
equidistant radial lines. They can all be easily dis- 
tinguished from. each. other. 

Charcoal is. very porous, and quickly absorbs 
moisture on being ex to the atmosphere ; 
therefore, a. great store is never kept, but it is used 
as soon as possible after being made. Previous 
to this, however, it is very carefully examined and 
picked, as thick pieces which have not been 
Properly charred are sometimes found. 

o test charcoal, and ascertain if alkali be 
present, finely powder a small quantity, and boil it 
in distilled water; filter the solution, and test 
with litmus paper reddened by weak acid. Should 
the c contain alkali, the paper will be par- 
tially. or wholly restored to its original colour. 

Pit-burned Charcoal.—This description of charcoal 
is used in the manufacture of what is known as “ pit 
gunpowder,” and’ is found to be more suitable for 
filling fuzes, port-fires, &c., than that made from 
retort-burned charcoal; it is also used for pyro- 
sophaie compositions and other purposes of a similar 

at 


Charring the wood in a pile covered up with straw 
and sods is found to produce a charcoal which will 
give to the gunpowder the iar qualities re- 
quired for the before-mentioned purposes; the 
procéss employed‘ is ds follows : 

The wood is built up in a cone about 10 ft: in 
diameter at the base and from 5 ft. to 7 ft. in height, 
a vertical hole being left in the centre of the pile or 
cone reaching from the bottom to thé top, so as to 
act as a chimney. The wood is then entirely 
covered over with a layer of straw from 4 in. to 5 in. 
in thickness, then a covering of charcoal refuse or 
sweepings. from the.store, if such can be obtzined, 
and over all a covering of sods with the grass side 
inwards, 

The pile is now fired by a few pieces of lighted 
chavenal being dropped to the bottom of the vertical 
hole or chimney (which is afterwards closed at the 
top), and the process of charring commences, be- 
ginning at the centre and spreading all round until 
the whole pile is charred. A shifting screen is 
generally employed so as to regulate the draught 
on the windward side, and small holes are made 
through the sods with a half-inch iron rod, these 
allow the vapour to escape and draw the fire to 
any. side of the pile that may be desired. 

rom seventy to eighty hours are required to 
char the whole mass, and as the charcoal produced 
by this process contains more of the woody fibre 
than the cylinder retort-burned charcoal, it conse- 
quently burns more slowly, is heavier, has a reddish 
tinge, is not so brittle, and has a more metallic 
sound when dropped, 

Having thus given the foregoing remarks in 
regard to each.of. the ingredients used in the manu- 
facture of gunpowder, together with a brief sketch 
of the processes employed in purifying the same, we 
shall now proceed to describe the several machines 
and operations connected with the manufacture. 


(Te be continued.) 





PERUVIAN Rattwayrs:—Work on the Oroya 
and the Cerro de Pasco, togethcr with the drainage of 
famous mines, is about to receive a i 
Peruvian Government has acceded 
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THE PARIS EXHIBITION.—No. XII. 
Water SuppLy—(concluded). 

During the whole time of the contract the com- 
pany furnishing the water must do as follows: 

1. They must deliver a sufficient supply from the 
reservoir of Passy and the basin of the éro. 

2, They must constantly inspect the system from 
the pumping station and the reservoirs to its various 
points of di ge. 

3. They must execute all the different operations 
connected with the water services of the Exhibition. 

4. They must maintain all the material employed 
in the distribution of the water. 

In the contract all the cost (including labour) 
necessary for the daily elevation of the water is 
included in the conditions already specified for 
the duration of the Exhibition, that is to say, 
from the 1st of May to the 31st of October inclusive. 
In the contract is also equally included the cost of 
the distribution of the water from the basin of the 
Trocadéro which the City places at the disposition of 
the Exhibition. 

The Administration will place at the disposition 
of the company in the neighbourhood of the Exhi- 
bition the necessary offices; a shop for plumbers 
and fountain constructors; ‘a store for material. 
A sufficient staff for the requirements of the service 
must be kept within the Exhibition and to inspect the 
basins. The company will conform, for the ission 
of the staff and of material, to the rules which will be 
furnished them. 

In the water service bureau the company must 
instal : 

1, All material required for warming, light- 
ing, &c. 

2. Telegraphs in communication with the I)irec- 
tion of the Exhibition, the reservoir of Passy, the 
pumping stations, and the fire-engine stations. 

3. A large plan on the wall of the whole of the 
canalisation, and showing the operations required 
for opening and shutting the hydrants, &c. 

4. Twelve gauges in communication at twelve 
points with the mains and showing the pressure 
continuously at each of these points. 

The plumbers’ shop will have to be supplied by 
the ones with all necessaries for the service 
during the night and day. The store will contain 
two plumbers’ carts, tools, and the necessary ma- 
terial for repairs and maintenance of the mains, 
and for the establishment of service pipes, &c. 
Instructions will be given at the proper time by 
the director of the works, for the organisation of 
the supply, which will comprise a night and day 
service. ‘The contract comprises all the cost for 
maintenance of the various parts of the canalisation 
during the time the service will be in operation. 

This maintenance consists : 

1. In the preservation in a good condition of the 
canalisation ; in repairing all damaged mains, service 
pipes, &c., whatever may be the causes of such 
damages ; in clearing out once a month all manholes, 
sumphs, &c.; in draining and otherwise maintaining 
the ends and the interior of the hydrants, cocks, 
and other apparatus ; in the operating of the valves 
and other apparatus, at any time appointed by the 
engineer ; in maintaining the hydrants, &c., at the 
level of the. ground, when any changes are not due 
to the instructions of the Administration ; in finding 
and immediately stopping all leaks in any part of the 
sluices. 

In addition to the requirements of the contract the 
company will be obliged : 

1. To furnish, in = and to instal all apparatus 
required for the distribution, all the mains and 
branches which will be wanted before and during 
the Exhibition, either for the Administration or for 
the exhibitors. It will be required to establish the 
fire service in the interior of the Palace of the 
Trocadéro, by means of a service pipe connected 
with the canalisation of the Dhuys, and water mains 
capable of being brought in the neighbourhood of 
the Exhibition. 

2. To maintain all the installations made by it 
and comprised beyond the contract, for the Adminis- 
tration, as well as for the exhibitors. 

8. To execute all works -conformably to the con- 
ditions enumerated in the different parts of the 
general scheme. 

4. Lastly, to establish and maintain the whole of 
this distribution in the same way as has been specified 
above for the service included in the contract, and 
without any indemnity for costs of maintenance, 
of repairs, and of working, the expenses arising 
under these heads being included in the schedule 
appended. 





The amount of the contract is fixed at the sum of 
29,2007. 

In consideration of this amount, paid by the State, 
the company will undertake to furnish for the 
service of the Exhibition the quantity of 4,412,000 
gallons of water per day from the 1st of May to the 
3lst of October, 1878. 

Beyond this supply, and on the monthly state- 
ments presented by the company, and checked by 
the service of the Exhibition, the company may be 
called on to furnish an additional quantity up to 
2,206,000 gallons of water per day. 

This additional amount, regulated each month, will 
be paid at the rate of 17d. per 1000 cubic feet, 
whether furnished before the Ist of May, 1878, or 
after the 31st of —, ae — 

By agreement with the Ville is, it is 
stipulated that the municipal service will } place at 
the disposition of the company for the use of the 
Exhibition one of the basins of the reservoirs of 
Passy, and they authorise the union of the canalisa- 
tion of the City with that of the Exhibition. In 
case of fire or other accident, this arrangement will 
give to the Exhibition, and under the control of the 
company, a supplementary supply of which it can 
dispose, and this water will be given gratuitously 
to the service of the Exhibition. 

Lastly, in addition to these stipulations, for the 
drinkiag water, which the exhibitors will receive 
gratuitously, the City will accept payments for a 
term of six months on the basis of its existing tariffs. 
Regarding the drinking water supplied to the Ad- 
ministration of the Exhibition, it will not be charged 
at a higher price than 28.3d. per 1000 cubic feet. 

The following prices comprise all the extras, 
profits, royalties, octroi duties, customs, charges of 
transport, &c. It is expressly understood that they 
will not be exceeded in any case. 

1. The price of cast iron for all the principal 

required for the service, and not specified in the 
schedule of the Ville de Paris, will be 12/, per ton. 

2. The price of fixing cast iron, which is not 
included in the schedule of the municipality, will be 
6/. per ton. 

8. The price of fixing cast iron for pieces the 
types of which are included in the municipal 
schedule, and concerning mains of 13.7 in. in 
diameter and above, will be 6s. 8d. per ton, and for 
mains of less than 13,7 in. in diameter, will be 4s. 2d. 
per ton. 

4. The price of furnishing sluice valves (Herdevin 
system) will be for 


' & s. d, 

Valves of 3.9 in. diameter 5 0 0 

» 48 9 5 8 0 

» 98 99 ww « COO @ 

»  &9 » 710 0 

» 64 »» 716 0 

ww ae ” 10 4 0 

» 98 ”” 1216 0 

oo US ” 1716 0 

oo «RT ” 20 0 0 

» 15.7 9 27 0 0 

» 19.6 ” 40 0 0 

» 23.6 ” 53 0 0 

» 314 0 . 117 0 0 
5. The ae of fixing sluice valves (Herdevin 
system) will be 70 per cent, of the price of the 

valves. 


6. The price of fixing lead will be 25 per cent. of 
the price of the material. 

7. The price of fixing gun-metal cocks, taps for 
steam-pumps, taps for fire and watering service, 
key-taps and fittings, and of all the various pipes 
and fountain work not included in the prices given 
above, 30 per cent. of the price of the material. 

The following is a summary of the cost of the 
portions of the work : 


Detailed Estimate. 


FS 

1. Amount of principal contract 29,200 

2. bit == — ae ne ort bly ‘ae 
upplemen water sup ju 

awe oo 120 
Canalisation works not included in 

the contract a ae jie 6,000 

36,760 

Add for contingencies ... ae 3,240 

Total . eee 40,000 


The annexed special clauses and conditions have | i 


also been . pone in connexion with the water 
service, e undertaking has for its object : 

1. To raise, collect, and distribute according to 
contract in the vicinity of the Exhibition, that is to 
say, the Champ de Mars, the Quai d'Orsay, the 


banks of the Seine, and the Trocadéro, for the period 
required, and according to the needs of the Exhibi- 
tion, 4,412,000 gallons per day in accordance with 
the conditions of the scheme. ‘This volume of 
water may be increased by 50 per cent. per day, 

2. To convey and to distribute within the vicinity 
of the Exhibition, under the same conditions, about 
2,200,000 gallons taken from the basin which the 
Ville de Paris will establish on the Place du Troca- 
déro, and of which the construction is not in the 
hands of the service of the Exhibition. 

8. To execute a certain number of works relating 
to the installation of mains, branches, and other 
ny Fe detailed in the scheme. 

The distribution of the water and all services 
connected therewith must be complete and in work- 
ing order from the 1st of Marca, 1878, to the 3lst 
of December, 1878, according to the requirements 
of the Exhibition. 

The cast iron employed will be furnished from the 
works of Fourchambauld, of Marquise, or of 
Chappée.du Mans. The Administration may also 
sanction, if they think fit, other clusses of cast iron 
at the request of the company. In all cases the 
latter engages to supply all material, and to execute 
the works in such a manner that the Ville de Paris 
will, without hesitation, accept such portions of the 
service as ag pe preserved after the closing of the 
Exhibition. The company having been able to 
estimate exactly the difficulties which it will 
encounter in the execution of its contraet, which 
will be carried out at the same time as a large 
number of other works in the Exhibition grounds, no 
indemnity will be granted to it on account of such 
difficulties or their ages em beyond the prices 
fixed by the schedule. It will have, moreover; to 
= ne, Se to prevent its works 

ing damaged urers, or others engaged upon 
the Exhibition, e Administration refusing to take 
any responsibility in this matter. In case the Admi- 
nistration consider it ne to maintain the 
complete distribution for a longer périod fe 
ahd March, obey it will = not pa 4 < ong 
so by paying to the company for each month o y 
beyond the Ist of March, 1879 : 1. For the portion 
of the service included in the contract a sum of 240/, 
2..For the part of the service not included in the 
contract, a sum yo seen the interest at 5 
per cent. of the difference existing between The 
prices of material and the cost of fixing. Under any 
circumstances the Administration will not be ‘able 
to extend the period of delay mentioned above, 
longer than the lst of March, 1880. 

The Administration reserves to itself the right of 
preserving, and of taking back for its own use, all or 
a portion of the works executed by the company, 
and it will state any such intention at least two 
months before the 1st of March, 1879. 

The definite acceptance of any of the works will 
take place on the 1st of March, 1879, andthe 
company will be compelled to place them, at its 
own cost, and without indemaity, in a condition 
fit for the acceptance of the Administration. 

The taking over of any part of the works will be 
accompanied by payment to the company of the price 
of the material, diminished by the price of fixing, 
and also by the price allowed in the contract for 
removal, For the other works it will be sufficient 
to substitute, in the ultimate settlement, the price 
for the materials and the cost of installation. The 
prices agreed on for the repurchase of the works 
reserved will be: For cast iron, the price peld by 
the Ville de Paris in their last contract, 9/, 11s. per 
ton, octroi duty included. For the other material and 
for labour, the prices will be the based on those in the 
schedule annexed to the Exhibition scheme, and on 
those in the schedule of the water service of the 
City (edition 1877) with rebate of 2 per cent, 

In all cases the Administration will pay nothing 
to the company if the former retains any part of the 
works in which the old material belonging to the 
State and already referred to, has been employed. 





Iron Steepers.—The Rhenish Railway Company has 
resolved to close its ‘establishment at Ni 2 


ween permanent way in 


Tue Breispane Rrvez.—The Queensland Engineer for 


Q 

Harbours 7 mgr ing of a scheme for improv- 
ing the naviga‘ of the Brisbane river. The 

depth of the channel admits of vessels of 16 ft. ht 
coming up to the city wharves. It'is now to 
crease soas to of vessels of draught. 
lying the B . Itis also 

to cut a new h the bar, straight the 
mouth of the river through banks into deep water. 
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“AN ENGINE TRIAL: ARRANGEMENT OF ENGINE AND BOILERS. 

















































































































the two connecti 
in. Both cylinders are steam-j 
steam arriving from the boiler 

first enters the jacket of the low- 


rods being coupled to one crank- 


linder, and thence is led through the 
to the high-pressure valve chest E, 
through the short pipe D, in w 
eis placed. The steam 

wood about an inch thick, and outside there 


rough the A 
e jacket of the gh-pressure cy- 











a sheet-iron covering C. H is the low-pressure 
valve-chest into which the steam is discharged from 
the high-pressure cylinder, and I the exhaust pipe 
leading to the condenser. 

The steam, which is admitted to the high-prersure 
cylinder for about 83 a of the stroke, is dis- 
tributed to both cylin by ordinary slide valves 
driven by the eccentrics E' and H’', these eccentrics 
being mounted on a short counter-shaft 8, which re- 
ceives its motion from the crankshaft A through 
gearing, as shown in the side elevation. The short 
shaft on which the intermediate wheel R of the 
gearing is mounted, also carries an eccentric V, 

which the feed’ pump X is driven, and a bevel 
wheel from which motion is transmitted to the 
governor by the bevel gearing T, asshown, The 
pear = es its water, as be seen, from the 
ot-well J, the supply being regulated by the 
cock Y. During these trials the cock Y was neces- 
ay a tices 7 ag pump Ay from a po 
ya wn ig. 3. e 
no ipiliah fentenes ; it operates an codieary thrétita 
valve pinast os ws have said, on the pipe D, the 
position of valve relatively to that of the slidin 
sleeve of the governor being capable of being 
ve-posep K i phocét tn tho sor of nayiuaese 

e air- rear of the cylin 
and is wacken bys Sagem ag of the low-pressure 
piston rod L through the cylinder cover. ‘The 
injection water enters through the pipe J’, the in- 
jection cock K’ being operated by a lever con- 
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veniently situated near the valve B. Theover-[by a thermometer placed in the pipe J' (Figs. 1] CONTINUOUS GIRDERS. 
flow from the hot-well is led off at Z. Waste water | and 2) and divided into fifths of A similar To THe Eprror or ENe a. 


cocks are fitted to the cylinders and steam jackets. 
The — dimensions of the engine we have 
been describing are as follows : 


Small Large 
Cylinder. Cylinder. 


in. in. 
Diameter of cylinder o Wb 33.76 
» piston rod 2.74 45 { (both 
Length of rod... 117.82 115.12 
Siemens = oh atk 
Front... 0.079 0.039 
Lead of wr {Beck (O18 0.008 
ee {Poo ss 41.46 42.05 
which steam is Back ... 44.84 45.2 


Consumption of Steam.—The consumption of steam 
was ascertained in two ways, namely, by a direct 
measurement of the quantity of water fed into the 
boilers, and, prado iy + calculation based on a mea- 
surement of the di water and its rise in 
temperature (compared with the temperature of 
the injection water). These measurements were 
made upon the system introduced on the Continent 
by M. G.-A. Hirn—a system substantially the same 
as that which has been independently worked. out 
and © emaenge applied here with so much success 
a essrs, Farey Sy ,"y* Jun. 

ig. 3 (see page 5) shows the general arrange- 
ment of ne engines, boilers, and tanks relatively to 
each other, It will be seen that there is a = of 
three boilers, placed side by side. Of these Nos. 1 
and 2 only were used for supplying steam to the 
engine, No. 3 was entirely separated from them and 
used for supplying the mill with steam for heatin 
og eee @ isolation of this boiler was effected 

y removing or closing up the portions of steam and 
feed pipes under — circumstances common to 
‘the three boilers, A A, receiving a part of the 
water drained from the heating 
water raised from an adjacent we 
of the engine, was on the se of the boiler 
No. 3 at a height of about 5 ft. above the vessel B, 

the aid of which the feed water was measured. 
measuring tank B was fitted with an overflow 

at the top, so that it could be always filled to the 
same level, and it communicated by a suction pipe at 
the bottom with the donkey pump C employed to 
feed the boilers worked during the experiment. 
The quantity of water contained in B, between the 
suction pire and the overflow, was about 36 cubic 
feet. float was arranged so as to enable an 
observer to tell exactly when the water level reached 
either the one or the other. The tank B being 
above the donkey, the suction water descended by 
its own vity to the pump. The latter was 
worked with steam from boiler No. 3, and all its 
connexions other than with the boilers in use were 
interrupted, the overflow being, of course, returned 
to the tank B. A counter was attached to the 
donkey to afford some check on the quantity of 


tus, and also 
on oe feed pump 


water which passed through it. 
The filling of B, from one marked point to the 
other, was done by ing the cock com- 


—— 0 

municating with A, and took about ten minutes 
each time. During this time, of course, the donkey 
was not working. As soon as the upper level was 
reached, the connexion with A was closed, and the 
donkey set to work again. The level of the water 
in the boilers remained very constant throughout 
each day’s working. It was kept as low as possible 
to reduce the chances of priming to a minimum by 
giving a large steam space. 

The discharge water passed from the condenser 
direct. to a tank D fitted with partitions so as to 
reduce it to quietness. Instead of ing over 
a tumbling-bay as Messrs, Farey and Donkin fo, an 
orifice in a thin metal plate fitted im the side of D 
was used, The head above the centre of the orifice 
was observed every fifteen minutes, and the discharge 
caleulated by aid of a coefficient determined by a 
number of special observations at different heighte. 
The orifice was 96 millimetres (3.78 in.) in diameter. 
An arrengeme nt was fitted up by which it could be 
sharply by an india-ru’ nor ping oa stopping 
the machine, and as quickly on starting. 

' rendered ble to measure (by the 
alteration of head) any leakage during the pauses, 
as wellas the quantity of water between the over- 
flow of the condenser and the vessel D. 

The temperature of the injection water was taken 


thermometer placed in the discharge pipe Z (Fig. 2) 
was used for reading the temperature of discharge. 
The readings were made in some cases every ten 
minutes, and in others every quarter of an hour. 

Condensation in Jacket and Pipes.—No steam trap 
was used, the jacket being allowed oy to drain 
itself through a cock, the opening and closing of 
which was managed by a — observer. e 
drain pipe led to along pipe E, Fig. 3, which acted 
as a pl condenser for any steam which might 
escape along with the water. The weight of water 
passed from E included therefore the weight of this 
steam as well as of the steam really condensed in 
the jacket, so that this measurement can only be 
considered as approximate, The results, as will 
seen afterwards, come out more satisfactorily than 
might have been e It was intended to 
employ a more exact method of measurement, 
deyised by M. Hirn, and apparatus was actually 
made for the purpose, but unfortunately circum- 
stances did not permit of its use. 

The same arrangement was used to measure the 

uantity of steam condensed in heating the jacket, 

c., before the engine was started in the morning. 
During dinner hour the jacket remained in com- 
munication with the boilers, and again the steam 
condensed was separately measured. In all, the 

uantity of water taken from the pipe E represents 
the steam generated in the boilers which did not 
actually pass through ped oe The pressure 
in the jacket was meas by a separate gauge, 
and from this pressure the corresponding tempera- 
ture was calculated. 

It was not found practicable to make any measure- 
ment of the quantity of water carried over by the 
steam as priming. The conditions, in any case, 
were very much those of ordinary work in factories, 
and the dryness of the steam about that which may 
he expected in ordinary circumstances. 

Pressure Gauges.—The steam pressures were noted 
every ten minutes on two mercury gauges, F’, Fig. 3, 
of which one communicated directly with the 
boilers, and the other with the jacket as already 
mentioned. Each instrument was fitted with a 
movable scale, of which the zero was set for atmo- 
spheric pressure each morning before commencing 
work. correction was e for the water ac- 
cumulating in one branch of the gauge. A 
meter placed beside the gauges was read from time 
to time during the day. 


Indicators.—Four Richards’ indicators were used, 
placed upon the ends of the cylinders, The springs 
tested both before and after 


of these were carefull, 
the trials, and the vom used for working out the 

i s were those jally determined in this way. 
A very well-arran gear, which is shown in Figs. 
4, 5, and 6, page 5, was used for the indicators. It 
consists of a crank arm attached to the countershaft S 
(Figs. 1 and 2) on which the eccentrics are placed, 
and carrying two crankpins arranged eccentrically to 
each other in such a way that they virtually belong 
to cranks (see Fig. 4) separated by an angle the 
same as that between the axes of thecylinders. By 
using connecting rods bearing the same proportion 
to the radius of these cranks as do the connectin 
rods to the cranks of the engine, the two slides o 
the indicator gear receive a motion nding 
absolutely to that of the pistons. To avoid slight 
errors in the diagrams due to the extension of the 
cords, wires were used instead of string for working 
the indicators. 

Cards were taken simultaneously from the four 
indicators every half-hour. At the same time an 
observer furnished with a stop-watch giving quarters 
of a second noted the time necessary to make a 
given number of revolutions. There was always a 
ittle difference between the mean speedof the engine 
measured in this way and that given by the counter. 
It was considered more accurate to take the mean 
speed as the mean observed speed at the instants 
when the power was measured, than as the actual 
mean speed given by the counter over the whole 
time, and this has been done in the Tables*which 
we shall give in our next number. 

(To be continued.) 





American Brivexr Buritprne.—A new oD seg the 
Blackstone river, at Central on the and 
Providence Railroad, has been 
severe tests. The 
about equally diyided between 
ow: since the estimated cost of 
,000 dols. The bri 





Company, of Wilmi 


baro- | the problem consists 


oe complexi 


the formula increases nearly as the cube 

of the number of spans,* so that at this 

ee ee gene Se a butlé in 

_ time than would be required for the preliminary calcu- 
tions. 


But even if we leave out of consideration the time and 
labour demanded by these penny A computations their 
2 clerical errors will alone be sufficient to justify 
a deci preference for any simple graphic solution in 
which the eye should be able to detect at once the existence 
of important error. 

tever method of investigation may be employed in 
this case, it is sure to be based upon assumptions which 
introduce at the outset errors of much greater magnitude 
than any that are likely to arise from mere inexactness of 
drawing ; while, on other hand, if the mathemati 


rate a bri 


method be employed, a single mistake in any of the inter- 
that the stresses in continuous 
for their calculation, 
purposes 
a few straight edges or a the of thread upon the 
it briefly before your readers. 
Let th 
spaced at any equal or unequal distances. 
In bridge ; bly be investi- 
-_ 
intensity of the distributed load assumed for each span, let 


minable computations, or a single misprint in the text-book, 
may easily lead to much more serious results. - 
Tateos it may not be known to some of readers 
joe irders, which require in 
some cases so many days or wee 
may be p wt | in as many minutes, with sufficient 
for all practical a little easy manipu- 
lation 
i ; however, as Ihave not seen this method any- 
where described, I will venture, with your permission, to lay 
, e ote te line A -+-Z maeenl oy pe 
of spans of a continuous ler, supported a‘ upon 
the abutments, and at B,C, &c., upon intermediate i 
each several cases will 
ted, in which some of the s be assumed to be 
htly and others heavily | Whatever may be the 
= a of —_ AF B, gaa C, pe 
rawn for each span as for an independen' er 80) 
at the ends, fog of course the moments E F, NO, &e, 
in the centre of opening, equal to the load on that 
a by the length of span, and divided by 


we could now determine the value of the moments 
BV, C W, &c.,.at each pier, it is well known that the 
moments at all other poin of the continuous girder would 
at once be given the vertical ordinates from these 
lic curves to a series of straight lines AV, V W, 

-» drawn from pier to pier; and the whole difficulty of 
in ing the true position of these 

lines, or the values of BV, C W, &c. F 
For the sake of brevity we may call this series of straight 
lines the distorted datwm line of the di 3 for it 
evidently matters nothing whether the lines A V W - -- Z be 
drawn as one straight line and the ordinates BV, &., set 
off above it, or whether the line-A BC---Z be drawn as 


— line and the same ordinates set off below it; 
only in the former case of course the parabolas would 


have to be distorted. However, we have drawn all the 
) las with square ordinates u one straight base 

ABC, &c., and the problem will now consist in find- 
ing the true position of the distorted. datum line AV W 
---Z. Having thus stated the problem in a form which 
will probably be well known to most of your readers, we 
md give the solution as follows, namely : 


and Q.) 
This is really all the geometry that is required, for it ma 
be shown that the pair of oh hove thas 


J pombe &e., whi 
every pier, are so situated that 
the datum line must in all cases at such distances 
above the one and below the other, that the ordinates H H, 
and LL, are in the inverse proportion of the spans A B 
and BC. For example, suppose that the of the 
brid ave oll of equal tenaih then HH,=LL, and QQ, 
=S 8,, and so on throughout. 

course the line must start from A and must terminate 
at Z, because the moment at each of these points is ing, 
and there is only one position of the line A V W-- 
between these points which will fulfil the requisite condi- 
tions, and this position is easily found by inspection, so 


been fixed on each side 


that the problem is now brought within easy reach of a 
solution, for though it still be difficult to 
a direct geometrical method wing in the datum 


to 0 deauinn pio ob A. quar i oruxnuaiiaeaie 


*B ing a two-foot rule to the of the work 
above mentioned, I ind that in a i of four athe 
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let the end hang over the edge of the dra table with a | im ly defended by forts, but could be made safe iod his views on the subject of continuous girders and 
small weight attached so as to keep tee mea gently want dosting batteriee, which would also serve as guard an: laws of gravitation, but, if his acquaintance with these 
stretched ; then draw down the bight of the line at the | training ships for our young naval reserve men. | su is no ‘and his knowledge no deeper than 
points V, Ww, &c. (temporarily fixing it by needle points), Yours truly, that which he on the subject of areas of 
and after a few trials the t hor 5 is soon adj with by ge -I.C.E. » solution of , and the properties of i 
abundant accuracy for all practical purposes, and forms the 69, Claverton-street, S.W., December 3. , 1877. orce, I should decids vise him to keep these views to 
datum line from which the ee moments at all points , or to reserve them for the private edification of his 

CONSOLIDATION »o. FAIRLIE mennwes. select circle of ‘‘ at least ,”’ who “ are 


of the girder may be at once scaled o 

In adjustin ing the thraad, the quality of the ordinates 
HH, and L Ll; may be judged by the eye with sufficient 
accuracy for many cases, but if we wish to be particular we 
may either measure the ordinates, or we may draw the 
straight line H L intersecting the vertical BV in M; then 
the thread must be drawn down at V untila straight line 
H, 1, (joining the J me where it intersects the verticals on 
each side) passes through the point M. 





When the adjacent spans are unsqual, it is onl yews 
sary to divide the line H L in parts in pro- 
portional to the spans, #.e., take the length H M ind set it 
off from L towards H; the new point thus fixed will be so 
situated that the line H, Lj must pass through it, and the 
thread is to be adjusted eatndie. 

direct mechanical solution of the problem for the case 
of a bridge of any number of equal spans will here naturally 
suggest itself. t the lines 5 ML, QTS, &e., = resent 
so many equal-armed levers, which may card- 
board or thin wood, and which are to be saned to the 
diagram at the centres M, T, &c., so ao to revolve freely 
upon those points ; the ends of the cardboard levers may 
be turned up and needle-holes pricked through them at 
H, L, &c. Now letthe thread be attached at one end to 
the fixed pin A as before, and the line ag yes threaded 
through the holes H,L, Q, 8, &c., in the ends of all the 
levers, and finally passed round the fixed pin Z ; then, upon 
drawing the line tight, i¢ will adjust itself in the required 
position ; that is to say, the levers will fall into the aauiiens 
shown by the lines H, Ly, &c., and the free parts of the 
thread A H;, Ly Q,, &c., will lie in the Fp ng lines, 
which have only to be continued on each side up to the 
piers in order to complete the diagram. 

Thus the problem which required the long-sustained 
exertion of Herculean labour when attacked by the mathe- 
matical processes of the mind, may be made to yield ina 
moment to a slight pressure of the jingers. 

It will, of course, be observed that if the levers take a 
very oblique position, a small error will be introdu 
but if the vertical scale of moments is so chosen that the 
difference between N O and E F is not ter than one- 
eighth of the span, this imperfection will be of no con- 
sequence. 

With this exception, the methods here described will be 
found to give, not merely approximate, but rigidly accurate 
a . n the common assumption of uniform section of 

ey are, in fact, based upon the same long chain 

an reaso’ as that which mathematically landed us upon 

a easonig a yard in length, and which takes into 

account the equation of the deflection curve, its first and 

second differentials, the equation of slope, and soon. It 

will, therefore, be readily understood that the demonstra- 

tion is too long to be contained within the proper limits of 
this letter. 
I am, Sir, 

hed FIDLer. 

Richmond, December 28, 1877. 





OUR OLDER IRONCLADS, 
To THE EDITOR OF a. 

S1r,—The earlier ironclad vessels in the English Navy, 
from the Warrior with 4}in. armour down to the Sultan, 
Monarch, or Hercules, &c., with 9in. or 10in. armour 
belts, are now so easily vulnerable by the guns which may 
- be brought against them in future naval wars, that it would 
be running too great risks to ships and crews to use them 


at = t an: werful enem 
st thoes vennsle might vote A be dep pie gy Mer 
ence, by 


toting oy ena ponpherer a th 
ightening them as much as possible by removing the pre- 
sent heavy machinery, the masts, and all other heavy 
fittings which are unnecessary for non-seagoing ships, and 
by applying the weight thus saved in the form of an addi- 
tional armour belt, as strong as can be carried over the 
water line, magazines, and vital parts only. 

The few heavy guns retained can now - efficiently pro- 
tected in deck turrets, or may be worked on the Moncrieff 
system, as preferred. 

In some cases the upper works of the vessel may also be 


razeed for lightness, as was proposed formerly to be done 
with our old wooden war shi; 

Such floating meron petinn t be moored by stro chains 
through hawse pipes passin ag town through the vessel’s hull, 


so as to prevent the dame of the mooring being shot 

away ; and if moored by head and stern so as not to swing 

with prod ys tide, then only the one seaward side need be pro- 

ire, and armour, as it only would beexposed toan enemy’s 

could thus be made strong enough to resist any 

yor a Such ships must also be protected against 

compel N whe wig ces nor seagoing qualities have 

to studied, but only the suitable arrangement Ee oiacbed | an 
of armour, guns, &c. The pen ater ee natmare Hy 

asisted by ang ig 


towns are now 


to the present armour belt by extra bolts 
shelf brackets seaport 


. Most of our 











To THE Eprror oF eo iggy 


Srr,—In your issue of November 9th, Mr. Fairlie 


attempts to prove that my statement of the work performed 
by Consolidation engines on standard gauge, Pennsylvania 
Railroad, is an nal of Octobe 
In your journal o} October 12th, I stated that a usual 
load for these engines on a level division was 90 loaded 
eight-wheel cars. 





in tow for an hour or more’ the stupendous diet 

of solving a triangle where vo sides and the included 

are given, but who find “ 
-worn school! 

idder 

in their various works 

and his oranges, and 








In reply to Mr. Fairlie, I submit the enclosed statement 
of the actual load hauled by one of these locomotives, on 
east-bound trains, from Sunbury to Harrisburg, during the 
month of October. This is drawn from the official 
reports on file in the offices of the Pennsylvania Railroad, 
Philadelphia and Erie Division. I do not give the west. 


bound trains, as the loads are very i . The cars 
are of the Pennsylvania Railroad stan , and the freight 
is mainly composed of grain, oil, lumber, and coal ; the box 
cars weigh about 19,000 Ib. and 28,000 Ib., the coal 
cars weigh 17,500 Ib. and carry 32 lb. It often hap- 

that over 90 cars of coal are hauled by one engine. 


e line from Sunbury to Harrisburg is mainly level ; itis, 
Seaver, a succession of curves—the s being 860 ft. 
radius. This disposes of’ the only question of interest to 
engineers raised by Mr. Fairlie; his allusions are 
not worthy of professional notice, but in —* to the 
Baldwin Works, I would draw attention to the absurdity of 
the insinuation that every statement of performance of 
Consolidation engines is manufactured by agents of that 
firm. I need only state that no firm has a monopoly of 
building this class of e, it is now one of the most 
common of locomotive in America, and all the large 
firms build them. It so ha that the particular engine 
which I have quoted, though built by Baldwins, is built 
from the Pennsylvania This engine is 
10,000 Ib. lighter than the usual Baldwin pattern, and was 
specially designed by the Pennsylvania for the ne- 
cessities of their own trade. 

The adoption of the Consolidation ag by this large rail- 

, and its adaptation, to regular freight service, is a 
bold step in railroad ma: —— and one which will place 
it ina condition to handle ht at a Som which would 
have been deemed inevediile 2 a few years 
Yours 
OWARD Fry. 

Williamsport, Philadelphia, December 14, 1877. 
Statement of the Number o ) Boe 5 Eight-Wheel Cars in 

each East-bound Train hauled by N. C. heey om No. 41, 

between Sunbury and Harrisburg during he month 

October, 1877. 


cars. 
October 2, ee pom 180 
» 3 90 
” 93 
» §& 77 
ag ee eee oie ioe Ry 90 
sa Se oe we ois as 86 
Vriggi. septes pei a sa 92 
33°. a oa es oes 90 
99 AE owe abi we 88 
6. as «as eas ove 90 
ee Fee 20s es pos te 
>, 14, two trips of 90 and 91 each 181 
= an oe ie 280 ove 91 
se eee 90 -" 
Knead awn 91 
ba a ke 85 
99 AO ‘ees ° 90 
go. Ga 88 
sh A 230 88 
6 91 
a ae 100 
ja i 90 
<—— ae 90 
44 4 ae on 92 
26trips... Total 2340 
which | gives an average of 90.3 
per trip. 





ENGINEERING CALCULATIONS. 

o To oe oF ENGINEERING. 4 
1R,—Seeing a on Engineering tion siened 
W. H. Bidder in your last number, and thinking at 
sight it was written by such an authority on this sabject 
coal the iy thes engineer of that name, whose papers, more 
Tnen large atatohanl smputnaion: beached 

or the thoro’ and un 

the subject displayed the author, I read the letter 

to end, but itis not surprising that » few line 


t to ee me of error, W! 
pigs pone dae may ort Rnd the ferblost 
and most 


depth of thought, I 


f sound 
and most ‘ota ub and the shallowest 
‘elementary seience. 
promises to give us at a future 





"The writer par Minrtistey kindly 








! 


aapte. But when he finds his brain racked by Hay wap 
problems as these, I should recommend to turn 
to the of one of the numerous works written aie such 
investigating scientific minds, for yg rd Dr. Brewer’s 
Ky to Science,’ or, » Dr. Joyce’s 
¥ Science for the Young.” 


December 27. 


STRIKES IN 1877. 

Mr. G. PHILLirs Bevan has sent to the Times an in- 

teres , containing cmeng = Fig: per of the strikes which 
in this coun’ curing year. He says: 

**T have carefully co at the prec which have 
pened in this country wit, he ie the last twelve months, 
poe soy gh ow into ee bes as = ev _ 

es are EA. pg 

~ Loria mtn me a terrible ae for bad 
“oe per mary had on our manufactures, and how 
an depression through which we are must 
have boon agzravated, ae eee seen, SOS en & 
great strike occurs cours public attention is natura y drawn to 
it, but I question w 


Yours truly, 
J.T.N. 





ee ee 


constant m of labour it is ve age 
of small ey , but none the Fy tees damaging to the 
the iocality. A by wd poled -« Frmagen ig baadongh-y ‘aes 


who have fostered th cop shhaausten: or jg heat not thrown 
os the weight of their influence to endeavour to prevent 


PRs titel anubec dh chiie thee ager te 
been 191, involving some 14 sections of pons, ang 





1, BUILDING TRADE, Flint-glass cutters .., oo “2 
es ss °° ia oe » Earthenware turners he Hy 
Building “nie. 2 2 Guar OS 
Semnestitiee 5 a az 7 
Bricklayers .. 4| 8, Woop Anp Stonework, 
Plasterers .,,, eee ow «4 eS 
ale TOE ai | le polishers i 

rs oev eee ws 61 Paviors tas “ae 
Sawyers one eee . 1 rs eee . oo 2 

70 porters ” . - 3 
2, COALMINING, French tye 
Colliers pam os ax aa ag ove i 
Engine tenters ee = 
nian he 21 9. OLOTHING, i 
‘ ‘ues «1 | Boot-emakers") 7g 
be mw Portmanteau-makers we I 
ae ge 3 
ooo ow 8 10. TEXTILES. 
ws « 6} Oottom operatives ...  .. 21 
os oe 2| Woollen ,, pert wate’ 
ot «»  2| Flaxworkers ... Page | 
‘ hie IE rcntasenen Sib ce 
Hinge aebere . tee ‘ Rope-spinners SO PBRATE 
< “ mi is 
23 11, Printina, &0. 
4, ENGINEERS. tee oon ee Ow 
Plat dee es .» 1] Book seo a0 oe =D 
7 r 
56, RAILways. 12, CARRIAGE-BUILDING, 
and driv: 1 ooo wei! 
Milesmenand roadsmen’ ,,, 1 | Carriage-builders Mein 
2 4 
6, SHIPBUILDING. 18, AGRICULTURAL La- 
oe oo ste) a ‘ . BOURERS as bee 8 
Tronwe i pa: ok no gene ae 1 
ot ener | 
Tanners ose eee eg 
7 egg AND a mane, -_ 
Cla: 8 
Total ... » 191 
1 wil be son that the feodes hore oes ee em 
Spee Je, and thelr 
| je by 4 i iter cede rg ee fail in 1878, to 
amid so many 
i Weta oh darctaon, retest from one week, 
or even ln, t0 mine mont, bt the ra result which has struck 
me throughout has been the ill success i See 
attended the strike. In some cases (but mostly small 
ones) the men have a wlst they wanted, batin-the 
vast majority they have failed, or at most have made a 





ENGINEERING. 





[Jan. 4, 1878. 





THE 


--* 


“Ginnie 


(For Description, see Page 14.) 


Fi¢:1. 


! 


ii ssdassstisetngsoineen 





. For instance, the colliers. at ‘Saundersfoot 
(South Wales) were out seven months for an increase of 
, and event went in on the old terms; the same 

with those at Dron » who were out seven-and-a-half 
months; at Dodsworth also for seven months; Fife and 
Clackmannan for three months. The joiners at Wolver- 
hampton were out six months; at Manchester for eight 
seenths (and indeod are still out); the shipwrights on the 
Clyde stood out for nearly six months, and then had to put 
up with a arbitration, which went 
against them. cabinet-makers at Carlisle were out 
26 for an increase of wages, and got the 
tryed extre $d. next March ; while the nut and 
»olt makers of Darlaston were out for sixteen weeks 


éven had to take lower prices than those on which 

they before the strike. With so many small and 

local quarrels, it is impossible to say how 

engaged in each, or the loss in wages for the time; but 

when we know that in some of the larger es, such as 
<ayen, Hin Deen cesmatoven, apes tie masons, 





CLYDE SHIPBUILDING TRADE, 1877. 
common with many other branches of indus- 
try, the great shipbuilding trade of the Clyde has 
suffered very considerably during the year; indeed, 
the falling off in the extent of the work turned out from 
the many shipyards which extend along both sides of the 
river from Glasgow down to the sea, has been much 
greater and more marked during 1877 than in any former 
year since the trade became one of the most prominent 
features of our modern industrial developments. The 
want of orders has been very much felt by nearly all the 
firms, and more especially by some of those which have, 
for a number of years, occupied a first-rate position. 
Then, again, there was a most disastrous disturbance in 
the relationship of employers and employed, which com- 
menced as far back as the month of April in a strike of 
the ship-carpenters for an advance of wages. While 
still in progress this was followed by a strike of the iron- 
workers — platers, rivetters, boiler-makers, &c.—and 
eventually a general lock-out took place, but which, 





ee Se San, So aren stag 
from the neighbourhood, perhaps never to return, with 

sufferings and ill-health of the wives: and families, it is 
awful to think of enormous cost year alone to 





however, was not of a very hearty character. The dis- 
turbance lasted in one way or another for the better part 
of eight months, the wor in the end getting no ad- 
vance of wages. For a long time it was one of the most 
determined ever recorded in the history of 
the labour movement in this country, and it was cer- 
tainly a most costly one to both parties in the dispute. 
The number of men thrown idle was estimated to have 
reached at one time about 10,000, and the loss in wages 
at over 150,000/. ; in addition to which the sum of 11,0004. 
was paid as strike allowance from the funds of various 








PENNSYLVANIA RAILROAD; STANDARD COAL TRUCK. 


trade unions throughout the country. It is scarcely 
ble to give a correct estimate of the loss which was 
irectly and indirectly sustained by the employers 
during such a long period of enforced idleness ; but it has 
been confidently set down at upwards of 300,000/.; and 
acc ly the strike and lock-out must have cost pro- 
bably not much. less than halfa million sterling. Doubt- 
less the derangement and unsettled condition of the 
Clyde shipbuilding trade caused by the strike and lock- 
out must have deterred shipowning firms from giving 
out orders for execution on the Clyde, but it is also pro- 
bable that there would have been a diminution in the 
total turned out during the year even though the 
wages dispute to which we have referred had not arisen, 
as it is quite evident that the amount of new shipping 
built three or four years ago was much in excess of the 
genuine demands of the carrying trade upon the great 
ocean highways; in fact, the market was glutted and 
overstocked, and the shipbuilding industry is now 
experiencing the reaction which of necessity results fro.a 
the operation of such a condition of things. 

The amount of shipping launched during 1877 was the 
lowest that has been recorded during the last ten years— 
in all 228 vessels of an of about 168,000 tons, 
whereas in the year 1868 the total tonnage launched 
amounted to about 170,000 tons. From that year onwards 
there was a somewhat steady rise each year until we come 
to 1874, when the largest total ever yet reached was 
launched, namely, 266,800 tons. The falling off ag com- 
= with the launches in 1876 is nearly 37,000 tons, and 

y 60,000 tons as compared with the year 1875, while 
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it is nearly 100,000 tons as compared with the turnout in 
1874, a sort of annus mirabilis in the Clyde ry cos 
industry. As regards the number of vessels launched 
during the past year there was practically no difference 
when compared with the number launched in 1874—228 
in 1877 as against 225 in 1874; but when com with 
the number turned out in 1876 the falling off is very ae 
—228 as against 266. Of course, the average to 

thus seen to have diminished very considerably within 
the last two years. It amounted over all to about 700 
tons in 1876, increasing to about 737 tons last year ; but 
in the five ears, 1871 to 1875 inclusive, the ayerage 
tonnage of the vessels and steamers taken sepa- 
rately was camething like the following : 


Sailing Vessels. Steamers. 
tons. 
1264 


1872 1136 1361 
1873 1583 = 
1874 4 

1875 "951 


In both SN OS, SO 


both cases, 
reached in 1878. Since that year there have been practi- 





cally very few mercantile vessels of from 3000 to 5000 tons 
built on the Clyde, in consequence of the large number of 
Atlantic and Pacific traders that were thrown upon the 
market from want of remunerative traffic. It is to be 
hoped, however, that the worst has now been seen, and 
that henceforth there will be a healthy improvement in 
the demand, not only for vessels for the ocean lines, 
but also for vessels for every branch of the © passenger and 
mercantile services. 

bi a trea Clyd Sevens 
launched from Olyde 
For example, Messrs. Robert Nepior 


no fewer three such vessels—the Dublin Castle, 
Warwick Castle, and Conway Castle—all of about 
3000 tons, with of 400 F - a nominal, and 
all for the celebrated “ Castle” line of Cape mail steamers 
owned by Messrs. Donald Currie and Co. For the rival 
line of the Union Steamship Com there was one 
steamer, the German, 3028 tons, built by Messrs. William 
Denny and Brothers, Dum’ and with en- 

of 500 horse power by Messrs. Denny and 














pay manage size, namely, the G les, 2801 tons 

and 580 horse power nominal, for Messrs. A. OC. Gow and 
Co.’s “ Glen” line of China tea clippers. The lar, 

vessel launched during the i however, was the Med- 

baile by Mosera, John Hider and Oo. for the Ro 

b ) Messrs. John and Oo, for the Royal est 

oo yor of London. But that total of six 

of 2800 tons and upwards, bears most unfavour- 


able comparison with the annual turnont of such 
cy ok ay ima on ease tim on 
fe Se a the Peninsular 
and Orien Ccipanpy the: Mest diekean theeaa hae 
<— ocean steamship s were all receiving 
ve additions to their already powerful fleets. 
“Of the 228 vessels built on the C deadlier Bese. 
Ee nie ee 
gate of 79,000 tons a againa 89 of» total of 78,4 O tens, 
pe air arge same amount, in 
of a total of 107,510 tons in 1875 ; 120 of » total 
of 178,000 tons in the year 1874. The largest amount 
of tonnage of such ee ae ae one firm 
during the past year was 1 10 tons, including the 
three vessels already mentioned, and two built respec- 
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10 
tivel Messrs. Barclay, Curle, and Co., and Messrs. 
Robert Steele and Co.—all for Messrs. Donald Currie and 


Co., who have now had eleven Clyde-built steamers for 
their Oape mail service since year 1872. Three 
vessels were added to the fleet owned by the British India 
Steam Navigation Company, of Glasgow, namely, the 
Chanda, 2030 tons, and Ohinsura, 2040 tons, both built 
by Messrs. Denny and Brothers; and the Pemba, 1540 
tons, built and engined by Messrs. A.and J. Inglis. The 
same company added eight vessels of a total of 10,800 
tons to their fleet in 1875, but in the following year they 
received no additions. It is worthy of mention, however, 
that the fleet now includgg 63 steamers, aggregating 
86,000 tons, all supplied Clyde shipbuilding firms. 
During the past year Messrs. T. and J. Harrison, of Liver- 
pool, made their first demand upon Clyde shipbuilders, 
and received two splendid steamers—the Chancellor, 
2217 tons, and the Discoverer, 2218 tons—the builders 
being Messrs. Aitken and Mansel, which brought their 
fleet up to 18 vessels, The Ocean Steamship Company 
(Messrs. Alfred Holt and Co.), of Liverpool, also added 
two vessels of about the same size to the splendid steam 
fleet which they started in 1866, the builders being 
Mesars. Scott and Co., Greenock, who also built the first 
three vessels of the fleet. For the Clyde and Mediter- 
ranean trade of Messrs. Turnbull, Martin, and Co., Glas- 
gow, there were two vessels built by Messrs. W. Hamilton 
and Co., Port-Glasgow, each of 1860 tons and 130 horse 
power nominal. Two fast steamers—the North-Eastern 
and North-Western, 700 tons each and 180 horse power— 
were built for the Ardrossan and Belfast passenger 
and cargo traffic, the owners being Messrs. R. Henderson 
and Co., and the builders Messrs. A. and J. Inglis. Be- 
sides the steamers already mentioned as having been 
built by Messrs. Aitken and Mansel, the same firm con- 
structed three other large steamers, each for a different 
shipowning firm—the Moray, 2200 tons and 300 horse 
power, a China trader for a Leith firm; the Afghan, 
same size and power, an East India trader, for Messrs. 
Gellatley, Hankey, and Sewell, of London; and the Ailsa, 
2000 tons and 200 horse power, for the South American 
tradé of the Atlas Steamship Company, of Liverpool. 
For the extensive line of steamers trading between London, 
Liverpool, and Spanish ports, and owned by Messrs, J. 
Roco and Oo., of Barcelona, two new vessels were built 
during the past year by Messrs. A. Stephen and Sons, 
Limehouse, each of 840 tons and 100 horse power. The 
London and Edinburgh Shipping Company got two 
steamers constructed for their line between London and 
Berwick—they were the Otter and Badger, 400 tons 
each, and built by Messrs. H. McIntyre and Co., 
Paisley. 

A large number of shipowning firms in Glasgow and 
other Scotch ports, and in English, Irish, Australian, and 
foreign ports, each got one screw steamer built on the 
_— during the past year. Two of the vessels were 
of large size and were specially designed for the Spanish 
ore trade, the owners being two well-known Glasgow iron- 
making firms—Messrs. William Dixon and Co., Govan 
and Calder, and the Summerlee Iron Company. For 
home and Australian firms there were a number of screw 
steamers built of from 600 to 1200tons. One of them was 
the Sheffield, built by Messrs. John Elder and Oo., for 
the Grimsby and Continental traffic of the Manchester, 
Sheffield, and Lincolnshire Railway Company, to whose 
order two vessels were previously supplied by the same 
firm. One of the steamers built for foreign owners was 
the Mercator, of 2000 tons, built by Messrs. A. Stephen 
and Sons, for an Antwerp firm. A new addition—the 
Tambora, 2000 tons—was made to the fleet of the 
Netherlands-India Steam Navigation Company, of 
Batavia, the builders being Messrs. Caird and Co., 
Greenock. Five steamers were built on the Clyde in 
1876 for the same company, and the fleet now embraces 

7 steamers, all of which are Clyde built. 

No fewer than seven of the steamers launched last 
year on the Clyde were towing vessels—three of them 
for Clyde owners, and one each for Mauritius, Adelaide, 
Aberdeen, and the river Bann in Ireland. This circum- 
stance shows that Clyde shipbuilding and marine engi- 
neers are not now so much indisposed to challenge the 
Tyne, which, in the department of tug steamers, has 
long enjoyed great fame, and an almost undisputed 
a om, Three out of those seven towing vessels were 
built by Messrs. Robert Duncan and Co., Port-Glasgow, 
and were all fitted, we believe, with Rankin and Black- 
more’s very successful two-cylinder disconnecting com- 
pound engines, which were described on page 255, vol. 
xxii., and page 9, vol. xxiv. of ENGINEERING. 

As in former years, the services of Clyde shipbuilders 
and engineers were in great request for steam dredgers 
and steam screw hopper barges; indeed, we may say 
with some degree of confidence that the past year’s work 
in that department of constructive art was even greater 
than had ever previously been done in any single year. 
The chief customer was the Dutch Government, the 
plant being required for the harbour. operations in the 
island of Java. As might naturally be expected, the 
eg eG ey was built b two well- 
known firms, Messrs. Thomas Wingate and Co. and Messrs. 


William Simons and ro The first-named firm built five 
eee, vere from’220 tons to 600 tons, for 
Dutch Government; one of 200 tons for the Campbel- 


steam 
the 


town Harbour Trustees; and the Cork Harbour Trust's 
No. 6 steam nae Messrs. Simons 
and Oo. built for the Mersey Dock Board four steam 
hopper barges of 500 tons each, and one of 600 tons. 
They also built one of 600 tons for the Dutch Government, 
and a steam dredger of 400 tons for the South Australian 
Government. Four new vessels, each of 500 tons and 
120 horse power—Nos. 15, 16, 17, 18—were added during 
the year to the steam hopper barge fleet owned by the 
Clyde Trustees. Messrs. Murdoch and Murray built the 
vessels, and Messrs. Rait and Lindsay, engineers, Glas- 
gow, supplied all the engines. A steam dredger, the 
Mudlark, on Messrs. Scott and Edwards’ patent system, 
was built for the Holyhead harbour operations by Messrs. 
Aitken and Mansel, and engined by Messrs. Rait and 
Lindsay. 

Only two war vessels were turned out on the Clyde 
during the past year, namely, the Firebrand and the 
Firefly, each of 400 tons and 350 horse power, constructed 
by Messrs. James and George Thomson, Glasgow and 
Dalmuir. The previous year, however, was rather 
exceptional in respect of war vessels built on the Clyde, as 
there were turned out that year two powerful twin-screw 
ironclad steamers—the Nelson and Northampton, each 
of 4680 tons and 1000 horse power; the completion of 
both vessels, however, occupied their respective builders 
—Messrs. Elder and Co. and Messrs. Napier and Sons 
—during almost the whole of the past year. 

The paddle steamers launched on the Clyde last year 
amounted to ten, of a total of 6560 tons. Two of them 
were vessels of considerable size—Prinses Marie and 
Prinses Elizabeth—each of 1652 tons and 600 horse 
power, built by Messrs. John Elder and Oo., to the order 
of the Stoomvart Maatschappy, of Zeeland, Amsterdam, 
for a new passenger service between Flushing and Queen- 
borough, by which the passage between Germany and 
this country is shortened by several hours. Messrs. 
Caird and Co. built two very large and splendid paddle- 
wheel passenger steamers to run’ in connexion with the 
Wemyss Bay Railway, and one to run between Glasgow 
and Arran; and Messrs. D. and W. Henderson built a 
splendid saloon side-wheel passenger steamer to serve a 
new route opened last summer between Greenock, 
Wemyss Bay, and Inverary. Three paddle steamers 
of 1600 tons each and 200 horse power were built by 
Messrs. Denny and Brothers for the River Steam Navi- 
gation Company, of Calcutta. They were shipped in 
pieces. 

So far as the tonnage of the sailing vessels launched on 
the Clyde last year is concerned, it compares very 
favourably with, and even exceeds in amount that of so 
recent a year as 1874. Last year there were 57 such 
vessels built of a total of 75,200 tons, wheréas in 1874 
(the year in which the total work turned out amounted 
to 268,800 tons) they reached only to 53, and the tonnage 
toa total of 68,500 tons. To Messrs. Aitken, Lilburn, 
and Co.’s fleet of Clyde and Australian traders, now con- 
sisting of 17 vessels, there were four additions during 
the past year, each vessel being of 1200 tons. Messrs. 
Macmillan, Dumbarton, supplied Messrs. Price and Oo., 
London, with two 1600-ton sailing vessels—the Tilkhurst 
and the Sandhurst. Other firms—Glasgow, Greenock, 
Liverpool, &c.—had each two very large sailing vessels 
added to their respective fleets during the year; and a 
large number of firms had one each. Many of these 
vessels ranged from 1200 tons up to 1840 tons, and are 
now engaged or about to become engaged in almost every 
known branch of the foreign trade. Notwithstanding the 
cheapness of shipbuilding iron during the whole of last 
year, there were as many as fourteen wooden vessels 
launched from Clyde shipyards; their average size, 
however, was only about 140 tons, but still it was 
materially greater than that of similar vessels built in 
any of the three years immediately preceding 1877. The 
yachts built last year were, steam, 12, of an aggregate 
of 1840 tons, of sailing, 10, of an aggregate of 150 tons, 
the numbers in the three preceding years being 15 and 14 
in 1876; 9and 10in 1875; and 4 and 7 in 1874. What- 
ever variation may have been shown in the demand for 
such vessels, it is certain that the Clyde builders have 
not fallen off in their reputation for skill in design and 
construction. 

The largest amount of shipping turned out by any one 
firm during the year was about 11,500 tons, which was 
the work of Messrs. Macmillan’s yard; Messrs. Barclay, 
Curle, and Co., and Messrs. Aitken and Mansel, stood 
upon almost the same level. Next in order we should 
mention Messrs. Stephen and Son, Messrs. Denny and 
Brothers, and Messrs. Napier and Sons. A most un- 
usual circumstance is the fact that Messrs. Elder and 
Co.’s place in the annual returns is only the ninth, instead 
of the first or second. Messrs. Caird and Co. are even 
very much lower. But along with the facts just referred to 
we ought to consider the amount of work in , to which 
we must draw attention very briefly in our next issue. 





Dom Prpro Szaunpo Rartway.—This line has 
its highest point, an altitude of 3550 ft., 225 miles from Rio 





de Janeiro, in traversing the of Juan Ayres, in the 
Mantiqueira range, whose highest peak is Itatiaia, 8380 ft. 
in altitude. The Pyrenees , in Goyaz, not so 
towering in outline as the iqueira " been 
found to be over 1000 ft. higher, and to be the highest in 


Brazil, its real backbone, in fact. 


reached | their firm 


BRIDGE OVER THE SARPSFOS. 

THE ‘os bridge, of which we give a two-page en- 
graving this week, is a very interesting example of 
a combined road and railway bridge most picturesquely 
situated over a grand river fall in Norway. Mr. Carl 
Pihl, as is well known, is one of the most powerful sup- 
porters of the narrow gauge system, and he has adopted 
the gauge of 3 ft. 6 in. for Norway, with light rails and 
a small weight on the heaviest loaded wheel. The line 
upon which the Sarpsfos bridge occurs is, however, of 
the ordinary gauge, and the engines and cars are also of 
the normal description. Thus the strains are calculated 
upon the assumption that the bridge would be covered 
with engines and tenders weighing respectively 37 tons 
and 27 tons, and measuring 14 metres from buffer to 
buffer. We must defer our description of the bridge until 
we publish engravings of further details. 








FOREIGN AND COLONIAL NOTES. 

Toronto, me: and Bruce Railway.—A movement is on 
foot to induce the municipalities along the line, as well as 
the Ontario Government, to vote 900,000 dols. for widen- 
ing the of the Toronto, Grey, and Bruce or 
and otherwise improving it. It is proposed to ask 600, 
dols. from the municipalities and 300,000 dols. from the 
Government. 


Transatlantic Steam Navigation.—Since 1873, four lines 
of steamers to New York have retired from the field, viz., 
the South Wales line, from Cardiff; the le line, from 
Ham! vid Plymouth (after the sad loss of the Schiller 
with 300 lives in May, | ; the Swedish line, from Stock- 
holm and Gothenburg ; and the Danish line, from Copen- 
hagen and Stettin. 

Locomotives on the Boston and Albany.—The last wood- 
burning engine of the Boston and Albany Railroad, the 
Huron, has been changed to a coal burner. 


Passaic Water. Company.—The Passaic Water Com- 
pany, of Paterson, New Jersey, is about to erect a steam 
pump capable of pumping about 3,500,000 gallons per day, 

Harbour Works at Lyttelton (N.Z.).—The Lyttelton 
(New Zealand) Harbour has decided on carrying 
out various works at an estimated cost of 100,000. 

The Mississippi Jetties.—Captain Brown, of the United 
States — inspecting officer at the jetties, officially 
informed the United States Secretary of War, that on the 
1st of December, there was a practicable channel through 
the Mississippi jetties 21ft. deep, at average flood tide ; 
that the only interruption of a icable channel 22 ft. 
ce was 90ft.in length ; and t+ a line of soundings 
= 22 ft. least depth extends through the bar to deep 
water. 


wy.—The German navy has been in- 
three vessels—the Stosch after the chief 
of the German Admiralty, which has been launched at 
Bredow ; the Moltke, launched at Dantzic ; and the iron- 
clad corv Saxe, which is a vessel of a novel . The 
Stosch and the Moltke are constructed of iron with inner 
linings of zinc and teak, and they are intended for service 
on distant stations. The Saxe belongs to the category of 
vessels reserved for the defence of the German coasts. She 
only carries iron plates amidships to protect the boilers and 
the engines ; and instead of the iron plates which in other 
vessels of this kind are placed both fore and aft, she carries 
Gaectalepinied. sul ethos any Taek ates * tostde 
8 yp , and without any ’ le 
this deck is a lining: of cork about 4 ft. wide and of the 
same thickness, which is intended to maintain the kL. |= 
brium of the vessel in case either her bow or stern sh be 
struck by an enemy’s fire. Upon her deck of myo 
iron are two iron turrets, one of which placed in 
stern has four guns, while the other in the bow of 
the vessel has only one, but that a m' gun. The 
Saxe also‘carries a spur, |10 ft. long, shaped like a lance. 
The vessel is pro; by two four-boiler engines, quite 
separate from each other, and each of 2300 horse power. 
Water Service of St. Lowis.—The Mississippi water sup- 
plied to St. Louis is abundant in quantity and wholesome 
in quality, but in colour it is suggestive of weak coffee 
without milk. To the stranger it is a surprise, not alto- 
gether pleasant, and to wash or bathe in it or drink it re- 
quires some courage at first. It is, however, good water, 
and in many respects mueh better than that supplied to 
some other large western American cities. In summer 
the daily consumption is about 27,000,000 gallons. As 
the weather grows colder the average drops down to 
20,000,000 gallons per day. All this water comes from the 
Mississippi. 


The Blast Furnaces of the World.—At the close of 1876, 
the world’s blast furnaces were distributed as follows: in 
Great Britain, 968 ; in the United States, 713; in 
456; in Austria, 180; in France, 1 
and in the Luxembourg, 23. Th 
altogether of producing 20,000,000 tons of pig iron per 
annum. 


Tue PuLsoMeTER.—We notice that Messrs. Hodgkin 
and Newhaus, well known as manufacturers in this country 
of the pulsometer steam pump, have changed the nature of 
the ttle of the Palsometes Engin iaeoeiine as Onin ety, Lieited. 

e m y. d. 
Beyond an extension of business, no change will 
result from this alteration, Mr. Hodgkin, as managing 
director, i the same res ition as 


hitherto. We are glad to notice the extended use found 








fer these pumps, aad the satisfactory results obtained by 
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BRIDGE OVER THE RIVER SARPSF®O 


MR. CARL PIHL, ENGINEER; MESSRS, BE 
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SFOS: NORWEGIAN STATE RAILWAYS. 


SSRS. BERGHEIM AND LECOQ, CONTRACTORS, 
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or of any 
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THE INSTITUTION OF CIVIL 
ENGINEERS. 


Tue Annual General Meeting of the Institu- 
tion of Civil Engineers, held on the 18th of 
December last, had been anticipated with consider- 
able, anxiety both on the part of the Council and 
the Members, as one likely to advance nearer to its 
solution the present difficulty, which it is felt both 
by the Administration and the Society itself must be 
removed. Accordingly the meeting was unusually 
crowded, and was marked by several unusual and 
interesting features: The Annual Report of the 
Council, of which we published an abstract on 
478 of our last volume, contains much miatesiel for 
reflection and discussion, quite apart from the satis- 
factory statistics which it gives of the growth and 
welfare of the Institution. 

The question of Class was one which occupied 
the minds of all present at the meeting, and the dif- 
ferent opinions held on this subject placed a majority 
in direct opposition to the minority supporting those 
views which were supposed to be held by the Council. 
At its outset the report dwelt upon this question. 
Referring to the abstract, we find that ‘ the cireum- 
stances were briefly recapitulated which led to the 
proposal made at the last annual meeting, to establish 
a new class intermediate between that of Members 
and that of Associates. That recommendation was 
adopted. by the general meeting, but the title to be 
given to the separated members of the Associate class 
was reserved for future decision. Acircular was there- 
upon addressed to all the Members and Associates 
in order to obtain the opinion of the majority on the 
subject. Before however the Council could proceed 
to fescy Sire action, a requisition was received by 
which it became necessary to summon aspecial general 
meeting of Members and. Associates to ‘ oadien the 
queen of raieuention sl tho nowdiees by 

Council.’ The meeting was held on 25 


.| This extract from th 


ts, | ment is now a thing of the 


tthe title of the new 


of April, when after considerable discussion the 
following resolution was : *That in the 
opinion of this meeting it is not desirable at present 
to create any new class of Member ; but it is desirable 
that those ‘Aisctlites wha are qualified to be Mem- 
bers should take the —— steps for transfer.’ ” 
e Council's report, or rather 
from the abstract of it, calls for some consideration, 
before we proceed to the new proposition of the 
Council. é review of the history of the ‘“ As- 
sociate-Member” incident, as given above, is in all 
respects ie accurate, but it nevertheless 
presents to the Members only one aspect of the affair, 
which should be also regarded from another point 
of view, not for its own im ce—for the move- 
but because it bears 
on the new proposition of the Council, The creation 
of the intermediate class was a cherished object with 
the Administrative body, for had it been effected, 
the grave difficulty which was originally due to 
neglect of the Charter and bye-laws, and had 
assumed gradually large proportions, would have 
been removed (but. only to develop difficulties of 
another nature at a future time). Possibly it was 
because the Council anticipated the opposition to the 
scheme which was finally fatal, that they a ewe 
it in their Annual Report for 1876.. Ry established 
custom the report of the Council is adopted without 
discussion (the last meeting proved a notable ex- 
ception to this rule), the Members present usually 
accepting the words of the bye-law that the 
annual general meeting is held only ‘to receive 
and deliberate upon the report of the Council 
on the state of the Institution.” They are there- 
fore unprepared to discuss or challenge any un- 
expected and startling innovations that may be 
introduced with it. It was in this way that the 
proposal for the new class was carried along with 
the report itself, as a matter of form, and not b 
any means because the Members present (and still 
less the ¢ majority not present), a of a 
scheme of which they then heard for the first 
time, and the importance of which they naturally 
failed to in the brief space required to read 
the report. It scarcely conveys therefore a true 
idea of the feelings of the Members, to say that 
‘“ this recommendation was ape Ae | the General 
Meeting ;” the report was adopted, it is true, 
and the recommendation was included in the 
report. After this followed the circular on the 
subject of the name to be given to the intermediate 
class, and in their report of the 18th ult., the 
Council summarise the number of replies received. 
The manner in which this part of the story is 
officially related, appears ‘to convey the impression 
that a very large number of the Members 
the new class scheme, but that their views were 
thwarted by the action of the requisitionists, who 
convened a i “fm meeting, ‘and, assisted from the 
Council itself, overthrew the measure. But the 
Members (beyond the limited number who mechani- 
cally’adopted the 1876 report) were not asked to 
express any opinion on the subject of the new class, 
Nor did the Council actin accordance with the bye- 
law, Section XIV, Clause I., which says, that ‘‘ The 
Council when they may consider it expedient to 
propose the enactment of any new bye-law or 
regulation, or the alteration or re of any exist- 
ing one, shall summon a General Meetin Mem- 
bers to decide on the same.” The r issued 
by the Institution on the 17 March last, embodied 
an extract from the 1876 report referring to 
the subject, and containing several suggestive 
titles for the pro new class. The circular 
concluded thus: ‘“‘For weighty and obvious reasons 
it is not possible to change'the designation of those 
who constitute the present Members, nor of 
those will remain in the class of ‘ Associates’ 
proper, therefore it becomes indispensable to devise 
a new title.” By the foregoing: then, it will be 
readily seen that from the different point of view 
in which this story of the intermediate class 
should be regarded, as well as that in which it is 
presented in the last Annual Re the ct is 
as follows: The Adminstration, hoping to find an 
easy way out of a position of considerable difficulty, 
incorporated (irregularly) the proposal of a radical 
in the Constitution of the Society, in an 
annual report which it was inevitable would be 
adopted. They called: no General Meeting of 
Members to discuss the point, but assuming th 
uestion to be already and definitely 
took the opinion of the whole: body as 
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was already supposed to be insured. But 





while, the Members ha had time to consider 
and the undesirable consequences which 
woul ae the establishment of Be intermediate 
class, a special meeting, and promptly con- 
— ed the movement. re jen : 
e@ may now go on er a 

paragraph oc fpre lesen Si, sap «nthe Gounell 
are, however, of opinion that the main question— 
the separation of the professional from the non- 
professional Associates—is thus left in a most un- 
satisfactory condition. They, therefore, 

that in future the Institution should consist of four 
classes, viz., Senior Members, or Fellows, Members 
(both classes of Members to enjoy equal corporate 
rights), Associates, and Honorary Members, with a 





Se er an Haig 
C) Pp t thi h con’ 
is that it is strikingly inconsistent. nisi 


of non-professional and professional Members 
most unsatisfactory, but it is not to be cured, nor 
affected by the separation of professional Members 
into two The proposed cure for the evil in 
short does not touch it at all, 

At.the meeting of the 18th ult., both the Council 
and the Members were alive to the impropriety and 
danger of regarding this proposal as that of the 

revious report had been regarded, and while the 

uncil contemplated the summoning of a 
anger meeting to consider the awe, the Mem- 


after a long discussion wag the report, 
it being understood that the adoption could not be 
construed into an tion of the new class. 


Of course it would premature to discuss the 
peo of the Council in detail, until they bring 

ore the special meeting to be held, the elaboration 
of the project sketched out in the report, but we 
may perhaps suggest what appears to recommend 
itself for adoption and what for rejection, supposing 
that the Members at the coming meeting sanction the 
proposal in any form. The new scheme does not 
appear to promise any results unless it be 
confined within restri limits, which limits 
it is not evident the Council intend to lay down, 
nor does the nature of the pesousitce contain 
favourable elements. Nine months ago the Council 
wrote to all the Members, ‘‘ For weighty and obvious 
reasons it is not possible to the - 
tion of those who constitute the present Members,” 
and the proposal to do so which at that time fluttered 
around Great baer are encountered bitter 
hostility from the majority of those who, having since 
failed to impound the engineer Associates in 
the intermediate class, eagerly put forward this 
pe mene Se nh i at a similar 
end by a different route. It is not 
“ weighty and obvious reasons” which a few months 
ago’p a new tion for Members out of 
question have ceased to exist, and that the Council, 
ignoring this assurance made individually to every 
member of the body corporate, should now recom- 
mend what so lately they declared impossible, tends 
to shake confidence in the judgment which they 
—— in’ the Administration entrusted to 

But supposing this new scheme sanctioned in its 
entirety by the special-:meeting, how would it work in 
Se All engineer Associates, and, Bove en- 
‘orce gp py aa tro! the non-professional 
class also, be t erred into the Member class. 
That all engineers now Associates and properly 
qualified under the bye-law, have ever been relegated 
to that class, is a great blot on the Administration, 
That the unprofessional Associates should taco 4 
have power of Placing themselves on the same 
as fe ner me embers, also indicates grave faults 
in the ment, and should such a result ever be 
arrived at, it would be an undeniable misfortune 
to the Institution, We may, however, assume such 
a contingency to be remote, and that engineers 
alone (the contractor complicates the matter) are 
admitted to their proper rank as Members. Such a 
state of things would be in all respects sound and 
correct, and in strict accordance with Charter and 
Constitution, But unsoundness attends the creation 
of the new class of Fellows (or whatever name they 
are to be called): What is to a Fellow. 
where isthe line to be drawn between the elect and 
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who being engineers, are eminent in no sense of the 
word, and able in no sense of the word (and there 
are many of this type on the roll of the Institution) 
will only have to live long enough to receive their 
rank. The qualification of age would then be 
simply and utterly ridiculous, and the title of 
Fellow, instead of being a guarantee of ability, 
would be a doubtful appellation from which those 
who would be burdened with it, and are able 
engineers, would suffer. 

WF caitense in the profession is to be the 
qualification, who is to decide that difficult question, 
and who shall separate ability from luck, profes- 
sional capacity from business tact, and individual 
talent from hired brains? Sooner or later, Fellows 
so created (assuming such an improbable thing to be 
sanctioned) must in the natural course of events 
form a “ring,” admission to, or exclusion from 
which would depend upon themselves. It is 
scarcely ne to point out the consequences of 
such a course. Discord of the harshest kind must 
follow the unjust election or the unjust refusal of 
candidates for the Fellow class, and it would be im- 

ible, when the degree of eminence supposed to 
be requisite is simply a matter of opinion, to avoid 
injustice. The new class would be a cause of 
jealousy and heartburning on the part of the 
embers, and the majority would be brought in 
direct opposition to the minority. It may be said 
that the b e-law ted by the Institution would 
clearly define the cations for Fellowship. To 
this the reply is—The Council on their part have dis- 
regarded the bye-law which defines the qualifica- 
tions for Membership, and substituted one of their 
own ; what guarantee is there, that they would not 
eqaall disregard the bye-law for admission 
to Fellowship, if such a law should unfortunately 
ever be admitted in the Constitution? 

To the individual, then, whether the qualification 
be one of age, or one of eminence, the reflections 
upon the title of Fellow would be such, that we can 
understand no engineer having a fitting respect for 
himself and the profession, seeking to enter the 
class, 

If, on the other hand, it be contemplated to make 
the scope of Fellowship so wide, that—broadly 
speaking—it shall include most existing Members, 
precisely the same results would follow as would have 
attended the creation of the intermediate class. 
That is to say, the unprofessional Associates would, 
it may be assumed, remain in their proper rank, 
engineer Associates would be raised en masse to be- 
come Members, and present Members would be 
transformed into Fellows, so that the new Members 
would then represent the intermediate class prcgenss, 
while the present Members would simply ge 
their title and be shifted to the higher level thus 
made forthem, This would be only another is of 
ae intermediate class, and would produce 
precisely the same effect. 

On the 23rd March last (see page 233, vol. xxiii.) 
we wrote (expressing, as events have shown the 
feelings of the majority of the Members on the 
subject), ‘‘If those from whom this proposition of 
creating a new (intermediate) class emanates, 
shrink from seeing the barrier shutting off the 
Associates removed, and the greater portion of their 
number admitted to Membership, there is:another and 
a legitimate means to them, by which they can 
separate themselves from the masses. It is impos- 
sible to make a change at the lowest grade of the 
Institution; the attached class of students admirably 
filled what was wanted at that end of the Society. 
It would be impolitic, and we believe impossible 
without infringing the prescriptions of the Charter, 
to establish the intermediate cew as contemplated ; 
but surely there can be no objection to creating a 
higher rank to be filled by the able and fortunate 
few, who, by virtue of undoubted ability, or by time, 
patience, or circumstance, are leaders of the profes- 
sion in the Institution. The rank of Fellow would 
be grudged to none such if confined to those who, 
- Qevy BE , ue . © this direction, we 
think, that a change —if one be necessary—should be 
made.” Nothing has occurred since these lines 
= written to alter the ones in them ; 
on the contrary, it appears, if a ge be still thought 
n . thad this’ ls the only ‘one legitimately 
at the of the Institution, the only one that 
could be effected without discredit and without dif- 


ficulty, near and remote, For our part we hold the 
opinion of those who stated last year that for 
‘** weighty and obvious reasons” it was impossible to 
change the name of Member, and who refused to 
listen to the suggestion of a (presumably) higher 


d . It is the man who adorns the title, not 
the title which elevates the man, and the reputation 
of the acknowledged leaders of the profession could 
not be enhanced by the name of Fellow, ry! more 
than could the same name shed meng of honour 
or of credit on any of the t Members (not 
engineers) who might be endowed with the uneasy 
appellation. Equally neither the reputation nor 
the business of an engineer could er, however 
high his standing, from the fact that the humblest 
unit of the profession (qualified for admission) 
shared the title of Member with him. 

At the same time, if it is considered desirable by 
the Institution that some fresh title should be in- 
vented, some higher rank established, there appears 
only one way by which this can be legitimately 
effected. This rank should be conferred on all Mem- 
bers placed on the Council, and on no others. By this 
means the body corporate would collectively elect 
those thus distinguished, and the whole Institution 
would thus combine in conferring a real dignity and 
honoured title on those ised as leaders of the 

rofession. By such a means there could be no possi- 
bility of intentional nor of accidental injustice, and 
the name of Member of Council, and Former Mem- 
ber of Council, or whatever title may be decided 
on, would be one by which all holding it would be 
justly honoured. It would have a special value 
also, because few could hold it, and all who did 
would merit it, for it would be practically out of the 
question that any Member unfit for the Council, 
would be nominated or elected. But to carry such 
@ proposition into active effect the change in the 
formation of the Council we have already so strongly 
advocated must be carried into effect. If members 
of that body remain permanently, or at all events 
for many years in office, they not only nee the 
interests of the Institution, as we have already 
inted out, but they debar other equally efficient 
embers from taking office, and the title and honour 
it would then bring. An active circulation of the 
Council is necessary for the reason we have already 
freely considered, and if a considerable number were 
changed every year a fair proportion of Members 
would annually step into the higherrank. The late 
elections set a good example of the activity re- 
uired, and showed that Members understand 
thoroughly in what directions to make improve- 
ments, and are sufficiently interested in the question 
to act accordingly. 

It may appear ungracious to criticise closely, 
perhaps sometimes rather severely, the actions 
of those gentlemen, Past-Presidents and Council, 
who devote so much time and labour to the 
man ent of the Institution. But we believe 
that their intentions, although of the highest nature, 
are tinged by certain local influences of which too 
prolonged administration is aoe the strongest, 
and from this cause they fail fully to understand 
the real danger which besets the Institution, and in 
what direction its true interests lie. The admirable 
and strong addition to their ranks made recently 
may help to work the needed chi , but we feel 
assured that even without this healthy influence the 
matter may be safely left to the hands of the 
Members as soon as they have had leisure to 
review the whole case, which will doubtless be done 
by a very large number before the special meeting 
resolved upon is held. 

This article has extended to so great a length 
that we must defer further consideration of the 
many points which suggest themselves till another 
— . Most important among these are the 

irable remarks made by Mr. Hawksley at the 
last meeting, and of which the matter and the 
spirit alike proved the earnest desire of the —— 
to remove all difficulties in the shortest and most 
easy way. 





THE THAMES SEWAGE. 

A report which has been recently presented to the 
Thames. Conservators by my alver has opened 
the eyes of the ratepayers of the metropolis to the 
fact that the four millions sterling, or more, that 
have been spent on the construction of the main 
drainage system, — not — — of the 
impure river, as in fact it appears that only a tempo- 
rary palliative has been arrived at which may 
eventually bring on worse evils than were ex- 
peri some twenty years ago. 

For a long time the Conservancy Board have 
insisted that the was gradually being silted 
up by the solid matter introduced at the two sewage 
outfalls of Barking and Crossness. But this was 
stoutly denied by Sir J. Bazalgette on the part of the 











Metropolitan Board, Captain Calver was therefore 
requested by the Conservators to fully investigate 
the subject. In June last he undertook a careful 
inquiry into the matter. He finds that while we heve 
to some extent relieved the river westward of Black- 


wall to the bri in some of the lower reaches 
the state of the es is worse than it was before 
the main drainage scheme came into operation. 


Close to the two outfalls there is a vast collection 
of offensive mud, arising from the deposit of sewage 
matter. This we can fully verify from the fact of 
having taken samples last A t from the banks 
of the Thames near Barking. The matter was about 
as thick as, and of the colour of, moistened paste- 
blacking, and the odour horribly offensive far 
worse, in fact, than the worst specimen we ever saw 
at Hungerford Bridge in 1855-57. 

In articles on the Thames which have appeared 
in ENGINEERING in the last and two preceding 

ears, we pointed out the fact that there is always a 
y of prune supaueet matter oscillating between 
the bridges and the neighbourhood of Blackwall. 
Captian Calver states further that the sewage which 
passes out of the outfalls at Barking and Crossness 
rolls up and down with each tidal flow within the 
eight miles between a point about half a mile below 
Purfleet causeway, and the canal basin at Gravesend. 
The solid contents are deposited in all the bays and 
creeks where the water is still, and they fall to the 
bottom during the time of low water. On the 
return of the tide they are carried up with it even 
so far as Charing Cross. 

These facts cannot be disputed. Indeed any 
— may verify them by taking a trip from 

estminster Bridge to Woolwich, starting an hour 
or so before high water, so as to arrive at Black- 
wall or Woolwich just as the tide turns. The return 
of the floating suspended matter to London will be 
at once perceived, and no further argument will be 
needed to prove that the Thames is at the present 
time nothing but a large sewer, with two sets of 
opposite flows of sewage matter in the course of 
the twenty-four hours between Westminster and 
Gravesend. 

The result is bad enough if it were only stationary 
as regards quantity of sewage matter, but it must 
be remembered that every day this is added to, 
The sewage outfalls cast additional matter, ‘at 
Barking and Crossness amounting daily to about - 
120,000,000 gallons, in which the solid matter varies 
from 50 to 120 ins per gallon. The idea of 
oxidising this b the a action of the air has long been 
shown to be filvaiotn if not farcical; for how can 
sufficient air, dissolved in the water, exist to oxidise 
so many hundred tons of organic matter whether 
in solution or in suspension ? 

Captain Calver has omitted an element of danger 
ina Sentes point of view. When sewage and sea 
water mix, sulphuretted hydrogen is immediately 
formed if the temperature be above 60 deg. or 
70 deg. Fahr. On two occasions, in 1875 and 1876, 
when testing the Thames in August, we were 
obliged to desist owing to the offensive odour of the 
gas between Blackwall and Barking. 

We believe that few have carefully 
studied the peculiarities which attend the de- 
position of suspended matter from sewage. Some 
years ago, in “‘ Notes on Sewage,” we pointed these 
out, but the following facts obtained by four ex- 
periments daily (and occasionally for periods of 4§ to 
72 hours consecutively) during a period of twelve 
months (July, 1870, to June, 1871), and therefore 
at all times of the year and night and day, may be 


useful. 

With a falling barometer, using the best precipi- 
tation processes that have been “invented,” it was 
always found difficult to throw the suspended 
matter down, and perhaps two or three hours would 
be required to get that result; while with a high 
barometer, ret a rising one, the precipitate 
was deposi in ten minutes, and the suspen- 
dant liquor quite nt. The liquid left per- 
fectly still would keep clear as long as the baro- 
meter stood high, but on its falling it would get 
muddy by the ascent of minute particles, again to 

ify with the rise of the adieu : ie ponds 
precisely the same phenomena may be seen, indeed 


in many country a glance at a d may 
pretty accurately indicate the state of the eter. 

Again, sewage is a liquid that of itself tends to 
keep matter in suspension. There is what we may 
call a viscidity about it that tends to keep the light 
flocculent matter constantly afloat. It is this fact 
that has given rise to various precipitation schemes 
for sewage treatment. Many, if not all 


of them, 
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answer well in the laboratory ; but, when tried on the 
large scale, their effect is but palliative, because it is 
impossible to suit them precisely to the known pecu- 
liarities of sewage, still less to the periodic variation 
(daily and weekly) to which sewage is liable. As 
an illustration of this, we adopted several years ago 
a plan similar to the weather chart of Fitzroy. The 
barometric column was used to indicate the solid, 
and the thermometric column represented the soluble 
contents of the sewage. Four experiments were made 
daily, and the chart marked accordingly. ‘The re- 
sult presented to the eye the difficulties of the sewage 

uestion in such a manner as to lead to the idea 
that treating sewage successfully in any way would 
be all but hopeless, and chemically impossible. 

For the present we merely give a general idea of 
the Thames Sewage Question as existing at this day, 
and forbear entering into certain details which will 
be better reserved for another discussion. Mean- 
while we may remark, however, that the difficulties 
of solving it are great indeed. By their Act of Parlia- 
ment, the Metropolitan Board are bound to pollute 
the Thames. By the last Rivers Pollution Act they 
are bound not to do it. Where shall we find a second 
Daniel to come to judgment on the question ? 








TELEGRAPHY WITHOUT METALLIC 
CONDUCTORS. 

Ir is well known that telegraph wires are almost 
constantly traversed by earth currents; and it is not 
surprising that at an early date in the history of 
telegraphy, electricians studied these phenomena 
with a view not merely to eliminate their prejudical 
effects on transmission, but also if possible to utilise 
them. The rapidity with which electrical inventions 
succeeded one another, prevented this subject from 
receiving all the attention it deserved, and it required 
the novelty of some curious experiments to re-awaken 
interest in the matter. 

In 1858, one of these experiments was made by 
M. Bouchotte. On the left bank of the Rupt-de- 
Mad, a small stream in the former department of 
the Moselle, he put to earth the two ends of a wire 
1100 ft. long. Through this wire he sent the current 
from a battery of two Bunsen cells; a much weaker 
current would have done equally well. On the 
right bank, a line of equal length, having a gal- 
vanometer in circuit, was also put to earth at its 
two ends. When the battery current was closed, 
the needle of the galvanometer was violently thrown 

inst one of its stops; when the current was 
reversed, the needle flew round to the other. This 
clearly showed that the current which traversed the 

vanometer circuit, depended entirely upon that 
rom the battery; and yet the two circuits were 
separated by a distance of 300ft., including the 
intervening stream. 

A little later, the subject was taken up by M. 
Bourbouze, who in the course of his investigations 
has obtained several important results. He demon- 
strated the existence of earth currents by connect- 
ing a delicate galvanometer with the gas and the 
water main leading into his laboratory. He noticed 
that the currents were usually weak, but by times 
became strong and even powerful, He varied his 
experiments by connecting the galvanometer with a 
body of water and with a metallic plate buried in 
the ground; a well andan ordinary earth-plate were 
used with perfect success. In one of his researches, 
it occurred to M. Bourbouze to put one pole of a 
battery to earth, and to connect the other with a 
body of water. On pressing down his key, the 
galvanometer of the former cireuit was instantly 
deflected, and remained permanently so. The 
battery current was interrupted, the needle returned 
to zero; the current was reversed, the needle swung 
round in the opposite direction. It is evident that 
in order to obtain good results, the earth currents 
must be neutralised as they tend to increase or 
diminish the deflection. his is easily done by 
allowing the current to pass through the galvano- 
meter, and then sending the current from a cell 
(say sulphate of copper) in an opposite direction 
round the galvanometer. By introducing a small 
variable resistance, the earth current may be 
accurately balanced and the needle maintained at 
zero. Such a resistance is easily formed out of a 
U-tube containing a weak solution of copper sul- 
phate, and provided at each end with a thin strip of 

latinum ; by moving the strips in or out of the 
say the resistance in circuit is varied accordingly. 
hen the balance is obtained, the existence of any 
other current, 
detected. 


however transient, is at once 





The first experiments of M. Bourbouze were made 
near the Pont d’Austerlitz, Paris. One of the wires 
was connected with the earth and the Seine. A 
battery consisting of 600 cells (copper sulphate) 
was placed near the Pont Napoléon, one pole being 
to earth and the other connected with copper plates 
immersed in the Seine. Care having been taken to 
adjust the galvanometer in the former circuit, it was 
found that when the current was made, the needle 
was deflected 25 deg. and even 30 deg. On reversing 
the current, the needle swung an equal number 
of degrees from its position of rest. The same ex- 
periments were repeated at the Pont St. Michel, 
near St. Denis, and with similar results. 

In the paper which M. Bourbouze read before the 
Academy of Sciences on this subject, he states that he 
is in the habit of using in his private laboratory the 
currents, derived from this novel method, from a 
battery of 40 cells, which is fitted up in the Ecole de 
Pharmacie. The intensity is such as often to give a de- 
flection of 50 deg. By immersing ina well a copper 
plate, and connecting it with another buried in the 
ground, so as to form an electrical circuit, he has ob- 
tained from the 40-cell battery currents sufficiently 
strong to charge secondary batteries, to work a 
small electro-magnetic apparatus, and to decompose 
water. When the battery is not in action, he utilises 
the ordinary earth currents for these P ‘ 
which require but feeble electro-motive force, and 
which would not be vitiated by fluctuations, in- 
terruptions, or change of direction. 

These effects naturally su, that the size of the 
plates may not be without its influence in de ini 
the strength of the current developed. Itis possible 
that ce dimensions would give amaximum effect 
which might render the current: serviceable for in- 
dustrial purposes. 

In connexion with this subject, we may state that 
Professor Loomis, of Yale College, has been lately 
endeavouring to use the upper currents of the 
atmosphere for the purposes of taking up and con- 
veying electrical pulses. The experiments were 
conducted with kites, in which the usual string was 
replaced by a flexible copper wire. The kites were 
raised to a considerable height, when it was found 
that signals sent along one wire were transmitted by 
the aérial currents to the second. West Virgina 
was selected as affording the greatest facilities for 

ing out the experiments by the mountainous 
character of the country, and the steady currents 
that prevail in the higher altitudes. Professor 
Loomis has met with considerable success, having 
been able to maintain communication at a distance 
of 10 miles. 

The experiments that we have described are 
striking, They leave but little doubt as to the 
possibility of transmitting signals to distant points 
without the use of a metallic conductor ; and at the 
same time they induce a little scepticism as to the 
comprehensiveness of our theory of electrical con- 
duction. Possibly further researches will lead to a 
broader view of the whole subject, and peer give 
us an insight into the nature of the peculiar molecular 
modification which. gives rise to the phenomena of 
electricity. 


HEINRICH DANIEL RUHMKORFF. 

TuE name of Ruhmkorff is so intimately connected 
with the history of the development of electrical 
science that it would ill become a scientific journal 
to pass over the event of his death without a passing 
notice of his life and work. 

Heinrich Daniel Ruhmkorff, though from his long 
residence in Paris generally regarded as a French- 
man, was, as his name indicates, a German by birth 
and parentage, having been born at Hanover in the 
year 1801. 

It is pleasant to record what is not generally 
known, namely, that it was in this country that 
Ruhmkorff began the business of life. He was first 
employed at the factory of the late Mr. ——_ 
Bramah, the well-known inventor of the hydraulic 
press, whose works at that time stood almost on the 
site of the present Victoria Station, at Pimlico. He 
continued for some years in this country, and then 
went over to France as a journeyman, Finding 
his way to Paris, he was employed as an assistant 
in the atelier of M. Chevalier, where he was 
imbued with the love of that branch of physical re- 
search with which his name was afterwards asso- 
ciated. ‘Profiting by the experience he gained under 
the guidance of M. Chevalier, who took a great in- 
terest in him, he soon after business on his 





own account as a philosophical instrument maker, 
and, avoiding the well-worn grooves in which his 








competitors in trade had hitherto moved, he 
brought to bear upon his work a reasoning intelli- 
ce, ing all the parts of his instruments to 

e work they were intended to perform, and having 
the advantage of the friendship of his former master, 
he soon gained the su of other scientific men, 
and his business was firmly established. 

In the year 1831 the t discovery of electrical 
induction was made by Faraday, and his researches 
upon this subject were published in the Philosophical 
Tesnastiions of the Royal Society in that and the 
following year. In 1833, Dr, apf in the. United 
States, experimenting with coils of insulated wire, 
noticed the fact that in long voltaic circuits a bright 

k is produced when contact is suddenly broken, 
but that this does not occur when the circuit is 
short, This fact was investigated by Faraday, and the 
following year he proved that the spark was an effect 
of what he named the “ extra current” induced in the 
various convolutions of the coil by the current travers- 
ing those other convolutions in their immediate neigh- 
bourhood, He found that the induced extra current 
was in one direction upon contact being made, and 
in the reverse direction upon the circuit being 
broken, so that when the uit was alternately 
made and interrupted, the effect of the extra 
current was alternately to diminish the principal 
current by inductive retardation, and to produce a 
succeeding secondary current in the opposite direc- 
tion, It was also found that the insertion of a core 
of iron within the coil greatly increased the induc- 
tive effects, In 1837, Sturgeon sngueate’. the sub- 
ig aay < oa of iron wires for the solid iron 

, by which rapid magnetisation and demagnetisa- 
tion were facilitated, and a greater number of in- 
duced currents could be produced. 

In France the subject was taken up by Masson, by 
Breguet, and by Fizeau, and the researches of these 
physicists, and the results obtained from them, bring 
the hi of the science of electrical induction up 
to the time when M. Ruhmkorff, collecting the 
results obtained by the various workers who had 
investigated the subject, and paying great atten- 
tion to insulation, combined them in a practical 
form, and after a series of experiments, which at the 
time excited considerable interest among some of 
the physicists of Paris, resulted in the production in 
the year 1850 of the first Ruhmkorff induction coil, 
This coil was exhibited in 1851, and although its 

wer was limited to the production of sparks, but 

ittle more than an eighth of an inch in length, it 
made a profound sensation in the scientific world, 
and earned for its inventor a European reputation. 

We have before noticed that the effect of the 
extra current when the circuit of an electrical coil 
is closed is to retard, by neutralising to a certain 
extent the main current, which retardation, in the 
early days of induction coils, was a serious obstacle 
to their success. In the year 1853, M. Fizeau dimi- 
nished this defect by the invention of the condenser, 
which (by storing up, after the manner of a Leyden 
jar, of which it is a modification, the extra current 
produced at the instant of breaking the circuit to be 
immediately after utilised for increasing the main 
current when in closed), greatly added to the 

wer and efficiency of the induction coil. M. 

uhmkorff lost no time in applying M. Fizeau’s 
condenser to his instruments, and thereby obtained 
most encouraging results. 

‘These experiments excited the interest of the late 
Mr. J. P, Gassiot, F.R.S., to whose great scientific 
zeal and princely liberality the great perfection of 
the induction coil of the present day must very 
largely be attributed. Mr. Gassiot went over to 
Paris and gave to M. Ruhmkorff instructions to 
construct for him, regardless of cost, the most per- 
fect and most powerful induction coil it was possible 
to make. M. Ruhmkorff carried out this request, 
and the instrument made for Mr. Gassiot was 
capable of giving sparks between its terminals of 
three — of an inch in length, This distance had 
never before been equalled, and M. Ruhmkorff’s coil 
attracted Tog attention at the time. About this time 
the late Mr, Hearder, of Plymouth, and Mr. Bentley 
of London, constructed powerful induction coils, but 
Mr. Ladd was the first to produce instruments 
capable of giving long sparks. He conducted for 
Mr, Gassiot an exhaustive series of experiments to 
ascertain the best material and proportions for every 
part of the instrument, and by combining these - 
results with great perfection of insulation, the 
secret of success in all such instruments, he was 
able to construct for Mr. Gassiot a coil capable of 
giving sparks 44 in. long, and exhibiting other 
powerful effects of electrical induction. 
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From this time ev construction of induction 
coils was taken u hilosop 
makers both here and Ee the Continent, and a very 
large business on this account fell to the lot of 
M. Rubrhkorff. 

The largest induction coil that has been made 
up to the present time was constracted by Mr. 
Apps for Mr. Miheyerths we pubtteae F.RS., and 
is by far the most powerful instrument of its kind 
in the world, This instrument has already been 
described in this journal,* but we may, however, 
remind our readers that its secondary wire is 280 
miles in length, and that it is capable of producing 
sparks or electric flashes 42 in. long, with a battery 
consisting of 30 quart Grove cells. 

The celebra bay eae yes of ae Gassiot upon 
electrical discharges resi gaseous vacua, 
and upon what is now called the eat Le of the 
electric discharge, have more than anything 
else contributed to the } rete for M, Ruhmkorifs 
coils, and to the fame of their inventor, with which 
that of Dr. Geissler, of Bonn, must ever be as- 
sociated. 

Afterthe French Exhibition of 1855, M. Ruhmkorff 
obtained the first-class medal and a decoration of 
the Legion of honour, In 1856 he was was awarded 
by the Academie des Sciences the annual Trémont 


prize of 1090 francs, which honour was ted in 
the four succeeding years, making alto er 5000 
francs, and at the ibitions of 1858 and 1864 he 


won the first prize of 50,000 francs for applications 
of electricity. He was a member of the French 
Physical Society, and a contributor of papers to 
that and to several of the other scientific societies of 
France. He was also a frequent correspondent upon 
matters connected with etism and electricit 
to the journal Les Mondes, and his opinion was mu 
valued by many of the leading scientific men of the 
Continent. 

M. Ruhmkorff, who had been very unwell for 
some months previously, died somewhat suddenly at 
Paris on the 20th of last month in the seventy-fifth 
year of his . At the funeral, M. Jamin, the 
eminent physicist, delivered an address over his grave, 


THE PENNSYLVANIA RAILROAD. 
No, LIII.—Sranparp Coa Truck. 

Figs. 1 to 5, pages 8and 9, are drawings of the 
standard drop bottom coal car in use on the Penn- 
sylvania Railroad, This, like the caboose car, is one of 
the few types of stock on rigid wheels ; as compared 
with other cars it is of very small dimensions, Fig. 1 
is a side elevation, and Fig. 2 alongitudinal section ; 
from the latter it will be seen that the inside length 
of the body is 10 ft. 4in., the depth in the centre is 
4 ft. 10 in., and the width is 5 ft. 10}in. The wheels, 
of which there are four, are 33 in. in diameter, and 
their axles run in boxes placed in pedestals, which 
are attached to a long spring beam placed on each 
side of the car. The centres of axles are 5 ft. apart. 
and the length of the spring beam is 8 ft. 44in. The 
extremities rest in cast-iron sockets bolted to the 
frame of the car, and are free to move. The beam 
is composed of two timbers, the lower one 4 in. b 
6 in., and the upper one 3} in. by 6 in. The depth 
of the lower timber is somewhat reduced towards 
the ends to give additional’elasticity. In the centre 
of the beam a block 18 in. long, 6. in. wide at the 
bottom, and 4 in. at the top, and 54in. deep, is 
interposed between it and the underside of the main 
timber of the frame, two through bolts fastening the 
whole together, By this arrangement the use of 
springs is avoided and sufficient elasticity obtained 
for the car. The frame consists of two outer longi- 
tudinals, 4 in, by 9in., and end cross sills 9 in, 2 
Qin. Between the longitudinals, and 3 ft. 7 in, 
apart, are two other beams 3} in, by 1 ft. 2 in. deep, 

e ends of which are cut away, so that the main 
transverse silis rest upon and are bolted to them. 
The rest of the cross framing consists of a timber 
4in. by 8} in. stretched between the two inner 
longitudinal beams, and placed 12 in. from the end 
transverse sills; short longitudinal pieces connect 
these, as shown in the plan, Fig. 3. Other 
short lengths also connect the outer and inner 
re sills, and to the end transverse beams, 
tim 4in. by 9 in., are bolted; these, however, 
stop short of the centre to allow room for the draw 
h An iron plate covers the angles, as shown in 
Figs. 1 and §. the plan are indicated the various 
bolts connecting and strengthening the structure, 
They consist principally of two through rods 
secured to the end transverse sills, and cross bolts 


* See ENGINEERING, vol. xxiii., page 303. 








between the outer and inner longitudinals. 
hical instrument | body 


step was taken in the same direction, and then the 
celebrated Fulton asimilar diving-boat to 
the French M ce 2 = simcanoren led 

a screw opera’ a crank, an oO in 
French waters his experiments were attended with a 
fair amount of success, the French Government re- 
fused to adopt the invention; he consequently 
withdrew to gland, where, under an assumed 
name, he succeeded in obtaining the support of Mr. 
Pitt, but the committee appointed to inquire into 
its merits pronounced it to be impracticable, so that 
he again returned to America, where, although as 
in England he succeeded in gaining the ear of the 
minister, he met with so much opposition from 
various sources and was so unfortunate in his expe- 
riments that he gave up the attempt to introduce a 
system of warped warfare and turned his attention 
to steam navigation, which he may be said to have 
introduced into that coun’ It was during the 
course of his torpedo riments, however, that 
he developed the first notion of the steam launches 
of to-day; a general view, section, and plan of the 
model—for it never got beyond that stage—is shown 
in illustration on 16, Figs. 167, 168, and 169. 
It was constructed with sides 6 ft. thick, intended to 
be cannon-proof, and with a musket-proof deck 6 in. 
thick. She was propelled by a scull-wheel and in- 
tended to carry two torpedoes on either side fixed to 
the end of spars 96 ft. long, eo: by guys from 
the masthead. True, the scheme was, strictly 
speaking, a failure, but then it was one’ of those 
failures that carry with them the germ of suc- 
cess. 


The 
of the car is framed on to four corner posts 
4 in. by 5 in., and four intermediate ones 3 in. by 
3}in, Raking struts of the same dimensions extend 
from the foot of each intermediate to the top of the 
angle posts, and a rail 4 in. in. runs around 
the top of the body. Four bolts on each side, 
lin. in diameter, pass from the top rail through 
the outer longitudinal sills and are bolted to them. 
The planking of the sides of the bodyis 1 in. thick and 
that of the bottom is ]3in. Figs. 2 and 4 show the 
form of the bottom. From these it will be seen that 
at a distance of 2 ft. 6in. from the top of the body, 
the car is sloped inward ; transversely so as to leave 
a clear space in the middle of the car of 3 ft. 7 in., 
and longitudinally one of 2 ft. 8 in. The method 
of framing this lower part of the body is clear! 
shown in the drawings. In the centre of the length 
of the car a beam extends across it. It is 4 in. by 
6} in., and is protected by an iron plate; from the 
beam pass down two rods, which are bolted to the | 
side of the hopper in the body (Fig. 4). Close to 
the drop doors are two ae 3 in. by $in., which 
are bolted at their ends to the inner longitudinals, 
and ‘along their length to the hopper bottom (Fig. 2). 
The doors, which are hung in the usual manner, are 
suspended by ¥s in. chains to a bar running across 
the car, and actuated by a pawl and ratchet placed 
outside (Fig. i). Two bumpers are placed on each 
transverse sill 18} in. deep and 54 in. wide, The 
weight of the caris about 4 tons. 


NOTES ON TORPEDOES.—No. XXIV. 
Spar TORPEDOES, 

Atmost from time immemorial weaker nations 
have a sought to augment the strength of 
their navies by the use of ‘‘ diabolical” contrivances 
for destroying an invader’s shi These contri- 
vances usually took the form of fire-rafts which, 
when ignited, were allowed to drift among an 
enemy's fleet riding at anchor before a blockaded 

rt. Down to the days when sails were discarded 
or steam propulsion and iron supersedéd wood in 
the construction of ships of war, this system was 
attended with a fair degree of success; but the 
march of science has left this, together with many 
other old-world things, far behind, developing 
other and more 8 ing schemes, only in their 
turn to be discarded for something new. 

Before entering into a discussion of the merits and 
demerits of the various offensive systems of torpedo 
warfare which form 80 important an element in the 
navies of to-day, and which to keep pace with the 
times have taken the place of the fire-raft formerly 
used for similar purposes, viz., the destruction of 
an enemy’s ships, we will first give a short sketch 
of the origin and history of spar torpedoes. 

The first a an sate oman means of 
a boat specially designed to carry a torpedo appears 
to have originated with Captain David Bushnell, of 
Connecticut, about the year 1775. And indeed 
strictly speaking this was not a spar torpedo boat 
—being simply a boat capable of accommodating 
one — who sat in a water-tight compartment 
capable of containing sufficient air to support him 
for thirty minutes, and who, by letting the water in 
or out of a chamber below him, could ascend or 
descend at will; it was propelled by an oar and 
guided by a rudder, and bak om feun'tabo'ta ts 
crown capable of sliding up or down through 
a space of six inches; the rod passing through 
this tube carried a screw which could be fas- 
tened into the bottom of a ship by turning the 
rod, and cast off by turning the rod again; a tor- 
pedo attached by a rope to this screw was also cast 
off at the same time and left hanging below the ship, 
ignition being effected by means of a clock arrange. 
ment which could be set to explode the mine at any 
given time. The arrangement is worthy of note as 
constituting the first step to the introduction of this 
importantsystem. An attempt was made with Cap- 
tain Bushnell’s boat to blow up the English sixty- 
four gunship Eagle during the campaign of 1776, 
but es to some unexplained reason the operator 
was unable to fix the screw, and had in consequence 
to desist in his effort ; the difficulty probably arose 
from the thickness of co; sheeting on the ves- 
sel’s bottom, together with a little nervous hesita- 
tion, perhaps, in closing with the ship. Be this as it 
may, the attack was a failure, and as shortly after 











































Next in the historic line comes a second diving- 
boat, similar in construction to Bushnell’s, but 
capable of accommodating nine persons. She was 
armed with a torpedo fixed to the end of a spar. 
This vessel possessed no speciality worth recording, 
if we except the fact of accommodation being pro- 
vided fora crew of nine, and humanitarians would 
scarcely consider this a point of merit. An attempt 
was made in 18]3 to use it against the English fleet 
off New London, but while proceeding to the scene 
of action she went ashore, and was blown up by 
her own crew to prevent her being captured. i 
ended the third attempt to introduce a system of 
offensive torpedo warfare. 

It was not until the Civil War of America 
brought daringiface to face with Sea , and matched 
ingenuity inst ingenuity, that the system of 
torpedo Sielave advanced to anything Meh sscee. 
It was during this war that the necessity for doing 
something on the part of the weak against the 
strong that led to their development, necessity 
being proverbially “the mother of invention.” 
The first use of torpedo boats made by the Con- 
federates was against the United States war vessel 
Ironside. This boat, which was commanded by 
Lieutenant Glasselle with a crew of three men, was 
constructed with cigar-shaped ends, and carried a 
wet a containing 60 lb. of powder attached to the 
end of aspar. The attack was a failure, although 
the shock was very severe. The torpedo boat was 
recovered and brought safely back by her engineer, 
the crew, being ignorant-of what the effect of’ the 
explosion would be, having jumped overboard before 
ramming. 

The next attempt was made against the United 
States steamer Housatonic, which was sunk by the 
explosion off Charlestown, the torpedo boat, how- 
ever, going down also. The history of this particular 
boat forms perhaps one of the most remarkable in- 
stances extant of American ‘‘ pluck” and daring, 
having drowned no less than four crews previous to 
her being manned with a fifth crew of six persons 
under Captain Dixon, for the attack against the 
Housatonic. She was propelled by a screw worked 
by a crank, which required three men sitting on 
either side to work it, making a total of six. 

Another example of the “dash” and bravery for 
which the Anglo-Saxon race are so remarkable was 
afforded by the gallant attack of Captain Hunter 
Davidson against the Minnesota. ith only two 
companions, and in a small ordinary steam launch, 
he started one evening from Richmond and steamed 
down to Newport Roads, a distance~of 160 miles, 
remaining the whole of one day up a creek under 
shelter of some bushes, from which position he 
could see the Federal gunboats passing to and fro 
along the river; and starting again at nightfall 


this the vessel carrying the boat was sunk by our| arrived in the midst of the enemy’s fleet about 2 4.M. 
guns, the introduction, as far as this ular | Here he found that the vessel he intended ramming 
upon as/ was surrounded with coai barges, so he attacked the 


scheme was concerned, cannot be look 
ul. 


having been in any degree striking her with a torpedo 








r flag ship the Minnesota, 
Nearly twenty-six years elapsed ere any further containing 53 Ib. of powder affixed to the end of a 
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spar inclined at an angle of 30 deg. The explosion 
took place in the wake of the magazine; but owin, 
to her being heavily freighted with shot and shell, 
intended for the use of the army, the explosion was 
without material effect. It is certainly a point in 
favour of fast steam launches that, although the 
attempt was made in the very heart of the enemy's 
fleet, and a heavy fire opened on him from all sides, 
Captain Davidson got clear away, and steamed 
safely back to Richmond. Many other attacks are 
recorded as having been made with similar boats, 
but all appear to have been alike unsuccessful. 

The Federals having resorted to torpedoes, suc- 
ceeded in sinking the Confederate ship Albemarle by 
means of a launch commanded by Lieutenant Cush- 
ing. The launch, however, was also destroyed, two 
only out of a crew of fourteen contriving to save 
themselves by swimming. 

When the war between the United States ter- 
minated, both sides were busily engaged in prepar- 
ing special torpedo boats, and doubtless had the 
conflict continued a short time longer considerable 
advance would have been made both in their con- 
struction and use. One remarkable attack made in 
James River on a merchant vessel that had brought 
supplies to General Grant’s army is worthy of note. 
The attack was made by three ironclad rams and 
seven gunboats all armed with torpedoes fixed on 
the end of spars 30 ft. or 40 ft. long, which pro- 
jected from their bows, and could be rai or 
loon as desired ; the expedition, however, was 
no more successful than the huge ground charge 
alluded to in a previous article, the fleet being 
stopped by a boom, two of the ironclads running 
aground, where they remained all night exposed to 
a heavy fire from the bank, the noticeable point 
being that, although their torpedoes were literally 
riddled with shot, not one of them exploded, the 
fuzes in no case being struck. The fuzes employed 
were percussion and exploded only on contact, seven 
fuzes being sometimes employed for one torpedo, 
which was cylindrical with hemispherical ends, as 
shown in Figs. 170 and 171; the method of inserting 
the fuzes is shown, and an enlarged sectional view of 
the fuze being given in Fig. 172. It isa common sul- 
phuric acid fuze consisting of a cap of lead A, contain- 
ing a glass tube B, filled with sulphuric acid and sur- 
rounded with a mixture of chloride of potash and 
white sugar C, communicating with a primer of 
mealed powder D; on concussion the lead cap was 
forced in, crushing the glass tube and thereby per- 
mitting the sulphuric acid to flow out on the mixture 
of chloride of potash and sugar, which igniting, 
fired the charge. The danger of these fuzes was 
obviously their liability to explode on contact with 
a floating log and the extreme caution required in 
handling them. To obviate this danger the Federals 
employed a torpedo made as shown in Fig. 173, which 
could be detached from the spar, the air-chamber 
A serving to keep it nearly vertical ; running through 
the torpedo was a brass tube B, having at its lower 
extremity a percussion fuze C for igniting the 
charge D, the explosion being brought about b 
jerking the line F and so drawing out the pin G, 
allowing the iron ball H to fall on the fuze, which 
consisted of a cone of fulminate. 

But as it has been found that unless the torpedo 
is in actual contact with a vessel there is a great 
chance of the explosion failing to create a rup- 
ture, the plan of firing at will has the disadvantage 
of being left entirely to the discretion of the ope- 
rator, who, under the cover of darkness, might easily 
miscalculate the distance he was from the ship, and 
so fire his torpedo too soon. It was to obviate this 
that Captain McEvoy introduced his mechanical 
fuze, a sectional view of which is given in Fig. 174, 
provided with a safety cap A; this was succeeded 
by an electric percussion fuze invented in 1871, and 
shown in our illustration Fig, 175 ; it consists simply 
of a thin metal dome A and brass bridge B resting 
on a spiral =e the seating C; the explosion 
being brought about by the concussion of a vessel 
denting in the thin metal cap, and so causing 
the metal bridge B to make contact with the two 
conductors D D pooipetin g through the ebonite plug, 
or seating G, the other extremities of which are 
connected te the poles of a firing battery placed on 
board the launch. Thus the possibility of acci- 
dental explosion is avoided by keeping the electrical 
circuit open until the last moment. is, howev 


t 
apparent that with fuzes of this kind contingencies — 


might arise—such as striking the vessel under the 
counter—where the fuze might not operate. In 
such cases it is very desirable that it should be 
possible for the operator in the boat to have the 





power of firing the torpedo at will; this is effected 
very simply and i iously by a more recent inven- 
tion of Captain McEvoy’s, which will be detailed 
in our next article. Fig. 177 represents a sectional 
elevation, Fig. 178 a mth and Fig. 179 a general 
view of a river launch similar to those constructed 
by Messrs, Yarrow and Co., of Poplar. It is 45 ft. 
long by 7 ft. 6 in. beam, built either of iron or steel, 
the plating being } in. at the keel, and x4 in. at the 
gunwale, the estimated speed being 14 knots an hour. 

The engines and boiler are provided with a steel 
sliding cover A, and B also is a steel shield for pro- 
tecting the steering-wheel and men, and also for 
throwing off the water which might come on board 
from the explosion of the torpedo. The boilers are 
of the locomotive type and possess a heating surface 
of 140 ft., the barrel plates being } in. Lowmoor iron 
throughout, with # in, butt straps inside and out, and 
double rivetted. e engines are direct-acting con- 
densing engines and work up toa pressure of 140 Ib. 
The diameter of the cylinders is 6} in., and length of 
stroke 7} in., the frames being made of 1 in. angle 
irons with #in. reverse irons, A noiseless exhaust 
chamber C is used to prevent the approach of the boat 
being heard. As only a very small surface is required 
to condense steam when the object is to avoid noise 
and not to create a vacuum, the skin of the boat is 
made to serve the purpose, the plates being merely 
increased in thickness at that point. The draught 
of the vessel is 3 ft. 6 in., and her freeboard 2 ft. 

The spar of the torpedo is shi amidships, and 
can be run out over the roller'D, a pocket being 
provided as suggested by Captain Davidson to 
allow the spar to have a greater depression than in 
the old plan of running it out overa roller at the top 
of the stern. Two stanchions E provided with pin- 
holes allow of the spar being depressed through an 
angle of 35 deg. 

e boats built by Messrs. Yarrow and Co., for 
ocean work, and intended to be navigated in any 
weather short of an absolute storm, are made on 
exactly the same principle as the one just described, 
but with greater draught, height of freeboard, and 
larger scantlings. 





NOTES FROM THE NORTH. 
GuLasaow, Wednesday. 

Glasgow Pig-Iron Market.—The pig-iron market was 
flat last Thursday forenoon, when business was done in 
warrants at 51s. 7d. to 51s. 6}d. cash, also at 51s. 94d. ‘one 
month, closing with sellers at 51s. 7d. prompt cash, and 
51s. 10d. one month, buyers offering 1d. per ton less. The 
afternoon market was flat—sellers asking 51s. 74d. prompt 
cash, and buyers —— 51s. 6d. On Fri the market 
was again quiet, and only a small amount of Leciness was 
done. In the morning 51s. 6d. cash was paid, and the 
market closed with buyers at that price, and sellers pen | 
= r ton more. the afternoon 51s. 6d. cash 

8. 
with sellers asking 51s. 6d. cash and 51s. 
—prices being down 2d. per ton as com 
paid at the close on the previous Friday. The market 
0 Se ee ee ee ee 5 

osing prices, but the slight advance was lost, and 
close was the same as on Frida y. Business was done in 


83d. one month 
ith those 


the morning at from 51s. 64d. to 51s. 6d. cash, and 51s. 9d. Mi 


to 51s. 8jd. one month; and the market closed with 
sellers at 51s. 6d. cash and 51s. 8$d. one month, buyers 
of th holtiny feeling thot. haa set i _— 
e holiday in. 

was an entire ae the Scotch national holiday. 
The market opened this forenoon, but there was no busi- 
ness done; the nominal price was 51s. 6d. cash. No market 
was held in the afternoon. It will be seen that the tendency 
of prices is still to droop, but they are now so very low 
that they cannot well be dragged own much further. U; 
till last Frida y night the of pig iron in Messrs. 

and Co.’s warrant stores was increased to 168,528 tons, the 
increase for the week being about 640 tons. There are 
still 84 blast furnaces in operation, as against 116 at the same 
time last year. It is just ble that the number pe | 
soon be still further reduced, as Messrs. James Dunlop 
Co., Clyde Iron Works, have announced of 
their ee re and they have the 
announcement with the threat that if there is hesita- 
i the part of the men about accepting they will blow 
all the} furnaces ont. This resolution seems to have de- 
termined the other ironmasters of the Glasgow district to 
consider whether they ‘ought not to come to a like con- 


any 


ey Ming Siende She senate aaa aeons, 
uring Ww! a proportion e blast furnaces were 
to be laid idle. wet A meer} and yet there is no pro- 


has 
spect of their being required again for some time to come. 


The Malleable Iron Trade—No improvement can be 
in this branch of trade. It is true, some firms are 

tolerably well provided with orders, but that is the excep- 
tion, notthe rule. One establishment ir the Coat- 
idge district (Coabs 


d. one month were quoted, and the market closed |? 
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The Bridge.—On Saturday last the few 
still oeaere on ag tes Bridge com t 
were off. The bridge is now thoroughly finished in 
every particular, so far as the contractors are concerned, 
and ready to be opened for traffic. The opening, however, 
cannot take place for some time yet, as the Dundee station 
has yet to be completed. 


Action Heavy Damazes by Mr. Scott Moncrieff.—It 
JM ‘onerlete is bringing an action 


siege ati ros 
ified for neg! wi fulfil 


question became sole licensees for 
inventions for the pneumatic tramway car e 
action will either come before one 


z 


son, or : ph peat a h 
r. solici suffrages 
of the electors of Son thes he the Radical 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES, 

MippLEsBRouGH, Wednesday. 
The Cleveland Iron Trade.—There is scarcel; thing 
worth reporting this week to the new year’s holi e 
The prices of pig iron remain the same as last week. Most 
of the finished iron works are enti , but after 

this week they will be reopened. 

The Distress in Middlesbrough.—There is a large num- 
ber of men out of employment in Middlesbrough, and the 
distress in different t. The 


Engineers and Shipbuilders.—It is erg 
what condition Mi h would have been in 
it not been for the fact and shi 

have been kept busy during the 
iron trade. 
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AIR INJECTOR FOR AIR VESSELS. 
We subjoin an engraving of W: and Lewis's 


patent air injector, a neat little vance for supplying 
air to the air vessels < re engines, &c., which is 
being made by Mr. W: Turner, of Adelphi-street, 


Salford. The construction of the apparatus and its action 
will be readily understood from our illustrations. The 
apparatus consists of a vessel A connected at the bottom b 
the pipe B to the chamber of the pump in connexionwi 
which the contrivance is to work, while at the top a pipe 
is led off to the air vessel to which air is to be supplied. 
This last-mentioned pipe is not attached direct to the 
vessel A, but to an intermediate vessel D, whieh is fitted 
with air inlet and discharge valves, as shown in the 
sectional view. On the pipe B is a cock © for regulating 
the amount of opening between the vessel A and the 
pump chamber, while on the side of the vessel A is fitted 
& glass water gauge F. The vessel A is partially filled 
with water. 

The action of the apparatus is as follows : When the 
pump makes its suction stroke, it draws a portion of the 
water out of the vessel A (the amount being regulated 
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by means of the cock C) and air then enters the up 
a of that vessel through the inlet valve in the cham 
. On the pump making its delivery stroke the water is 
forced back again into the vessel A, and the air taken in 
during the suction stroke is driven through the delivery 
valve of the eecceae into the air vessel which has to be 
supplied. © supply of air to the air vessel thus goes 
on so at each stroke of the pump, the amount in- 
jec wien pr me by the rise and :all of the water in 
=e and being adjusted by means of the cock C. 
together the contrivance is as we have said a very 
neat one, and we understand that it has been already 
supplied to several water works engines with excellent 
results, The apparatus can of course be placed in any 
convenient ition in an engine-room, and it forms 
a far more y arrangement for making up the loss 


of air by absorption than air-injecting pumps or the 
sometimes used for that 
To obtain the full benefit of air vessels it is 


somewhat cumbrous air-locks 











SPAR TORPEDOES. 
(For Description, sxe Page 14.) 
































making up the loss of air, and hence the apparatus we 
have described appears to us likely to meet with con- 
siderable favour. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
John Brown and Co. (Limited), Shefield.—The directors 
of this company have declared an interim dividend at the 
rate of 4 per cent. per annum. 


Extension of the Chesterfield Water 8 .—In refe- 
rence to the scheme for supplyi peat on the 
northern side of the nion, Mr. , the engi- 
neer who has proposed the » States the district 
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The Morley Park Colliery.—It is stated that the colli 

works at Morley Park, near Heage, which have been cl 

for several years, are about to be ed for coal 
getting, but the iron works are still likely to remain 
inoperative. 

Bradford tion Statistics.—The annual year- 
book of the ord Corporation states that the total length 
of i and paved streets in the borough is 
754 miles, and of footways 100 miles. Up to the end of 
December, 333,0001. had been t on the capital account 
of the gas works and 1,366,920/. on the water works. 


Ironworkers’ Page at Sheffield.—John Brown and Co. 
(Limited), and Charles Cammell and Co. (Limited), now 
request their and other ironworkers to accept a 
general reduction of 6d. per ton from the rates hitherto 
paid, and the men will probably accept the drop. 

The British Association Meeting in 1879.—It is probable 
that the British Association for the Advancement of Science 
will meet at Sheffield in 1879, instead of at Nottingham as 
had been at first intended. Some of the preliminary arrange- 
ments are already in progress here. 





Frencu Coat Mrnine.—There were recently 21,652 
workmen engaged in ining i 
partment of the Nord. The production of coal 
the department in 1876 presented an increase of 32,100 tons, 
as compared with 1875. 


PgTERHEAD HARBOUR IMPROVEMENTS.—At a — 
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STEEL FOR SHIPBUILDING. 
In a recent number (vide page 361 of our last volume) 
we published a report on the use of steel for shipbuilding, 
by a Committee — by Lloyd’s 


ter of 
British and Foreign Shipp’ ning. e now rabjin an 
extended report which has just been issued by the same 
Committee. 
EXTENDED Report ON STEEL FOR SHIPBUILDING. 


In accordance with the suggestion contained in our pre- 
vious report, dated 1st October, on steel, and the instruc- 
tions of the Committee, to extend our investigations on the 
suitability and employment of steel for shipbuilding, we 
leave respectfully to report as f 
We visited the works of the Bolton ‘been and Steel Com- 
pany, those of Messrs. John Brown and Co., Messrs. Cam- 
mell and Co., of Sheffield, and the Iron and Steel Works 
of the North-Western Railway Company at meres and 
have consulted many authorities on the manufacture of 
steel, including Dr. C. W. Siemens, F.R.S., &c.; and 
throughout our visit to the North, and our investigations, 
we have been uniformly received with the greatest courtesy, 
and an earnest desire been shown to furnish us with 
the fullest information as to - modes of manufacture, to 
enable us to arrive at sound conclusions on the subject 
under yo ag At the Crewe and Bolton Works, we 
had an oppo ity of witnessing the manufacture of steel 
by both the Bessemer and Siemens- processes, and 
at the latter works the material was seen cast into ingots 
after both processes, subsequently rolled into plates, and a 
series of tests afterwards made on portions of the same 
plates. At Messrs. Cammell’s Works they were not at the 
time manufacturing soft steel plates and did not expect to 
recommence for about a week, so we were unable to see 
em process, which-is on the Siemens open hearth prin- 

At Messrs. J. Brown and Co.’s Works we saw the 
Ms ole process of steel manufacture, and also a 
number of very valuable tests which are described in detail 
hereafter. 

At the Crewe Works, in addition to the steel mannfac- 
ture, we visited the engine works, where we saw the steel 
in course of manipulation, and were able to judge of the 
— of the material from the tareings, punchings, 

, and its general working. mple specimens 
were taken at random for the inspection - "t e Committee. 
The pieces experimented upon at Bolton and Messrs. 
Brown’s Works, were taken from plates made in the 
ordinary course of business, and were designed to test the 
tensile strength, ductility, the effect of tempe and of 
annealing, the effects of concussion, the limits of elasticity, 
and the relative stiffness or rigidity of steel and iron. 

They have therefore a direct , not only on the 
longitudinal and other strains of a structural nature, but 
also on the local strength and rigidity of vessels. 

Before, however, discussing them in detail, it will per- 
haps not be without indent to offer a few remarks on the 
state of the question as to the use of steel for ship- 

poms pa A as compared with ten years 8E0 3 when the prin- 


prt pes to this Society were some 
of Pths steel works, and conduct an investigation similar to 
the one on which we are at present € At that time 


** soft steel,”’'or ‘* mild steel,” as it is often termed, 
not come largely into existence as an article of commerve, 
and the uncertainties that surround hard steel, the danger 
attending alterations in its temper, and the liability to has 
brittle plates supplied were sufficient to cause and to justify 
considerable apprehension. In the first experimental appli- 
cation of the Bessemer’ process of manufacture, the quality 
of the steel and the amount of carbon it would contain 
depended upon the eye of a man who, judging by a flame, 
had to stop the ‘‘ blowing through”’ at the point when 
just the required amount of carbon was left in to form the 
steel. This gave an element of, great uncertainty, and was 
found to be impracticable in manufacturing steel for com- 
merce. To obviate this,' it was proposed by Mushot, in 
1856, to recarbonise the molten metal with spiegeleisen, 
which contains carbon and manganese. This was adopted. 
Instead therefore of endeavo to cut off the draught 
to leave a certain per cent. of carbon in the material, the 
whole of the carbon is now blown out, and a fixed quantity 
afterwards added in the form of spiegeleisen or ferro-man- 

ese ; and the indication of the time when the carbon 

been blown out is so clear that even an agp oe oe 
person would observe it, and hence ben gg A of quality 
can be obtained if due care be exercised, and 
for each charge be properly assorted. 

The er process, as is well known, consists of 
forcing a current of air through the molten pig iron, which 
causes the oxygen of the air to take up the carbon, silicon, 
and other impurities in the pig iron, and extract them in 
the form of gas and slag ;—as it is called burning out the 
carbon, &c. In some cases the iron is made in a blast 
furnace, and taken direct in the liquid state to the Bessemer 
converter without being made into pigs, and in the other 
cases the iron is made into pigs and remelted in a cupola 
furnace. The advantage of the former is that it saves the 
cost of remelting the pigs; but its disadvantage is that 
it does not admit of a selection of the material which goes 
to make the steel. By the indirect process inferior pig 
iron can be avoided, and moreover various combinations of 
pig irons, known to possess certain qualities, can be chosen 
and mixed in such pro; ms as best conduce to the 

uction of special qualities in the steel. Messrs. John 


the pig iron 


rown and Co., the Bolton Steel Company, and the North- | co: 
manufacture 


oom = ae. Company at Crewe, 
indirect process and they appear to 
le im to the judicious combina- 
Sion of different dunt of ty Sore On production of 


steel. 

They agree that it would be impossible to 
tel ot ee by gion po pad ~eany Se] 
manufacturing it direct from e ore, and it appoars tha 
attempts hove beth sande $0 to produce a soft by this 


di 
ba | 
Sledeat Genoese axeclnn al reducing the iron 
sal taba teakestale tn molten state in a gas 
termed the ‘‘ Siemens’ regenerative gas furan furnace,” at an 
intense heat ; and by the admixture iron and scrap, 
or of pig iron, ore, and scrap, the percen of carbon is 
reduced, and the other impurities are 
process differs from the Bessemer 
ares aan, oe coe an enormously 
perature passing over the surfa--2 of Se maiten motel 


invtied ad of atmospheric air being driven through Fog li pe 
beg | metal. It therefore takes considerably longer to 

the metal to the required stato by the Siement than by the 
our 


Bessemer process. In the Bessemer converter a c 
five or six tons takes from twenty minutes to half an 
to get its carbon blown out. In the Siemens 
furnace, a charge takes from eight to nine hours to redace. 
pe. the latter a _ the er, 

tinct 


charge in the first to melt, and as it is termed, * 
a bath,’’ after which Ns demas 


thrown in by ‘degrees. 

This is known as the Sinmear Martin process, the Siemens 

open hi rative process being used, but 

; — Martin having lespedueell oes some improvements in 
le 


The other process is to manufacture the steel from pig 
iron and iron ore, with a . ore addition of scrap z 


other wrought ma‘ The addition of ore in this 
cess is necessary to were oxygen - facilitate the 
tion of the carbon. 


added in the form of —— 
the Bessemer manufacture, but differing in quantity accord- 
ing to the kind of steel required. 

And here we should sation a feature of § im 
tance in the production of soft malleable steel, and whi 
is held by many (among them, those who manufacture soft 
steel by the Bessemer process) to 
rendering the production of soft maleable steel possible, but 
» * is right to add that Dr. Siemens dissents from their con- 

usion. 

They say it is almost entirely due to the great change 
wroug a by the — of stiog oochen coal instead of 
spice m as a means of importing carbon and manganese 
5 e steel after it has been ‘‘ blown down.”’ 

The difference between these latter substances is chiefly 
in the amount of manganese contained in them compared 


r- 


with the amount of carbon. It is urged by those ~ 


adopt the Bessemer process, that the iar 
so-called soft steel are due to the smallness of the pees 
of carbon in it, the almost entire absence of silicon, wit 


the comparatively large percentage of manganese. By 


using ferro-manganese, therefore, instead of spiegeleisen, 
the percentage o 
manganese is kept comparatively high. 

The particular effect of manganese on steel, isa su ject 
that has of late been recei careful attention, and i 
yet perhaps no‘ very fully erstood. It has fora ae 
siderable time been known to cause steel to run more 


had | solidly in castings, and to make it work better under the 


hammer. When the Bessemer process was first ae Sat ental. A a 


difficulty was experienced in making it p 
ful pom to the metal being spongy and ee ak until it 


the had been — out. The spiegeleisen, contain- 
ing as it did carbon and manganese in known proportions, 

enabled the required amount.of carbon to be put into the 
steel with a certain percentage of manganese. This en- 
abled hard steel to fe made with ‘ect success. Soft steel 


however could not - made, for it was found that unless a 


— quantity of spiegeleisen was put in to 
hard steel, there would not be enough manganese 
it workable. 
To overcome this, Mr. William Henderson, of G 
commenced the man of a substance to rep: 
iegeleisen, containing more manganese and less carbon. 
This was the first — of — has since 3 
ferro-manganese, and w now plays so important a 
in the manufacture of soft steel. The furnace for this 
purpose was supplied to the money formed for 
out Mr. Henderson’s patent, » by Dr. Siemens before the 
1863. A large part of the ferro- 


= 


middle of manganese made 
at that time by this company was purchased by the Bolton 
Iron and Steel Company, and Mr. Sharp, the director of 


that company, informs us that for some time his an 
ee it ere yet in the manufacture of soft 
er 
ion of ferro-manganese passed 

Tharsis Sulphur and — fa 
United Kingdom ; and to Mr. Char J 
and a few others in conjunction with Mr. Henderson for 
France, where the Terre Noire Works have largely used it 
—_— a es from them. 

@ failure of the Scotch company little was heard 


oi taetoan in this country, until within the last 
couple of ak 2 its reintroduction into this 
on the manufacturers we nape consulted = 
peo Bessemer ree, sions successful p 
duction of soft contend that the low per- 
centage of carbon so - hantinans,. wine the 
mparati large 
dm from sligon tmperi du » strength, and the other 
properties which this so much superior to 
wrought iron containi an equal nmsount ot seeee...29 And 
their proof is the quality ofthe steal they manufac. 
eee ch Rees pric 
uctility are ee be 

Doctor Siemens’ view teas 
| somewhat different. He holds tha 





feackaeneten, but so far cs wo ca nara thy have wp to 


extracted. This 
nents a Sek 


are two | 0 
processes. of these consists of making the 
steel from scrap, aa sufficient pig iron being put into pa 3 


h modes of manufacture by the 


Siemens process a eae <a See es is 
manganese, as in 


have been the means of 


carbon can be kept low while that of 


was onguested to add | oath tomy to the molten metal after 





which seems to 
i molten state to 
tions, and to give it othe it 
were, more ao The term seems to have tpn as 
from the man o! Solem , by whom — oer 


i h because 
ac. | they are of considerable interest to all concerned, and show 
the differences of view which exist. among people of the 
highest authority and widest experience, in the manufacture 
and use of steel. They are of great ecleutiie iaportance, 
— os - Sanagn be followed ones until a are eventually 

at res' 


; gt 

upon it for some years, and 
they have the largest experience of any in its i Their- 
soft steel was neti’ by the Terre ‘Noire Works and the 
Creus6t Works,* both, we understand, employing the- 


Siemens 

Following the the French Government, our own Admiralty 
sought for an Ba ge Be uctile and trustworthy material in 
this country, red into a ph the Landore 
Siemens Steel C magens Sor Se Gra material for 
Sweuewthipate be it in Pemb we ne pee! It has been. 
was entered upon, 


Steel Com, manufacturing steel b 
satisfied the Admiralty authors. 


he 
— aoe the a of the emg was based upon the 
lesire to compare wo processes of manufacture ; and 
this view is ongihoasl es ba fact one in the mev.senent 


— ships building by contract for our Government, some. 
of the steel is manufactured by the Bessemer, and some by 
the Siemens 


process. 

It is allowed by all the manufacturers that soft steel has 

been made in this country in large quantities only within 

the eyes ys ach of ? ppemr but this is accounted for rather by 

the great cost of, d absence of a demand for such a 
—- than from the difficulty of producing it, 


lication of ferro- ese, as we have said, h 
render ia production yp ew Sealine 


-y~ y process a matter 

of ease and comparative certainty, and it is used in the 

oe ke » though pres ag in smaller quantities, 
ir 


mens holds it is not essential to the manufac- 
ture of s oft steel. 
(To be continued.) 





THE Frencu [non TRADE. —There is little change to re- 
rt in the French iron trade. In the Nord, prices have exhi- 
ited any variation. The St. Etienne Steel Works 
are stetaibhe base accepted an order for plates for 25 loco- 
motives. In the basin of the Loire there is a fair demand 
for iron, and especially for iron for building purposes. 


oe pee gt pr TELEGRAPH CoMPANY. eee 








Great Nort essages forwarded ~~ the lines of th 
Northern ‘Telograr Com: in the eleven Soda 
November year was 7¢ rs as com sagged 

707, in the scorresponding period of 1876 » 8 

increase of 61,542 this year. ee tne 

increase in the business of the company i by these 

the | inenens the revenue acquired to November 30 this 

only 190,8631., as com with 194,489/, <" the cor- 

: period of 1876, ing a ° 
this 
AmeERICAN MgecHANICAL InDUsTRY.—An order for 40 

locomotives on Russian account wnytren wh guanen mete a 

per re Messrs. W. Sellers and Co. are 

re) for heavy machine tools for Russia. Another oe 

a. ting ert contract for oboin Gua} th ride met 

ment for aci 

Saree tt Seu ious thee 

m2) ’ 
have received an from the Panama 


qe 
t cars. A 4 in. Basams, Railroad Com- 
rican Transfer between Great ee ee 
ane bien Satehed. The line is 30 miles in 





the above, that 


* We have been informed since wri! 
both these firms msively by the 


manufacture steel 
process. 
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METALS. 
& 6. 
ANTIMOSY O28 (perton)— 1 © 
Regulus (Star) ceecersossores $9 © 
Basen toes & ph - 8. * 
Sheets, x eeeceesenceeres oO 
Yellow MICtAl reressresseeree = @ 64 
CasTines, TYNS AND OLEVEUARD 
(per ten)— & +6. 
— enecnereceeecseseneoeres 5 c 
CHIN Dare cn cconenwion 6§ 10 
Australian rc aa jad ° 
 Yaromnen scccssvsoomene FE © 
Bheots, &. neecee ren cee seeens i e 
i oO 
1s0m Onss s 4 
Bed nae os, Devih ™m © 
- puddling 16 © 
laon Pie ~~ ? 2 
Barrow No, 1 scecsssserseees 
” - NO. 2 ccovccccccesees rH 6 
NO. 8 ccesssesereores 63 © 
Cleveland No. Liscsecice 44 6 
_ wy Dvssrsrsserse COO 
" ” sresseremese 49 : 
wet’ Hos cor oe 
“oe 2 
(Nora Wales) ove j ° 
No, 1. 
Scotch Fis s 4. 
G.m.b., at Glasgow...» i 6 
Gartahersie .....4..0.-0-s0004 & $ 
me ecdsscssecscsereee - 69 -6 
La gloan ...ccreserrerrersree 03 6 
Carnvros rs | ae 
Oiyde. = Su 
a ee Goer is 
Calder, at Port Dundes... 99 «°° 
+ at Ar- 
OE EOe OR COR COR OOR COE $9 ° 
Eeiinion iit ditto aoe 4 4 
at ey °o 
erage oe 
a | ee 
eapiossece 6 
(The above all delivera’ She 
4 


00 oe nen eee renee 


Shro; 

North Staffordshire ..,... 

South 

Yorkshire » Thornaby pig 

Ridsdale Nos, 1 and me ee 
Iaox, WaovugutT— 

Cleveland 


ar - seveensenses 
Spanish". snneee sages seenegees vee 


PHOSPHOR Baowss— 

(DOT OWE) ccresevercesenees 
QUICKSILVER (per bottle) 
Sonar ton) — 

Old 


ls for re-manu- 
SesLTer ton)— * 
(per ton) 





S7xnGRLRisax (per ton,— 
Oe peesthnininnend 

STea. - 
Best pond ae? eeneee 
Le le BEAT .....000 
English « pring Biren: - 


OOF Ch eet eee reteesenere 


«<i rarer 0 
Bessemer 


INGOEs ... .seee00 





dked ert ge ie 


34 
4s 
$2 
4 


Sree. OCastines cwt)— 
Hyd red 


raulic cylinders in 


the — not to ex- 
cood 6 in 
Osdo. fuished 


a —— 1. 
machines, &c., 1} to toe 


CWE. 000. crcercervereececesenes 


2S 3? 


as 


cooF ° 


Zz & 
1s 
stole 
s 4 
o of 
e 7 
24 
6 e 
ae 
$ te 
665 «(C8 
76 © 
“”™ ~@ 
4 © 
8 6 
4 °° 
a. 4a, 
1 ° 
it ° 
68 (le 
64 © 
6 «0 
“3° 
oo 8 
4t © 
Pe 
oo ° 
8 °@ 
3 °@ 
No. 3. 
s. 4. 
go 6 
66° 
se 
sa C6 
s2 0° 
st 0 
$2. © 
2 0 
Ss 6 
ss (6 
gr: 6 
i ° 
° 
ss 6 
2 °@ 
). 
s 4, 
Be °@ 
i 
6s o 
100 06 e 
2 s. 
6 5 
$s 15 
e .2 
7 10 
; 12 
10 
7 15 
j ° 
° 
8 tt 
8 to 
m °© 
9 @ 
§ 15 
6 10 
m= © 
9° 
a 
8 17 
20 (8 
5 °@ 
eo 8 
se 
19 fo 
$ © 
§ 1 
fc ° 
5° 
so 
a2 (8 
eo ° 
ge (8 
7 
1m «6 
1 «6 
8 §s 
7 10 
s. 4 
a8 ° 
4 ° 
° 
4 «( 
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STBEL CASTINGS —Continued 8. 
heads, 


Side cranks, cross 
P= We anemia pm 
Tumbler bars and other 
castings for dredging 


purposes 
Swepise [20n (F.0.b.) at 
Gottenburg — 


Pig 
Bar rolled 
” waeesereeeee =F 


Tix is Senten~ 


POR oe 00 108 eee tee eee o oe 


se neces cee cenreeres ree eenees 5 
Se ed 
2 


POF 10 ne Cet ene ceeree omy 





oe reeeee ces 


innnliiaen ES 
Tin PLATES (per box) -- 8. 
LO, CDarcoal asevceessressee 32 

















Zinc (per ton) £ 
By bag eccccecccees | 83 
beter t= ‘ ein sae Sip 3s 
COALS AND COKE- 
OOALS (per ton)— 6. 
BArrow .ssssosssssesssssesseses LO 
BrIStol sessscscrssereesseseeees 
Derbyshire ..,ss0eves-ieves 4 
Newes a spemeeone © 
OSS eee 
Welsh .... 
Yorkshire... H 
OoKkE— 
Cleveland ....crcsesersesreres 9 
Durh 30 





OILS, GREASE, S CUBRICATORS 


OILs per tan) ceveseccccccccern | & 
DIOWD ..cceseee 





” 


Arch 


PLumBaGo (per cwt.)— 
Oeylon une 








‘a. 
Pritchard, Offer an rn 
COMCEREFALEd ....r0000e08 


Resin per on py: p 


TALLOW (per owt) 
N. Ameri 





sereeereseny Et 


Tan—Stockholm (per barl.) 





TURPENTINS—Spirit— 
American ( D scsscsoes 88 


WIPINGS, engine (per cwt., 


CHEMICALS, &e 


AOCIDs-— 
Senet (per Ib.) ..... 
iphuric acid (per 1b.) 


Ammonia — Muriate (per 


COM)....0seerseserceenee: sereeres 


ARSENIO— 
White, lump (per ewt.) ... 
Powdered (percwt.) .. 
= wder percwt. 
(per cwt.) 
Bunaarown (per ton)— 


reoak? BP ooo? 





on 
onu 





BOM). .ccccrcsseseseereceeees $8 
,Corran — Sulphate 
CWE.) cevrcersesccesecesererse BT 
LBAD, SaLTs, &0., (per owt.) —£ 
Acetate, best 


$5 
BrOWR in sabesescacicies 

White F 

LirmAn s (percwt)........ a5 
r 

Ib.) pccsaat os ht ° 
een kegs 

BOMDAY.cscssvssrcecervesvencee 


eter ees eeeenseeeseceeees 


eee neereneeeces 





Sopa 


® éiheatng © 


eeeeeeececeeeseee, 





FeooePeocecece 


ecccoocce 


sos Co anee0o0e oom wz 0 


© * eecee”"o oe uSSPocoo™ oF gone. 





eGl8e2 « SREBSSYE F SSumd oak” SPooe, 





eosF 


econF occooPooecccee 


ceocooeoooe 


6 
° 


° 
° 
da. 


of 


eo owoocanedco 


Reoe® g Ga0aeF o © AARP ouvoP or gums 








shes Piiataiaaaahon 7 sda. £8. 4. 
Archangel ist yellow..... 19 § 9 20 9 @ 
” 2nd 45 wee 19 10 © 16 0 © 
= x mest pated Se ae se 
WYDULE creccsreesserstrersrreee 19 0 8 IS O 0 
Petersburg & Rigs white 910 © 1010 © 
yy ee 
— deals, other 
sstscessecseeeecsssceeese 8 © @ IL 10 © 
Norway sorta 6 § @ g10 © 
Swedish deals mixed ...15 © © 17 9 © 
Swedish deals 3rd ......... "8 oo woo 
eo ere inferior 
and 460 .......0-0,. suse 1010 @ 1310 © 
(Battens 60s. than 
deals) 
Finland deals ..s..s.000008 11 § © If 9 © 
” Dattens .....0008 10 © Ir 10 © 
“a H. 8. deals it es 810 © 
” H.8.battens... 710 0 8 0 © 
(OaN DEALS— 
“Quebec iat bright pin. 63s 0 m4 0 8 
~ ove . * : 14 ~ ° 
° 
Piatl in a, 20s., “and 10s., lens or lst, 
and 3rd, respectivel y. 
Onnadian spra0e, Ia «=. 10 © O If 10 © 
” nd... 8 Oe 9 09 0 
rd we 7 OO 8B OO 
New Brunswick spruce... 8oeeo 810 0 
Ditto Dattens se....00 710 0 8 0 0 
N.8 Sa PE, isle sprace 710 @ 8 OO 
U. 8. pitch pine gneccoteese 88 SS © 88 16°C 
Aqeuen eee | load) 
Red (mixed and 
SINE) seorrorcarcoseerss § 30 eo ¢o 8° 
oS spars 4109 0 § 0 oO 
ellow pine, large ......00 eo g10 0 
Ditto waney board ...... : eo gs 00 
Ditto small creccccrsssccreee $15 0 4 8 O 
Pitch pine..,.... ; $ 0° g1 © 
se 70° 
$00 gt © 
4s$° $00 
$10 0 410 0 
410 0 gs19 © 
410° © 56 8 @ 
710 © 1010 0 
8eowsoe 
teak ...... .1010 © Ir © © 
British Guiana green- 
DOATE n.eccerserssssrreeeee 8 § 8 G BHO 
Australianironbark ...... 6 0 © 710 0 
BALTiIo TIMBER (per load) 
LIF seessesersesreneeererees § 10 0 4 § © 
Dantzicand Memelcrowu 4 © 9 § 10 © 
» Ast eee $10 0 410 0 
ODd BNd..s.ce0e e 31 0 
» common amid. aA 2% 
tienes 210 0 § 0 0 
n Undersized ..... 2 5 © 312 6 
» Small, short, and 
sreeservorsesseree 9 2 6 8 9 6 
Betti ...rccssssoprievesseeree 216 0 g§ 10 0 
BwWediad prserssesrsserrersene 210 09 215 © 
” a Bee 2§ 0 315 © 
—. orway 
Dali siccsecincevessesorescee 2 so ag 0 
FLOORING Boarps (per sq. 
of 1 in.)— 
Firat yellow....csssvreieree O14 6 Ors 6 
” sssceeesdesessesee O12 © , OTS O 
Second qualities ........ 010 © O12 © 
The above prices “at the Docks.” 





TIMBER, DEALS, ae. 


LIVERPOOL. 


PRICH LIsT OF MATHRIALS. 


WHOLESALE Paicus OF TIMBER, DEALs, &C. 
AMBRIOA. 


Faom Baitise Norta 





foot string £n4, £5, 
Quebec yellow square ,, o 1 6 2 
st,'Jonn's WB. 18 in. 28.088 
L ~ @23 @:8 
Mirassient and i 
QODBIOUF .seccsesscersserseree O ET 3 @O FT 
UCEO res.resccepessreee @ 2 eo: 
Nova Scotia Prince 
S uivcs © 3 8 © 8 
MOO TOR cccctscccecrcccee @ EB 4 *S 8 
QUADS creressereeee © 2 O O 2 
Elm 4» © 1rm e323 
Ash Oe , ertcenncereeteress © 2 6 OB 
Wee ecoomscesccsonnce @ FE 6 OO 8 
u! 
United States mm 2 46 6% 
mired, Os Jona’s, 60.85, org or 
bibectcn © 8 4 OC 2 
heer St Edward Island or4er 
DEALS AND BATTENS (per 
Petersbarg standard) 
Quebec yellow pine, ist... 20 © © a1 10 
Quebec yellow pine,2nd 14 @ © 15 © 
» ” ” g9e0c wo 
St. John, Bangor, 4&0, 
soseseccesnrectenrsee JIS @ 8 © 
other wn § § © 24s 
Jaeeeverevens scenes j 19 © _ 
i seeeenceoses oo 6158 
per fathom 
(4LE.) secrsesersessereseeseree § © @ § TO 


Saca aun cuw & 


- 
a oom COW 


From THES Unrrep Staves, EAST AND WEST 
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£ea@a ££ && 

Pitch pine planks ........ © I f ot 2 
(Por load callpe logs .. © I e323 

East indian took (per Id) 1 

q@perild) rt 0 © 12 0 0 

sencccesneteninoge 7 o yo 

een accinees £25 0, 6a © 

Bullet tree (per foot)...,., © 3 0 @ 3 6 





























_ FROM THE BALTIO, &0 
Per cb. ft, string measure) 
timber, Ted... © 1 3 Oo F 6 
Fir timber, 
WE scevsreer, © FT 7 9 FY 
Ditto, ditto, o23 013 § 
SE vkemuanaas[ 8 ss oss 
Swedish orroe8 § 
NOPWSY covrcrscsrcossicrocsess, @ OTL. OE SF 
WaINsoOoT gow calliper 
measure) 
Biga, £0., crown... . © 60066 
cceosemamreeny@: 9 O -'@ 18-6 
oak timber, 
pow So nw. OR o24 
Pit props per linealyard o o 24 9 © 4 
DBALS, &¢.— 
ah yy re beeper | 
Redwood, Archangel, and 
OB: lak 17 10 © 1810 © 
Redw Petersburg ‘Ist 1g 10 © 1710 © 
ee Wyburg........12 0 © 13 0 0 
ya Uleaborg ...,.. 11 © 9 12 9 0 
pa Gothenburg... 12 0 © I§ © oO 
e ee ee 
. © Ig 19 © 
és - eo msm .. 
a Norway... 715 @ gt0 o 
" Ditto white... 7.0 © Jt o 
magetens, &c. gg sak aed 
eo 8 of 6 
oo7 8 O10 
-e0@0f§ OOF 
co o 3h 0 © st 
bh 
os 6 ©4080 
» Pine ” 030 0 3 6 
» Hemlock ,, o323 02 °6 
a IE cerescsceccecrnsre © § 9 O § 6 
HULL, 
(Per load). 
Memel crown firtimber... 4 7 6 9 0 © 
» ” 2nd 310 0 gig o 
Migy end Dents cocses 4 0 : 450 
" v ecccee § 2 $10 © 
Swedish «= 2100 35900 
BAL cevssecsrrerene 32 7 6 BIO O 
Mining timbe I sevescesecsseseess 17 6 2 0 0 
(Per cubic — 
QUebEC O1M ..cccvorsererrssserree O 32 4 8 BD 6 
reh ww © © 9 0 23 6 
eo20 0232 
or8 @20 
Pitch pine, pas esrssgeeees O LT § OL B 
sthecssoee © FE § OL 8 
Pr Pelorsbarg saadaté 
Arch, and Onegared... 19 10 0 20 0 © 
e Pot red Sxil 8 3x3 19 © © 1910 © 
" white... 11 10 © 1210 © 
wybarg TOd...00s ° 1g 10 © 

Quebec Ist pine ° eo 

” ad ” ° 1 °°8 
” ” ° °° 
6 810 © 

Gefie and Soderham mixed 16 10 7° © 

Baltic Ist red Mooring bds. 14 5 o 1g © © 

Ditto White scseccccrcsdsieecsees IL O © IL 10 0 

Oharge for Jabour 2s. per standard for deals, &c. 

andls. 6d. per load for timber. 
WEST HARTLEPOOL, 
(Per cubic foot ) 

Dantzic ee eo 1 gf o ° 

Ditto common middling fir o 1 of o 1: 1 

Sundowall Or neercccccressoree O LT LF O LT 3 
(Per Petersburg 5 ) 

Gefle Ist red deals . 1610 © 17 0 © 
» Sad ° 1310 0 @ 08 0 
“ o 120 © 1210 © 
pn sessecsstesse 910 0 © 0 CO 
@ unsorted white 
BL. 20, ccccccccecer sovccveese ewe 10 0 0 10 3 6 

Tunadal ist red deals see 1610 0 16 § 

n DBttCD.serrvsseeeress 14 10 0 0 8 O 
a 8rd rod deals...... 11 § 0 (1m 6 
pa DAMON ssesssrseree IO § © 10 7 6 
pee 4th red deals,..... 910 © g12 6 

DATION... 810 0 B12 6 

Gottenburg 3rd red wmigee 8 8 

Petersburg ist red deals... 17 © © 18 § © 

Sand upwards, sin. x Tin 

and upWards..,.......0.060.061. 3210 © © 0 0 
tO, CittO, INE seerseesssserss 1S 10 0 8 @ OC 

re ditto, 3rd srescseseerenes TO § © 10 9 6 

Oharge for labour 2s. per standard for deals, &c. 

and 1s, 6d. per load for timber. 
WISBEAOH. 

(@er Petersburg standard.) 

Gefle Ist red deals ,,...., 17 10 09 © 0 0 
~ ae. covccsece 14 § O 54 9 6 
” ” ecoscees 13 § © 139 6 

Petersburg Ist red battens 16 5 © ©@ © 0 

2nd we 19 18 © 1415 © 
se £8. wie oy 9 6 19.5 © 
» . 3rd «1100 0080 
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THE CLAUSTHAL LEAD-SMELTING 
WORKS.—No. VIII. 
By J. Ciark Jerrerson, A.R.S.M., Wh. Sc. 


SMELTING FoR BLack CopPER. 

THE copper regulus obtained from the regulus 
smelting is subjected to a roasting under cover 
similar to that described in the last article ; the 
principles are the same, with the exception that the 
copper regulus is roasted nearly sweet. The smelt- 
ing is effected in a single tuyere spectacle closed 
hearth furnace, the molten products from which 
flow out of the furnace into the pot, the eye being 
opened when the fore-hearth is filled. These fur- 
naces are similar in construction to those used for 
the regulus smelting, but somewhat smaller, the 
tuyere is placed 2ft. 24 in. above the wall of the 
smelting house, the width of the furnace from front 
to back wall is 2 ft. 44 in. 


fig 7 











shift from 10 cwt. to 18 cwt. of black copper and from 
20cwt. to 30 cwt. of copper us are obtained. The 
regulus thus obtained is roasted and smelted again 
till the quantity of regulus left is so small, that it is 
advisable to lay it aside until the commencement of 
a fresh campaign of smelting the regulus from the 
regulus smelting. 

During the smelting, the eye of the furnace is 
kept open, and through this the slag and regulus 
flow out together, being first separated in the fore- 
hearth or pan. As might be expected from the 
respective specific gravities of the slag and the 
regulus (the former containing more iron is there- 
fore heavier than the slagsfrom the other operations, 
and the latter containing less lead is proportionately 
lighter than the regulus obtained in the previous 
operations), the separation at the surfaces of con- 








tact is very imperfect, the slag, therefore, as it cools 
is lifted off in discs, and those which solidify in 


As will be evident from the nature of the 
passed through the furnace, consisting, to a lar, 
amount, of oxides of copper, lead, and iron, and th 
highly basic character of the slags produced, the 
furnace is rapidly attacked, so that a campaign 
generally lasts only from two to three weeks. 

As we have mentioned in our article No. III., the 
cupellation of the lead produced at the smelting works 
of the Upper Hartz is effected chiefly at Lautenthal 
and Altenau, and that the cupellation of the lead at 
the Clausthal Works takes place but occasionally. 
There are at the Clausthal Works two cupellation 
furnaces, one in the building containing the us 
furnaces, and the other in the same building as the 
two detached furnaces. ‘These furnaces are uncon- 
nected with any condensation arrangement except 
a simple shaft built to a considerable height over 
the furnace, and are of the simplest construction. 
Those at Lautenthal are slightly different in con- 
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Coke is the fuel used in these furnaces, with the 
object of giving greater fluidity (on account of the 
higher temperature attainable) to the products 
of the smelting, and allowing of their more perfect 
separation according to their specific gravities. 

e object of this smelting operation being the 
separation of metallic copper, the collecting of the 
lead in a regulus, and the slagging off of the large 
quantity of iron contained in the regulus, it will be 
evident that we require for the charge only the 
addition of slags suitable to off the iron. The 
roasting process leaves a sufficient quantity of 
sulphur in the roasted regulus either as sulphide or 
sulphate (which latter is reduced in the furnace to 
sulphide), so as to combine with the oxygen of the 
various copper oxides formed ; the reaction of the 
sulphide and oxides resulting in yt = seen gs of 
metallic copper and evolution of sulphurous acid 
may be expressed as follows: 


Cu, S+2 Cu, O—6Cu+S0, 
Cu, 8+2 Cu O =4Cu+S0,% 
Cu, S+Cu 80,=3 Cu+2 80} 


The charge consists of roasted regulus and slags 
from a previous smelting in the same furnace (i.c., 
from a previous smelting of the copper us) in 
order to recover any copper left in them. For every 
100 cwt. of roasted regulus 104 ewt. of slags are 
added. The charging is effected in vertical columns, 
and not in horizontal layers, for the purpose of 
better regulating the length of the “ nose,” which 
is usually from 5 in, to 8 in. in length, and for reasons 
we adduced in a former number. 

After the smelting and roasting have been re- 

ted several times (in the case of copper contain- 
ing silver the re-roasting and re-smelting eccur from 
four to five times), black copper, copper regulus, 
and slag are obtained as pookadin n a 24 hours’ 
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contact with the regulus are put back again into the 
furnace. 

The regulus in like manner, as it solidifies, is lifted 
off in discs. As we have just mentioned the pro- 
ducts from this copper regulus smelting are, b 
copper, a thin copper regulus, and slag. 
he black copper (so-called from the black coat- 
ing of oxide) is an alloy of copper, lead, iron, zinc, 
silver, and antimony containing from 80 to 95 per 
cent, of copper, and the other metals in varying 
quantities. ean of arsenic, nickel, and cobalt 
also usually occur. The colour of the fracture of 
the black copper, sometimes red-blue, sometimes 
bluish-grey, varies according to the amount and 
constituents forming the impurities; it is usually 
hard and brittle from the presence of antimony, 
arsenic, and zinc. The black copper is sent to 
Altenau,’where it is either refined and smelted for 
‘* gaar” copper, or it is granulated and then treated 
with sulphuric acid for the manufacture of copper 
vitriol, and the residue containing the silver is 
smelted with litharge, and the resulting argentiferous 
lead is cupelled in an ordinary cw tion furnace. 
The nt contains from 50 to 70 per cent. of 
sulphide of copper, the fracture is usually greyish. 
The regulus after roasting is always passed through 
the furnace agein. 

The slag is highly basic in character, containing 
a large quantity of oxide of iron, is of a dark black 
colour, its fracture is sometimes foliated, sometimes 
radiating ; it contains from .05 to 2 per cent. of 
copper, woh prow 5 part being due to mechanical 
admixture of particles of the regulus; that which 
contains the largest amount of copper is put back 

remainder is used 


plien Nig Ba fo 
ong wi e Oker in i 
and the rest forms the charge for ake 





struction, and are connected with an arrangement 
of condensing chambers, which is also common to 
the smelting furnaces, and it is these furnaces which 
we shall describe, and which are shown in Fig. lin 
elevation, Fig. 2 in plan ; in Figs. 3, 4, 5, and 6 the 
condensing chambers are shown in longitudinal 
oe plan, side, and sectional elevation. In 
these 


a represents the flue from the smelting house to the con- 

b ,, the flue from the cupellation furnace to the 
tion chamber. 

» 


c 
d 


pans: 
iron standards for ditto. 

openings to afford access to the chambers 
to clear away the fume which has col- 


canals for carrying off the smoke from the 
c tion furnace. 
a short vertical flue by which the fame and 


smoke pass into the canal (a). 
an 
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valve to regulate the drangh 


ipe for carrying off the fume from the 

* opening where the molten abstrich over- 

holes left in the brickwork for the tuyeres. 

for the overflow of the abstrich, 
of the furnace. 


a.e. 


seasoz =~ 


The ion furnace is built of brick. As in 
most of the German furnaces, flues are 





roasted copper regulus. 
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the brickwork of the flues a solid bed (0) of slag 
bricks or slag is well s down. As the 
of the cupellation furnace is concave, this bed of 
slag is thinnest at the centre, being there about 9 in. 
thick, but increasing to 20 in. in thickness near the 
sides, Upon this bed of slag a Jayer of firebricks 
a me Gin. thick forms the t bed of 
furnace. The furnace is 8 ft. 10 in. in diameter, 
and the concavity of the bed (i.¢., the depth of the 
centre of the below the level of the edges) | ft. 
Upon this permanent bed comes the lining which 
has to support the charge of modten lead ; this lining 
must be composed of a material which has no 
chemical influence on the lead or oxide of lead, and 
besides being homogeneous in character, should not 
alter in form or composition by the heat to which it 
is subjected. Marl unmixed is the substance. used at 
Clausthal. Its composition as given by Kerl. and 
Wimmer is shown in the following analysis. Si O, 
21.22, Al, O, 6.41, Fe, O, 4.04, COCaO 66.14, 
CaO MgO 2.22. This marl is well pounded, and 
then thrown upon an inclined sieve ; after being 
sifted it is well mixed to render it perfectly homo- 
geneous, and at the same time moistened until when 
pressed together it will adhere in lumps, It is then 
read over the bottom, and stamped down till it is 
about 6 in, thick in the centre and 7 in. at the circum- 
ference, as the gy HY of litharge is greatest near 
the circumference. The fireplace is 18in. wide by 3 ft. 
long, being placed lengthwise next the fire bridge, 
which is about 8in. above the level of the edge of 
the furnace bed. ‘The flue from fireplace to the 
furnace is 15 in. high and 3 ft. long; wood is the fuel 
used, The total height of the Sean above the 
level of the circumference of the firebrick bed is 
about 34in. The cap or cover (q) of the furnace is 
constructed of hoop iron, and to prevent the rapid 
destruction of the cover, the hf seers is lined or 
tered over with loam, the inside of the cover 
ving bent projecting pieces of hoopiron by which 
the lining is held better. The cover is first placed 
on the furnace after the pigs of lead have been piled 
on one side of the bed. From Fig. 2 it will be seen 
that the fireplace door, and the working door or 
breast of the furnace over which the litharge flows, 
are near together, and very conveniently situated 
for the workman, who can at the same time observe 
the state of the fire and the condition of the furnace. 
Just above the breast of the furnace a small hood is 
laced on the outside and connected with a pipe (4) 
or carrying away the fumes coming from the molten 
litharge as it overflows; at the side of the furnace 
opposite the fireplace four flues communicate with a 
short vertical flue 13 in. by 36 in., which s down 
to the cross flue (s) communicating with the large 
longitudinal flue passing under the floor in front of 
the furnace to the condensing chamber. At the 
back of the furnace are the tuyere holes, in which 
the ends of the blast pipes are in . By means 
of short flat pieces of sheet iron hung hefore the 
mouth of the blast pipe, the current of air may be 
made to sweép over the surface of the molten charge 
in a diréction thought proper by the workman. 

The condensation chambers consist of an arrange- 
ment of flues in a large rectangular building. e 
flue leading from the cupellation furnace to the 
condensation chambers is about 5 ft. wide, and 
about 5 ft. in height, being arched atthe top. This 
flue enters the chambers at b. The flues of which 
the chamber consists are each (except the first which 
the fume enters, and which is 5 ft.) 6 ft. 10 in. wide, 
and 13 ft. 6 in. high to the underside of the arching. 
The walls of the flues are 104 in, thick, the outer 
wall of the chambers being 21 in, thick. The fume 
after having entered at 5 passes along the flue | to 
the end, when it returns back along flue 2; its pro- 
gress here is checked by an upright wall in the 
centre 5 ft. 10 in. in height; after arriving at the end 
of flue 2 it turns round again and passes along flue 3, 
and in this flue the upper portion of the current 
receives a check by means of: a cross wall built 
upon an arch, and extending downwards to a 
height of about 7 ft. 9 in. above the floor of 
the flue; on arriving at the.end of flue 3 the 
current again reverses its course, meeting with 
another mid wall, and so on.«till it passes out 
from flue 7 into the chimney. The extreme length 
of each fiue is about 77 ft., and the total length 
traversed by the current from its entrance into the 
chambers at 2 to its exit up the chimney at ¢ is about 
560 ft. The fume from the smelting-house passes 
along and enters the chambers by the flue marked 
a. ‘This flue is about 6 ft. 6 in. wide and 5 ft. 10in. 
in height. The fume from the smelting furnaces is 
kept separate from those from the eupellation fur- 


naces, and 
bed | flue 8 and the 


at once without obstruction along 
end flue 9 direct to the chimney. 
The total length traversed by the fume from the 
smelting {arnaces after its entrance into the con- 
densation chambers to its exit up the chimney is only 
about 150 ft. 


HYDRAULIC MINING IN CALIFORNIA. 





By T. Eauesrton, Ph. D. 
Srom page 487, vol. xxiv.) 
WorKING— (continued. 
UNDERCURRENTS are sometimes on alter- 


nate sides, sometimes on the same side, and some- 
times on both sides of the sluice, according as the 
exigencies of the case, or the lay of the ground 
demand. When placed on: both sides, the sluice 
will have to be narrowed twice as much, ‘This is 
specially n in those, cases where there is 
not sufficient grade. The diminution in the velocity 
of the stream makes it possible to catch on the under- 
current a considerable quantity of the gold which 
would otherwise be carried along in the main 
sluice and perhaps lost, or at least not so quickly 
caught. 

Generally the undercurrent and main sluice dis- 
charge into what is called a drop-box. This drop 
D (see page 485 of our last volume), is several 
times wider than the sluice, and is built of very 
heavy timber, framed so as to resist great pres- 
sure, The height of the fall will, in many cases, 
be regulated somewhat by the length of the 
undercurrent, which generally discharges into it 
directly over the sides of the drop; but in 
others, itis determined by the lay of the ground, so 
that the undercurrent will discharge from an end 
sluice. Where a fall of 40 ft. to 50 ft. can be 
found, the drop is placed directly under the main 
sluice, which from one side is continued either at 
right angles to its former direction, or if the lay of 
the ground will permit, in the same direction, the 
drop-box being only narrowed for the continuation 
of the sluice. 

As the drop-box is destined to be a permanent 
structure, it a very heavy stone pavement 
which is 4ft. to 5 ft. below the level of the main 
sluice. The bottom of the drop is considerably 
deeper than the continuation of the main sluice, the 
object of it being to catch any heavy material such 
as gold and amalgam. 

‘The continuation of the main sluice over the drop- 
box E (see page 485 of our last volume) is called 
a ‘* grizzly,” and is only applicable when the sluice 
is near a precipice of 40 ft. to 50 ft. in height. 
Its object is to remove from the sluices the large 
sterile matter, which the current carries along 
with it, but which only serves to encumber the 
sluice, wear out the pavement, and break up 
the amalgam. To provide for it, the sluice is con- 
tinued as usual until it projects a little over the 
drop-box. An inclination of 25 to 30 degrees is 
then given to the sides which are carried com- 
pletely over the drop-box, ae mar | far enough 

yond the precipice to insure the discharge of the 
stones over it. ‘The bottom of the sluice from the 
point where the sides begin to incline, is made of rail- 
road rails placed 6 in, apart. All the material carried 
by the sluice comes over the drop-box, and all the 
water and the vel of less size than the distance 
between the rails, falls through the bars into it ; 
while the stones are caught and easily slide over the 
precipice. By this simple contrivance a large 
amount of useless material is got rid of. 

_ When the claim is not being worked, it will be 
most economical not to let the sluice stand dry. A 
small stream of water should be kept constantly 
running through it, so as to keep the joints tight. 
When allowed todry the cracks open, and may be a 
serious cause of loss, both of mercury and amalgam, 
when the claim is opened again for working. 

These undercurrents, drops, and grizzlies are re- 
peated in the course of the sluice as often as the lay 
of the ground will allow, or the jadgment of the en- 
gineer may dictate. Beyond them the tail sluices 
are continued to some stream or ravine, where the 
refuse may be deposited. This part of the sluice 
demands good judgment in its location. It must be 
put upso that it can be easily added to, taken down, 
and its direction changed if necessary, and yet the 
location must be made with a view of being perma- 
nent. The enormous amount of material to be de- 
posited demands the greatest foresight, and also an 
accurate knowledge of engineering veers we since it 
is not always possible to tell beforehand exactly what 
effect the sand will have, and exactly how it will 





be deposited. This is more particularly true when 


several claims “‘ tail” the one over the other, as they 
sometimes do. When such dumps give out, it 
is war the lowest claim that is closed first; if 
owned by the same a upper ones do not 
work while the lower claim has a dump. It may be 
ible, by constructing a tunnel, to carry the tail- 
ings into ravines from which the spring freshets will 
clear them, and this should be done if no other 
outlet for them can be found. The usual way of 
disposing of the tailings is to carry them to some 
large:river, which will generally carry them off. 

Mr. Bowie cites an instance on the Inolumne 
River, where a stream over 500 ft. in width, witha 
channel 14 ft. deep in the centre, and a fall of 18 ft. 
to the mile, was in twenty-one months entirely filled 
up, so that the water y ran over the bed of the 
river. In 1875-6 the freshets washed the river clean, 
since then 261,000 cubic yards have been ‘‘hy- 
draulicked” into it, and the stream is now only 31 
wide and 1 ft. deep. The shafts, tunnels, sluices, 
and dump having been provided for, the mine is 
ready for working. This may be done by water 
alone when worked on a small scale; but when on a 
large scale by water and powder together. In both 
cases the supply of water should come from the 
greatest possible elevation. 

The object of the powder is —-~ to make the 
work of the water more effective. hen the ground 
is very hard or —— so that the jet does not 
easily affect it, or when the banks are worked so 
high that the nozzle cannot with safety be brought 
near enough to the bank to do good work, or when 
it is desirable to wash a large quantity in a very 
short time, the ground is blasted for the purpose of 
shattering the bank, so that the loosened earth may 
be. washed away with a less expenditure of water 
and time. 

“Bank blasting,” as it is called, may be done 
from shafts or from drifts. When done from drifts, 
it may be of almost any magnitude, the length of the 
drifts depending upon the quantity of ground to be 
broken. When done from shafts, they are necessarily 
more or less limited, In the former case one or more 
cross drifts, depending on the size of the blast, are 
always run across the end and middle of the main 
drift; the end one should be about half the length 
of the main drift; the auxiliary, if there are only two, 
may be placed about half way, and will be about 
one-third its length. The length of the main drift 
will usually be about the height of the bank to be 
blasted. When ashaft is used, it is either simply 
enlarged at the lower part so as to be more or less 
bottle-shaped, or short drifts are run from it at the 
bottom ; these are generally used for small work. 
When the bank is 80 ft. to 120 ft. high, the main 
drift should be about the length that the bank is 
high. It should be as small as it can well be worked, 
about 4 ft. high and 3 ft. wide. For such a drift as 
this about 600 kegs of powder, containing 25 lb. 
each, will be used, two-thirds of which will be placed 
in the cross drifts at the end of the main drift, and 
one-third in the auxiliary drifts, placed about half 
way. If the main drift was only 80 ft. to 85 ft. long, 
400 to 500 kegs of powder would be used; if the 
banks were 250 ft. high, from 1500 to 2000 kegs 
would be required. The powder is generally emptied 
into long boxes, and is fired by electricity, the fuzes 
being p at equal intervals, so that one fuze 
corresponds to about 50 kegs of powder. 

In many cases, however, this is not done; the 
heads are simply taken out of the kegs, and a fuze 
inserted in each one, This method, as it multiplies 
fuzes, rather increases the element of uncertainty 
as to the combustion of the whole of the powder 
employed, The object of having large receptacles 
is not only to secure complete combustion, but also 
a simultaneous ignition of the powder. Where 


danger from water is on proee ed, the boxes in 
which the powder is should be painted with 
tar, in order to make them perfectly secure, and the 
holes for the fuzes made in the top of the box, and 
then closed and coated with wax. Wires connecting 
with the battery are now placed in position, and the 
main drift securely closed at the first cross drift with 
heavy timbers, and filled up with damped sand to 
its mouth. The discharge is made by an electrical 
apparatus. 

A great area of ground can be broken in this 
way, the drifts and cross drifts being arranged for 
the purpose. The quantity of powder should 
always be calculated in such a way as to do the 
work thoroughly. It is better to use more powder 
than less, as the extra powder will more than pay 
for itself by the loosening of the ground. Economy 





in this direction is generally very expensive, since 
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too little powder would not repay the cost and time 
of driving the drifts and cross drifts. Shafts with 
one or more drifts at the bottom, or sometimes 
simply enlarged, are used to loosen small patches of 
ground, or exceptionally to loosen the upper gravel, 
when the lower stratum consists of a heavy cement. 
In such a case the top is worked off in this way 
first, and the bottom then blasted with drifts. 
These shafts are usually 4 ft. to 5 ft. in diameter, 
and when the connexion is made, the shaft is closed 
with the material which has been taken from it and 
thrown out at the sides. 
All sorts of explosives, such as dynamite, giant 
a &c., have been om ta | used for bank 
lasting, but powder is generally the favourite, on 
account of the ease and safety of transportation. 
As much as 2500 Ib. of giant powder have 
been used in a single blast of this kind, and from 
75,000 to 100,000 cubic yards of earth so broken up 
as to yield easily to the nozzle. 
(To be continued.) 


AN ENGINE TRIAL. 
(Concluded from page 6.) 

Brakes.—In order that the indicated horse power 
might be compared with the useful work really 
done, two brakes were fitted up, each capable of 
pes up 100 horse power. These are marked A 
and B in Fig. 3 (vide page 5 ante), and are shown 
separately to a larger scale in Figs. 7 and 8 on 








midway between the two extremes. The trial 
lasted about eleven hours. 

Second day (November 21). The difference be- 
tween the maximum and minimum work was about 
15} horse power. The mean for the day is some- 
what less than the mean of the two extremes. After 
stopping work in the evening the space between the 
jackets and the exterior lagging of wood and sheet 
iron was packed up with waste. The duration of 
the trial was eleven hours. 

Third day (November 22). In the course of the 
day the mercury gauge connected with the jacket 
got out of order; the pressures taken to replace 
those not obtained were the means of those of four 
other days. The difference between the greatest 
and least horse powers was about 224, and the mean 
between them was sensibly equal to the mean for 
the day. This trial also lasted eleven hours. 

Fourth day (November 23). During the morning 
of this day (53 hours) work went on under condi- 
tions the same as those of the three previous days. 
The afternoon was spent in making - imi y 
trials with a heavier load, it being intended to wor: 
the engine on the next day up to the greatest power 
for which the boilers would supply steam. e ad- 
ditional work was got simply by utting on the 
brakes, unloaded. The record of the afternoon’s 
work was taken just as before, but as it was very 
irregular at times (owing to want of water on the 
brakes) it is not included in the averages. It was 





———— 
during this time were sensibly the same as those of 
the first four days. 

Record of Observations and Results.—The official 
report of these trials is accompanied by lange sheets 
containing the “log” of each, but the only results 
worked out are the means of certain columns and 
the quantity of water used per horse power per 
hour, It is so seldom that a trial of such magni- 
tude is carried out with such care and success 
as in this case that we have thought it worth 
while not only to print complete summaries of 
the logs but also to work out (Table IL.) a number 
of interesting results not given by the experimenters 
themselves. The complete form in which the 
records have been published in the Bulletin de la 
Société Industrielle have rendered this possible, and 
the consistency of the results thus obtained says a 
great deal for the acc with which the experi- 
ments must have been e. 

Observations.—Table I. contains a of the 
logs, with some additions, It will be seen that the 
steam pressure was very nearly the same throughout 
the week. The mean boiler pressure during the 
four first days was 55.9lb., during the fifth day 
57.9 lb. The jacket pressure averages about 5.2 lb. 
less than the boiler pressure, The much 
difference on the third day coincides with the de- 
rangement of the gauge (see above), and ought pro- 
bably to. be disregarded. There has possibly 
some arithmetical mistake in the figures inserted on 
























































































































































































































































the next page. Each consists of a cast-iron noti that whenever the brakes were on the | this day; at least, they do not at all appear to be 
TABLE I.—OBSERVATIONS. 
° a ’ 
INDICATED HORSE CONDENSING AND DISCHARGE WATER FROM 
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November 20 ...{11 3 |55.8| 50.9 | 43,0 |3,58|82.8/ 7.38 | ... | 27.4 | 39,24] 327 | 57.6 | 66.1 | 123.6] 81.6 | 2678 | 56.85| 72.81| 15.96] 3.37 | 2565 | 239 | 527 66 | 668 |, | OO 
» 21 ../11 0 |55.8| 50.4 | 43.7 |3.29/34.0| 7.84 | *. | 27.7 | 39.38] 328 | 59.3 | 68.9 | 1982] 92.8 | 2796 | 56.47| 72.83 16.36] 3.35 | 2556 | 266 | 466 55 «| «648 (| 58.1 | 99.9 
», 22 110 [55.9|(63.4) | 44.0 |3.29|83.9| 7.89 | 262 | 27.8 | 39.47| 329 | 60.1 | 70.5 | 130.6] 83.9 | 2834 | 54.83| 70.83| 16.50| 3.36 | 2560 | 281 | 398 64 | 42 | 45.5 | 294 
» «=: 98 2..| 6 44 |56.8| 50.9 | 448 [R98 \84.7| 7.96 | 26.1 | 27.7 | 39.65] 330 | 611 | 71.7 | 182.8| 74.6 | 2862 | 48.48) 66.05| 17.57| 3.19 | 2488 | 273 | 511 54 | «(98 | 48.4 | 294 
» «= MH ILO [57.9] 51.0 | 545 [419/449 11.93 | ... | ... | 39.67] 331 | 78.5 | 99.8 | 178.3] 91.7 | 3588 | 52.37| 75.02| 22.65) 3.31 | 2539 401 47 | 41 | 455 | 998 
» 25. | 6 15 |57.5| 52.0 | 43.7 |3.48 |88.9/ 7.68 | 25.7 | 27.5 | 39.45| 329 | 58.7 | 68.9 | 127.6] 77.6 | 2742 | 57.09] 74.48] 17.34] 308 | 2483 | 283) .., we | oe | 48.5 | 284 
TABLE II.—RESULTS. 
STEAM PER INDICATED Horse Powsk PER Hour. -—— HEAT PER INDICATED Horse Power, : § |assovurs Parssuns. 
ala) | 
‘ to > ‘ 1 Oo ‘ r 24 ' 
a fe] s/4 [4 | hele |3 i iy s |3 ‘ E a. 
3 Zig & 1° Es a |P | 8 
;\— fag || Ba | Es E ~ ioe gis |ilé 
Date of Trial.| $B | = “3 E a Se S F ? 2. ag Bie e > 
| og as ad . | 3 g oO ies] ot mn oS . a Ss 
m | SS ise! 8 8 5 aQ 5% SS b= ssi = s 
ea abl ab la DULG) 8 ela. lal a 
= | ee lees| 9/82 | 22/2 Ie su/2 | 2/_ |33/8 ,| 8 | 83 s 
'2eiga%| 8 | 38 8 E. .|3S}ou] & a 5 
beh eeg 2120/20] ob MalPE/ST a Pla le EE HIB) E lala dl dala 
= 2 
| Re eS) 2 | we | we | oF eR EE ES] GB | SSF eee) § |S les ise! § ae) 4 3 
29, | 30 | 31. | 92. | 38 | go | 35. 36. | 37. | 88. | 39. | 40. | 41. | 42 | 49. | 44. | 45. | 46. | 47. | 48. | 49. | 50.) 51.) 52, | 53. | 54 | O65. 
Ib. | Ib. | Ib. | Ib. Ib, HPlb, LP.) Ib | Ib. | Ib. | Ib, |Units.|Units.|Unit .|Units.|Units.|Units.|Units. | Unite,|Fabr. |Fabr. lb, | Ib | Ib, 
November 20 | 21.65 18.37] 20.07| 20.50| 16.42 | i7.24 | 1.88 | 0.48 | 1226 | 66.7 | 402.0| 42.76] 6.78 | 7.48 |826.3 | 18.7 | 4.65 | 95.75| 72.8 | 802.8 |.802|.106| 002 | 14.93 | 70.03] 65.18 
» 21 | 21.81 18.04] 19.86| 20.93| 17.08 | 1845 | 2.07 | 0.87 _| 1179 | 65.4 | 401.2| 42.76] 7.08 | 6.32 | 321.5 | 23.2 | 5.78 | 28.35) 72.8 | 302.9 |.802|.106| 652 | 14.98 | 70.08| 64.68 
- 22 | 21.70 17.84] 19.71| 20.03] 16.56 | 17.34 | 2.15 | 0.32 | 1158 | 65.0 402.2| 42.76| 7.77 | 5.53 | 818.5 | 27.6 | 6.86 | 29.44) 70.8 | 303.1 |:804|-106| #48 | 14.38 | 70.98) 67.78 
~ 23 | 21.55 18.00] 19.90| 20.30| 16.59 | 17:11 | 2.06 | 0.89 | 1106 | 61.4 | 402.7! 42.76| 7.67 | 7.27 | 323.8 | 21.2 | 5.26 | 28.20] 66.0 | 308.5 |.811/.106| ser | 14.88 | 70.68] 65.98 
a 24 | 20.10 17.72) 19.41| 19.64| 17.27 | 17.94 | 1.88 | 0.98 | 837 | 47.2 | 370.8 42.76] 4.60 | 3.94 |814.6 | 4.9 | 132 | 1819) 75.0 | 305. |.908/.116| 009 | 1483 | 72.83] cess 
‘“ 25 | 2149 18.24| 20.19) ... | 1669 | 17.75 | 292) ... | 1198 | 61.7 401.7 | 42.76] 8.20 | .., | 826.0 | 23.7 | 5.90 | 0.36| 74.4 | 304.6 |.801/.106| 248 | 1438 | 71.88) 65.98 
31} in. in diameter, embraced top and bottom by a | initial pressure in the diagrams rose above the pres- | (as intended) the mean of several other days, 


wooden block 15? in. wide. The lever arm is 12 ft, 
1.08 in. long. The velocity ratio of the brake shaft 


to the crankshaft is or 3.05 nearly. 

Indicator Trials.—We give in Tables I. and II, a 
summary of ‘the observations made at the indicator 
trials and the results deduced from them, The 
trials extended over parts of six consecutive days, 
November 20 to 25 (inclusive), 1876. On five of 
these days the work was substantially the same, on 
the other (November 24) it was increased about 40 

cent. The followimg are notes of some of the 
incidents which it has been worth while to record. 

First day (November 20). The note of direct 
measurement of the feed water was corrected by 
the reading of the counter attached to the donkey 
pump, an error having been discovered in the 
numbering of the consecutive tanks, 

The difference between the greatest and least 
horse powers was about 14, the mean lies sensibly 


sure shown by the gauge on the jacket. 

Fifth day (November 24). During the whole day's 
work (11 hours) the engine drove the two unloaded 
brakes as well as the machinery of the mill and 
worked quite satisfactorily. The difference between 
the maximum and minimum work was about 
224 horse power, the mean of the extremes and of 
the whole day being sensibly the same. The same 
inconsistency of pressure as on the previous day 
was again found to exist. The indicator springs 
were changed; but it remained unaltered, The 
observers therefore concluded that the mercury 
gauge was not acting SS 

Sixth day (November 25). It was intended that the 
last day’s working should be simply a repetition 
of the first three, but unfortunately during the 
morning the packing of waste put round the jackets 
caught fire, and the engine had to be stop 
Only the afternoon’s observations, therefore, 
(54 hours) could be recorded. The conditions 





olumn 5 shows that (except on the fifth day) the 
initial pressure was a out’ 19 lb, below tne "boiles 
This was chiefly due to throttling, as the - 
cards show. The discrepancy on the fifth da 
between the jacket and foitial pressures we 
refer to further on. Columns 5 to 12 give the usual 
iculars as to pressures and speed, The vacuum, 
it will be seen, was good, It seems to have been 
very steady, excepting vf on the fifth day, when 
it was very uneven, and did not correspond with the 
diagrams at all. On three days a gauge was con- 
nected with the exhaust, to record the vacuum there 
as well as at the other end of the somewhat long 
exhaust pipe, The back pressure, however, is nearly 
double as great (com Columns 6 and 9) as 
corresponds even to these ings. It is, i 
considerably greater than would have been e 
from so good a nominal vacuum. Column 1! shows 
that the piston speed was moderate, ave 





vi 
only 329 ft. per minute. Celene 13 and 14 
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this quantity of heat + (97.4—72.8)= 24.6 units 
on account of the di taking place at 
72.8 deg. and not 97.4 deg. Every pound of steam 
condensed, therefore, rejects 1040 + 24.6=1064.6 
units. From Columns 19 to 21 it will be seen that 
every pound of injection water takes up 15.96 units 
in its passage through thecondenser. As the whole 
heat rejected by the steam is the same as that taken 
up by the injection water we can at once determine 
how much of the whole mixture discharged is con- 
densed steam and how much injection water, for we 
have, for any given quantity of discharge water, 
Weight of injection water x 15.96=weight of condensed 
steam x 1065, 


from which we find that the discharge of 2565 lb. 
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: Pressure ur Steam Jacket 
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rimenters, which we shall now describe. Let H 

the total heat received in the boilers by each 
pound of water evaporated, and the number of 
pounds evaporated in one minute, further let L be 
the latent heat of one pound of steam at boiler pres- 
sure and temperature, ¢, and ¢ the temperature of 
the steam and feed water respectively, then the 
quantity of heat expended in the boiler per minute 
would be equal to 

« H=e« (L+#, —ty), 

if all the steam actually did work in the cylinder.* 
But a part of the steam is condensed in the jacket, 
&c., without doing any external work, and the heat 
received by each pound of this steam at ¢ is not L, 
the whole latent heat of steam at that temperature, 







Ft9.18 Soe’ 














tion and discharge respectively, we can put for the 
heat rejected through the condenser . 
(Q-e+a)(t-t) . . « (2) 
One horse power is equivalent to 42.76 thermal units 
r minute, so that oe P for the indicated 
horse power), the heat turned into work per minute 
is 


2 RR ee ea 
The heat accounted for by the water dabested 
from the jacket and pipes must, of course, be equal 
to that which would have to be added to the same 
quantity of water at its original temperature (é, ) to 
raise it to the temperature of the steam in the jacket. 
Calling the latter % , this quantity of heat will, 
therefore, be simply 
a(t) — tr) . - & 
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per minute (Column 22) consists of 2527.1 Ib. of the 
former and 37.9 Ib. of the latter, the ratio being 66.7 
tol. We can from this at once obtain the result 
givenin Column 31—pounds of steam condensed per 
horse power per hour—in this case 18.37. This is, 
of course, exclusive of condensation in the jacket. 
To get a quantity to compare with Column 30 we 
must add in both the steam condensed in the jacket 
during work, and that condensed in the jacket and 
se while standing. These are given (per indicated 

orse power per hour) in Columns 36 and 37 re- 
spectively, the total for the first day being 18.37+ 
1.88+0.43=20.68 lb. to compare with the 21.65 Ib. 
obtained by direct measurement, which, of course, 
included alt the priming water, which we have had 
to leave out of consideration altogether. 

Column 32, Table II., contains the quantity 
of steam used per horse power per hour cal- 
culated on a plan similar to that used by the ex- 





Fig.14. PEO’ ig€.18. wm Fig-22. past of Small. 
Front of Large Frent of Lerge. Front of Large. 
=e 1 aod 
Vacuum Line Vacuum Line J Ve. Line 
05 0 oe “aS, eo 670) «=—80lbs 


but only the quantity usually called I, the “ internal 
work.” Calling, then, 2 the whole quantity of steam 
formed per minute, and @ the quantity condensed 
without doing external work, we may write for the 
whole expenditure of heat per minute, 
(w—a) (L+t: —ts)+a(I+t—-t) - _. (1) 

Of this heat we have (a) a part rejected in the 
condensing water, (4) a part turned into work, and 
(c) a part accounted for by the water drawn from 
the jacket and pipes, while in our case we have also 
a small quantity of heat carried off by the condensed 
steam at the temperature of discharge. If we put 
Q for the whole yy of water discharged per 
minute, and /, and ¢s for the temperatures of injec- 





* This assumption has been made by the French ex- 
perimenters in working out their results. It does not lead 
to any considerable error, but it is about as to use the 
| ——— —eiaaaanmaeaes te figures, and this we have, there- 

‘ore, done. fe wy wee 














By the expression (2) we accounted for all the 
heat carried off in the condensing water. But with 
this water, at #3, there is mixed condensed steam, and 
as ¢ is lower than ¢,, the original temperature of 
this condensed steam, it carries away with it a 
quantity of heat oe ys expression 

a—a) (ta—ty P ° . 
the value of which is, of course, negative, t, being 
greater than /,.* 

£quating (1) to the sum of (2), (3), (4), and (5) 
(ie. the heat expended to the heat rejected an 
utilised), and making a few simple reductions, we get 

pew | (t, —t,) +a (L—1+t) — t,)+42.76 P 





L+t.—t 
all the quantities on the right-hand side of the equa- 
tion being known. It is from this equation that the 


equivalent to 
the equation, #.¢., 





a ioualy, ey ae 
wal a ere 
pended. 
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es (values of x) in Column 32, Table IL, were 

culated. Adding to them the figures in Column 37, 
the water accounted for during stoppages, we get 
Column 33, which is comparable y with 
Column 30. The differences will be found to be in 
every case (except the fifth day) a little greater than 
the differences between Column 30 and the sum of 
Columns 31, 36, and 37. 

For the sake of com m we have worked out 

proximately, and given in Columns 34 and 35, 
the steam per horse power per hour from the indi- 
cator cards, allowing, of course, for the steam re- 
tained every stroke by compression. The steam 
was measured always at release on the diagram, and 
it will be seen that, as is usual where the low-pres- 
sure cylinder is jacketted, a certain amount of re- 
evaporation has taken place in it. On the average 
the low-pressure cards show 5.2 per cent. more 
steam than the high-pressure ones. The steam 
accounted for even by the low-pressure cards, how- 
ever, remains some 17 per cent. below the figures 
of Column 3v. 

Columns 38 and 39 relate to the condensing 
water. The latter, which has been calculated in 
the manner already described in speaking of 
Column 31, shows that the quantity of condensing 
water has been unusually large, it averages more 
than four times the quantity theoretically necessary. 
An equally good vacuum is often maintained by 
a much smaller quantity. 

Columns 40 to 47 have been worked out to show 
in detail how far the experiments have actually 
accounted for the whole heat passing through the 
machine. Column 40 gives the heat expended, 
calculated by the formula (1) above, taking the 
value of ¢ from Column 30, and of a from Columns 
86 and 37. Column 4] needs no explanation. 
Column 42 is the sensib/e heat of the jacket discharge 
from the temperature of the feed to that of the 
steam, The latent heat of this steam is accounted 
for in the condenser discharge. Column 43 covers 
the whole heat, sensible and latent, received by the 
steam given in Column 37 of Table IL. Column 44 
gives the thermal units or ‘“‘ pound degrees” re- 
jected per indicated horse power in the condensing 
water. As might expected from the water mea- 
surements this coefficient has a very satisfactory 
value. Columns 45 and 46 give respectively the 
absolute and aly ye values of the heat not 
accounted for by the four preceding columns, making 
no allowance, however, for the heat corresponding to 
the difference between the temperatures of feed 
and discharge before alluded to. Including this the 
mean of Column 40 would be 400.3, of Column 45, 
23.4 units, and of Column 46, 5.84 per cent. Con- 
sidering that it has been assumed in Column 40 that 
all the water left the boiler as steam, while certainly 
some must have been carried over as water, the 
mean value of Column 46, viz., 4.96 per cent., 
must be thought very small. We are not able to 
account for the fact that the percentage is so 
much less, apparently, on the hard worked day 
than on the others; it is hardly probable that so 
large a difference — existed. In Column 47 is 
given the amount of heat which must have been 
given up by the condensation which occurred in the 
jacket, It will be seen that it is more than enough to 
vaporise the quantity of steam represented by 
the difference between Columns 34 and 35. 

Columns 48 and 49 give the limits of temperature 
between which the engine, considered as a heat 
engine, is working. They are the temperatures of 
the discharge water and of the steam respectively. 
Column 50 shows the maximum theoretical efficiency 
of a perfect heat engine working between those 
limits, i.e., the ratio borne by the work done in such 
an engine to the heat expended. Column 51 gives 
the actual value of this ratio for each trial, obtained 
by dividivg the figures of Column 41 by those of 

olamn 40, Column 52 shows the ratio of the 
actual to the theoretical efficiency of the engine, i.c., 
the proportion borne by the work actually done to 
the work which a perfect — could do between 
the same temperatures with the same expenditure of 
heat. The mean value of this ratio is 0.353. 

Columns 53, 54, and 55, lastly, give the adsolute 

ressures of the atmosphere and of the boiler and 
jacket steam on each day. ‘ 

Brake Trials. — Prelimi brake trials were 
made before the indicator trials commenced; the 
final trials were, however, made afterwards (26th 
November) in the presence of a large number of 
members of every. These trials were very 
* short ones, their only object being to compare the 
brake power with the indicated work already ob- 





tained. The whole series extended over three hours, 
each observation lasting only five minutes. Great 
care was taken to have the speed of the engine and 
the steam pressure as nearly as ible the same 
as during the indicator trials. separate sets 
of trials were made, the first with the brakes un- 
loaded, the next with such a load as made the in- 
dicated horse power equal very closely to the mean 
indicated horse power of the former trials (except 
the fifth day), and the last with a load as great as 
the brakes could take steadily. The total number 
of observations was twenty; their general result, 








are given in Table III. It will be noticed that the 
Tastz III. 

gia.|i |: 23; 

Ow a = S . 86 

3 Sa i g 7 
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# | 28 | ge | ge | 2 | ase 

1 4 | 942] 71] 171] 0.82 

2 10 | 1995 | 1118] 17.7 0.86 

3 6 | 188.7 | 168.1 | 206 0.89 

















efficiency of the engine is considerably greater at 
the largest powers. At the ordinary working power 
the engine itself took up, as will be seen, 14 per 
cent, of the indicated horse power. 

Indicator Cards. —In Figs. 11 to 22 we give copies 
of those indicator diagrams which corresponded the 
most nearly to the average results for the days on 
which they were taken. To facilitate their examina- 
tion we have also printed in Figs. 9 and 10 valve 
diagrams for the two cylinders. Judging from 
these the action of the valve gear has been very 
—-. It will be seen that on all the days except 
the fifth (November 24th) the steam has been very 
seriously throttled. It seems likely that the great 
loss of initial pressure (see Table I., Columns 3, 4, 
and 5) has been owing more to this cause than to 
the form of the steam pipe, to which the experi- 
menters chiefly ascribe it. When the throttle valve 
was opened wider, on the fifth day, the loss of pres- 
sure seems at once to have fallen from 12 1b. or 13 1b. 
to 3.41b. Even on that day, however, the pressure 
falls gradually in the cylinder some 61b, or 7 lb. 
before cut-off takes place. 

We have before mentioned that it was found that 
when the engine was working at 180 horse power 
(as on the fifth day of the trial) the steam gauge on 
the jacket showed always a lower pressure than the 
initial pressure in the indicator cards. The experi- 
menters seem to have concluded that the gauge had 
got wrong ‘‘ somehow,” but (so far as the records 
show) it worked all right, notwithstanding, on the 
days before andafter. Fig. 1, on page 4 ante, shows 
that the steam valve B was connected to the jacket 
right above the place where the steam-pipe A joins it. 
We do not know where the gauge was attached, but 
looking at the almost continuous drawing off of steam 
which occurred with such late cut-off at a compara- 
tively constant pressure (see Figs. 17 and 18) it seems 
to us probable enough that the jacket as a whole was 
really not so well supplied with steam as when a 
smaller quantity was actually passing through it. 
There would of course be a powerful current through 
that part of the jackets lying between the openings 
of A and B, but in some other places it is quite 
conceivable that with the continual condensation, 
and the absence of proper circulation, the pressure 
might really be less than that of the steam 
even after it had entered the cylinder. This 
hypothesis would also explain what otherwise 
appears somewhat anomalous, how much less 
steam per horse power per hour should be con- 
densed in the jacket on the high power day than on 
any of the others. Column 36, Table it, shows 
that on November 24 only 1.33 lb. per horse 
power was taken from the jacket while at work, 
the mean of the other days being 2.07 lb. Taking 
this view of the matter we incline to think that 
the readings of the gauge have been quite correct. 

The somewhat high back pressure, to which we 
have already referred, and which shows itself most 
in the diagrams 17 and 18 at maximum power, may 
be due to leakage. Iu some of the diagrams (the 
experimenters say) there is even a visible rounding 
upwards of the exhaust line. It was afterwards 


found, also, that the high-pressure cylinder was 
slightly ovalled at the centre, so that there may 
have been a slight leakage there also. 

The compression curve in the high-pressure cards 
is distinctly divided into two parts, which corre- 





nd (as Figs. 9 and 10, page 23, show) the one to 
the cut-off in the low-pressure cylinder, the other 
to the usual compression after the closing of the 
high-pressure valve. The point of cut-off in the low- 
pressure cylinder does not beconie visible in any 
other way. 
The ratio of the cylinder capacities is 5 to 1, and 
the average ratio of expansion (allowing for clear- 
ance) about 6.15. The cut-off remained the same 








throughout all the experiments. 
TaBiz IV. 
: Evaporation | Mean Rate of 
peeling Soe: sq. Foot | Transmission of 
— cated Horse — Sur- Ya ba : 
‘ace per nits per Square 
Power. Hour. /|Foot per Minute. 
Mean of all ft. Ib. 
on except 
fifth pea 5.30 4.04 76.5 
Fifth day ... 3.86 5.20 96.5 














Boilers.—The experiments were conducted solel 
as tests of the engine, the fuel was not measured, 
and the records do not contain any particulars as to 
the boilers beyond those already given and a state- 
ment of heating surface, The latter amounted, in 
the two boilers used, to 688 square feet. The short 
Table [V., which we have calculated from this, 
shows that the boilers have been worked very hard, 
even for 130 horse power. The common working 
constants for such boilers may be taken as 10 ft. or 
12 ft, surface per horse power, 2.5 lb. of water evapo- 
rated per square foot per hour, and 50 thermal units 
transmitted per square foot surface per minute. 

In conclusion, we must again express our sense of 
the care and accuracy with which these experiments 
have been carried out, in spite of one or two circum- 
stances of especial difficulty. When shall we have 
in this country an ‘ Association des Propriétaires 
d’Appareils & Vapeur,” whose members will really 
take sufficient interest in the working of their own 
machinery to be willing to institute trials like the 
one whose results we have now placed before our 
readers ? K. 


THE PENNSYLVANIA RAILROAD. 
No. LIV.—Sranparp Box Car. 

TuE form and construction of the standard box 
car is shown in our two-page engraving of this 
week. The total length of the frame is 29 ft. 103in., 
and that of the body 28 ft., the width inside the 


















































latter being 7 ft. 5}in. It 
arrangement of the frame closely resembles that of 





other stock already described. It consists of six 
longitudinal sills, the outer ones 4 in. by 8 in., and 
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the inner ones 3 in. by 8 in, Cross timbers trussed 
in the ordinary way are placed over the trucks, and 
two intermediate cross sills, 3} in. by 6 in., are placed 
under the longitudinals (Fig. 1). The end sills are 
8in. by 9in. Additional framing timbers are intro- 
duced between the end sills and the transverse 
framing over the trucks. To this frame the coupling 
and central buffer are attached. Two truss rods run 
from end to end of the frame, passing through the 
end sills, over the cross beams above the trucks, and 
beneath blocks attached to the underside of the 
intermediate transverse sills, The flooring of the car 
is of 13 in. planking tongued and grooved, and laid 
over the frame beyond the body at each end. The 
body is framed at the four corners by posts 3} in. by 
44 in., 8 ft. and 6 ft. 3 in. long, and at short intervals 
by intermediates 2} in. by 3 in. (Figs, ] and 2). Fora 
height of 2 ft. 10} in. above the floor line, the sides of 
the car are made double, of ? in. planking, tongued 
and grooved, and placed one thickness outside and 
one inside, the posts. The outer plankingon the sides 
of the body falls outside the main longitudinal sills 
(Fig. 9). Ata height of 2 ft. 10} in, above the floor 
a moulding runs around the body of the car, as 
shown in the transverse section. Above this level 
the body is formed with a single lining, that is, the 
vertical planking outside the posts only is extended 
to the roof. On the top of the posts a sill 24 in, 
by 5 in. is framed, and to this the side planking is 
secured. The longitudinal and transverse sections 
show the diagonal bracing between the posts of the 
body, and framed at the bottom into the longitudinal 
timbers, and at the top into the upper sill. These 
braces are of the same size as the posts, 4 in. by 
3in. At the side of each vertical post a rod § in. in 
diameter passes from the roof sill to the longitudinal 
timbers, and horizontal rods tie the posts together at 
intervals under the roof. The main roof timbers 
or carlines are framed into the roof sill, one at each 
end and one in the middle. At intervals of about 
1 ft. 9 in., light rafters, 24 in. square, are framed, 
and these carry two purlins and a ridge piece, upon 
which the roof planking, } in. thick, is laid. A 
weather strip, 44 in. deep, runs along outside the 
roof sill framed on the posts (Figs. 1 and 9). As 
shown in the longitudinal and cross sections, a 
head lining is introduced. In each side of the bod 

an opening, d ft. 4 in. long and 8 ft. high, is formed, 
and is closed by a sliding door, } in. thick, and run- 
ning in guides bolted to the longitudinal timbers of 
the frame and to the roof sill. Figs. 1,6, and 7 show 
the arrangement of this door and its attachments in 
full detail. Of the other details, Figs, 2, 4, and 5 show 
the central brake lever and friction wheels for carry- 
ing the brake chains; Figs. 10 and 11 are details of 
the supplementary end frames carrying the coupling ; 
Figs. 12 and 13 are sections through the roof show- 
ing the end carlines ; and Fig. 16 is a section giving 
the arrangement of the framing of the ends of 
the body. ‘The cost of this car and the quantity 
: materials employed is given in the following 

able. 


TABLE No. XXXIX.—Cost of One Standard Boz Car. 
dols. <£ s. d, 


Labour ose ove 47.06 811 6 
1733 Ib. Castings at 2 cents... eee eco 3466 6 6 2 
122 Ib. Malleable castings at 8cents ..,, 9.76 115 6 
2569 Ib. Wrought iron at 4 cents ... 102.76 1814 4 
1225 ft. Oak at 21 dols. .., ane 25.73 413 9 
1065 ft. Carolina pine at 30 dols.,., 31.75 516 4 
1253 ft. Pine at 20 dols. . 25.06 411 4 
53 ft. Hickory at 30 dols. ee 159 059 
70 ft. Ash at 40 dols. oe one cee 280 010 2 
No. 8 Cast iron chilled wheels 33 in. in 
diameter at 12.50 dols. .,, -.» 100.00 1814 4 
8 Box lids at 26} cents ooo am 66-7 6 
4 Iron axles at 10.50 dols. .., 42.00 71211 
2 Locks at 1,40 dols. ... eee 2.80 010 2 
4 Union springs at 8.25 dols. 83.00 6 0 2 
82 lb. Phosphor-bronze at 32 cents 264.24 415 6 
4 lb, Sole leather at 32 cents ... 128 04 8 
No. 2 Volute springs at 2.14 dols. 428 015 7 
4 Follower plates at 80 cents. 3.20 O11 8 
89 Ib. Square nuts at 7 cents 623 12 8 
75 lb, Nails at 3} cents. .., 263 09 7 
1 lb. Split keys at 11 cents 011 00 5 
5} lb. Washers at 7 cents. 0.38 O01 4 
74 gross 1} in. screws... ooo ove 3.75 0138 8 
i gross 3 in. screws at 1.54 dols. ... 052 0 111 
gross 1} in. screws at 44 cents... 0.22 0 0 9% 
$ gross 2} in.screws at 88 cents... 0.22 0 0 % 
2} Ib. Putty at 5 cents ‘ ° 013 00 5 
0. 2 24 in. by § in. wood screws 005 00 2 
3§ lb. 5 in. by # in. wood screws 081 0 3 0 
2} Ib, 34 in. by gin. wood screws 016 007 
of lb, 3 in, by $ in. wood screws oon 014 0 0 6 
30} Ib. 4, in. brake chain at 10 cents .., 3.05 O11 1 
34 Ib. Paint atl2cents .., ose os 408 01410 
l quart Black varnish 0338 01 8 
Shellac one os 0.28 010 
2 gals. Paintat1Ls58dols. ... ico 3.16 O11 6 
1 Roof .., ~ eee _ . 32.22 517 3 
Proportion of fuel and stores 137 06 0 
” su tendent, mo- 
tive power, and chief clerk's 
time on oe cee eee 0.69 026 
566,82 101 7 9 
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ENGINEERING CALCULATIONS. 
To THE EpIToR oF ENGINEERING. 
Srr,—The following is a solution which fulfils all Mr. 
Bidder’s requirements. 


A 








B 
G af 

Let E D be a fence parallel to aside B C of any triangle 
ABC. Drop a perpendicular from A on B C cutting E D 
in F, Then b Bue. VI., 19: 


Area ABC: area A ED=A G*: AF?, 
and having measured A G and A F the problem is solved. 
Yours faithfully, 
Sim RoBERTSON. 
Contractor’s Engineer. 


Wishaw, January 2, 1878. 

To THE EpITOR oF ENGINEERING. 

Str,—I suspect that your correspondent “J.T. N.” 
in your current issue has mistaken Mr. W. H. Bidder’s 
object in writing the letter that appeared in your paper of 
December 21. Mr. Bidder like myself is only an associate 
of the Institution of Civil Engineers, and, therefore, ac- 
cording ,to [the bye-laws neither of us can be engineers, or 
be presumed to capable of teaching engineers on the 
subject of continuous girders, not to mention turnips and 
triangles. 

I take it that Mr. Bidder only ‘intended to provide tae 

ers with a little amusement for the holidays, and I am 
inclined to think that he has succeeded even beyond his ex- 
pectations, ancy | to his ‘* want of grasp of first principles 
resulting from defective training,” in English grammar 
and composition. Thus Mr. Bidder says : 

** But the greatest teaser has been for them to tell the 
direction in which a ball is thrown by an equestrian stand- 
ing on a horse, which is running round a circle, while he 
at the same time throws oranges from his hands upward 
and catches them in their descent. 

‘* Notwithstanding his rapid motion, the oranges which 
are thrown into the air do not fall behind him, but they re- 
turn regularly to his hand. The direction in which he 
throws these oranges have been guessed at a fo 
direction, a backward direction, an outward direction ; but 
very curiously, none guessed an inward direction, which 
of course is the direction in which he throws them. Now 
these equestrians have been put down as very clever fellows 
by having discovered the direction in which to throw the 
oranges, whereas we know there is no credit due to them ; 
but it appears to them that they are throwing the oranges 

yerpendicular, the same as if they were moving in a straight 
ne ” 


Now the first paragraph intrudes a ball among the 
0! s rather inconveniently ; the engineers being ask 
in what direction the ball is thrown, and _ being only in- 
formed that the aor return to the performer's hand. 
We are not even told that the ball ever leaves his hand, 
and yet asked to say in what direction itis thrown ; and in 
fact the ball never returns to Mr. Bidder’s letter, whatever 
becomes of it. 

In the next paragraph, the ball being left out of the 
question we return to the oranges thus: ‘‘ The direction in 
which he throws these oran have been ‘guessed,’’ &c. 
When I was at school we would have used has insteadof have. 
Again, ‘* these equestrians|have been put down as very clever 
fellows by having discovered,’ &c. Does this mean that 
‘* having discovered’”’ was the clever gentleman who thus 
‘* put them down’’? Mr. Bidder and this clever gentleman 
(who ever he may be) seem to assume that the equestrians 
*¢ discovered”’ the grand scientific truths that he in vain tries 
to extract from the heads of the stupid engineers. Did it not 
occur to him that possibly the equestrians got hold of the 
right practice without even knowing the grand scientific 
principle, just as children have been known to walk before 
they knew anything about the centre of vity. Once 
more Mr. Bidder says : ‘‘ but it ap to them that they 
are throwing the oranges perpendicular, the same as if 
they are moving in a straight line.’’ I would like to ask 
whether Mr. Bidder has cross-examined or ‘‘ held in tow” 
the equestrians as well as the engineers, so as to be able to 
state correctly what “ a) to them” on these abstruse 
questions ; and also whether he uses the word perpendicular 
instead of the usual perpendicularly out of deference to the 
feelings of the engineers or of the equestrians? Possibly it 
was for the greater amusement of your rs. 

I am your obedient servant, 
ASSOCIATE OF THEINSTITUTION OF CIVIL ENGINEERS. 
January 7, 1878. 


To THE EpiTor or ENGINEERING. 
Srr,—I have been much interested with the letters on 
the above subj which have lately appeared in your 
valuable paper from W. H. Bidder and also from “‘J.T.N.,” 
and I agree most heartily with the opinions expressed by 
the latter gentleman. I should be glad to know the status 
of the ‘‘ 50 w+ y= who are stated to have declared in- 
soluble a problem (?) which, although absurd and ridiculous, 


carries the solution so'plainly on its face. 
being ashamed to 
ithstanding 





I can very well unders Mr. Bidder 
lay yay peoaneny before your readers, and notwit 
**it is of more im ce than they to be aware 
Renn Mr. Bidder would have di i himself 


7 - 
Bidder may not think that the students of Westminster are 





as ignorant as the engineers (?) he refers,to, and possibly 
to save him the trouble of forwarding the promised solution, 


ed | Delbaque. 


I would say that there can be doubt the landowner Mr. 
Bidder refers to have no objection to give ‘‘ the 
smallest’’ piece of the tri field to the one solving 
the dry yee that after the subdivision both portions 
would be equal. Vicath tafatare t0 see the valuable 6 

in your gs filled with more practical matter than that 
which Mr. Bidder has fayoured us with. 


Yours a 
UDENT. 


ZINC SHEATHING. 
, To THE EpIToR OF ENGINEERING. 

Si1r,—Zinc sheathing is now a common ice in several 
navies to prevent fouling on the hi of iron ships. 
Several large and small ships in the British, and also the 
Dutch Navy, are protected ee fouling by a teak-wood 
sheathing, and a wards outside of this a zinc sheathing. 
This process still being in its childhood, it is perhaps not 
uninteres to — results ting this mode of 
working. It is, therefore, that I you this letter, 
a in it the small but, I think, not unvaluable experi- 
ence I have gained in it. The zinc-sheathed ships I have 
seen in dock were a paddle steamer and screw gunboat. 
Both had their rudders unsheathed. In the steamer 
the galvanic contact between the iron and the zinc was as 
much diminished as possible; the seams of the wood 
planking were very small, but not caulked; the heads of 
the bolts were sunk in the wood, and the remainder of the 
holes were filled with cement. In the screw steamer, on the 
other hand, the contact was as large as possible ; the seams 
were kept open and the bolts in contact with the zinc. 
The result on the whole was very nearly the same, both 
ships were not inconsiderably fouled, and the zinc not less 
than the unprotected rudder. A small difference only was 
observed. In the paddle steamer the fouling was ose, 
which was not the case inthe screw steamer. The zinc was 
not very much diminished in weight, but on the contrary, 
the zine nails had lost much in weight. The iron hulls, as 
was expected, were in magnificent condition. Between the 
zinc and the zinc sheathing there was found a large deposit 
of zine oxide. This circumstance makes me suppose that 
the oxidation takes place on the inside of the zinc. In 
accordance to the theory of zinc sheathing, the oxidation 
should take place at the outside, and the fouling should fall 
off by degrees with the oxide. Now I suppose that the 
above-named ci ce, viz., the oxidation on the inside, 
prevents the falling off of the fouling. It is, therefore, 
that I have pro to cover the inside of the zinc with a 
protective paint, which, however, may not diminish the 
galvanic contact between the iron and the zinc. The result 
of such an experiment I have not yet observed, but in due 
time I will mention it. 

On the whole, I cannot say that as an anti-fouling means 
the results have been very favourable as yet; but as it is 
a means still in its childhood, perhaps more experience 
will aid the beautiful theory on which it rests to make it 





efficacious. 
Allow me to add that we have here ificent results 
with the anti-fouling endwit métallique of Lavergne and 


As this endwit contains probably a great deal 
of copper or copper oxide it must be treated with much 
prudence ; we se te it always from the iron hull with a 
stout painting of red lead. ith this precaution there is 
no danger from galvanic action. These results are the 
more remarkable as the experiments have been made with 
ships which had been for months in the basin and harbour 
of Soerabaja, the water of which has a very bad reputation 
for its fouling properties. I have seen ordinary wooden 
coppered ships which were more fouled than those iron 
ships coated with the endwit métallique. 
Yours truly, 
H. van Mzerren, 
Me. Shipwright of the Royal Dutch Navy. 
Soerabaja, Isle of Java, Nov. 20, 1877. 


oo > Ee 
MARINE GOVERNORS. 
To THE EpIToR or ENGINEERING. 

Sr1zr,—Having noticed in your valuable columns at dif- 
ferent times articles on 2m e ay I take the liberty of 
asking you to insert the following, for your own criticism 
or that of your readers. Marine governors as yet invented 
have been of little practical value, Dunlop and Silver’s 
being the only two as far as I know of any real value, 
especially for large ships. I may mention that we do have 
a governor that is really valuable for small vessels, 
viz., the lever and weight arrangement. Referring to 
Dunlop’s, I would suggest as an improvement that a small 
donkey engine should be placed in the tunnel, connected 
with a powerful brake or the shaft; the power of the 
brake to be equal to the work done by one stroke of the 
low-pressure piston, of course taking into account the 
salon qumaphuns ne septinanetebeanied 1 iar tee 
momen: e engine may have y e 

you con comy i brake. The donkey engine to have a 
ranch from the main pipe in the tunnel, so as to regulate 
Se Ses ental a he steam to the d in a 
similar manner to that which the motion of the t le 
valve is got by. To conclude, I would suggest a form of 
governor as yet not introduced, viz., that for the motive 
power a hollow round float could be placed in a position as 
near as practicable to the propeller blades, and allowed to 
slide freely up and down a rod through the centre of it as 
the waves come and leave the stern or blades; the rod to 
be fixed at both ends by heavy studs coming out of the 
stern of the ship, or other convenient place ; the arrange- 
ment for co! it with the throttle valve pang ogee 
passing over pulleys ing underneath the ce. 
pcs Ly se Aa that a similar brake and donkey as 
already ibed could be placed in the tunnel, the steam 


. | for same to be by a chain attached to the main 
chain passing under the deck, the other end to be connected 





’s stop valve. 


with 
1878. 


Aberdeen, January 3, BR. L. 
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NOTES FROM THE NORTH. 

Guiascow, Wednesday. 
Glasgow Pig-Iron Market.—The pig-iron market opened 
uiet last Thursday, and prices were a turn under the 
the ing Monday, but a firmer tone 
ing prices showed no 
54d. to 
51s. 6d. cash, and 51s. 8d. to 51s. 9d. one month, sellers 
over at the higher quotations. In the afternoon 51s. 6d. 
cash and 51s. 9d. one month were the only quotations, and 
the market closed at those figures rather buyers. On the 
following day the warrant market was quiet, and prices 
were steady, business being done in the morning at 51s. 6d. 
cash,.and market closing with sellers 51s. 7d. 
cash and 51s. 9d. one month, and buyers offered 1d. per ton 
less. In the afternoon 51s. 6d. cash and 51s, 8d. one month 
were again acce , the. market closing with buyers at 
those prices, and sellers near. There was a very dull 
warrant market on Monday, and prices suffered a serious 
decline, even to the extent of 4d. per ton, and the closing 
price was 3jd. under the lowest figure touched during the 
past four years. The opening quotation in the morning 
was 51s. 4}d. cash, then there was a decline of lid. per ton, 
which was followed by a further loss of jd. Prices receded 


still further in \the afternoon, and 51s. 24d. cash was the | being 


only quotation—the market closing with sellers asking 
51s. 3d. and buyers offering 51s. 2d. cash. The warrant 
market was again backward yesterday, and a further 
slight reduction in prices took place. Business opened in 
the morning a shade better than Monday’s close at 51s, 2id., 
but afterwards 51s. 2d. cash was accepted, and the closing 
quotations were—sellers at the former, and buyers at the 
latter figure. In the afternoon — further receded to 
5ls. 14d. cash, and from 51s. 44d. to 51s. 34d. one month, 
the close being 51s. 14d. and 51s. 34d. cash and one month, 
respectively. The market was flat this forenoon, when 
business was done in warrants at 51s. cash, closing with 
buyers still offering that price, sellers asking a shade more. 
No business was reported in the afternoon, and the prices 
were nominally unaltered. Up till the end of last week 
there was no change in the price of makers’ iron, but 
second hand lots could be had on rather easier terms. At 
that time also both makers and merchants were very de- 
spondent in co uence alike of the low prices that pre- 
vailed and the difficulty of doing any business of im- 
portance, and it was feared that even lower quotations 
would require to be announced before speculators or con- 
sumers would purchase to any extent. The decline in 
price has come perhaps sooner than some of them expected. 
The shipments have fallen to a very low ebb, and last week 
they only reached 2441 tons as against 3454 tons in the cor- 
responding week of last year. A small quantity of pig 
iron was sent into Messrs. Connal and Co.’s public war- 
rant stores last week, the stock on Friday evening stand- 
ing at 168,717 tons. There are still only Bs blast furnaces 
in operation as against 108 at the same time last year. 


The Bridge to Torry.—A meeting of the Bridge Com™ 
mittee of the Aberdeen Town Council was held last week» 
when a letter from the Board of Trade sanctioning the plans 
for the erection of the proposed bridge across the River 
Dee was submitted. The committee thereupon gave in- 
structions for the work being pees with as speedily as 

t 


possible. At the same time the committee requested the 
town clerk to communicate with Mr. Blyth, C.E., Edin- 
burgh, specially recommending that Mr. Bl himself 


should accept the arbitratorship in connexion with any dis- 
pute that might arise during the work of erection. It is 
stated that Mr. Blyth having been communicated with has 
accepted the arbitership, provided that objection is not 
offered to his Mg by Mr. Fyfe, the contractor—a 
step which Mr. Fyfe is not at all likely to take. In con- 
nexion with this, it may be stated t Messrs. Blaikie 
Brothers, engineers, ya Bey have obtained the sub- 
contract for the construction and placing of the iron 
cylinders ou which the piers of the bridge are to be built. 


The Resident Harbour Engineer at Aberdeen.—The 
Works Committee of the A een Harbour Board, at a 
special meeting held last week, unanimously resolved to 
recommend to the the ———- of Mr. W. 
Dyce Cay, C.E., as the resident bour engineer, at a 
oe of 500/., and under the same conditions as were 
agreed to last year. 

Aberdeen Harbour Commissioners. —The usual monthly 
meeting of this board was held on Monday, Lord Provost 
Jamieson presiding. The annaal report by Mr. Dyce Cay, 
harbour engineer, on the works executed during the year 
ending 29th September last, showed that the total quantity 
of material dredged from the harbour during that year was 
333,172 tons, of which 19,919 tons were used in filling up 
the old bed of the River Dee, and 198,609 conveyed to sea 
by hoppers. The cost of thesé ing works was 5090/. 
‘The expenditure in connexion with the extension of the 
North Pier was 39321. The Finance Committee recom- 
mended the Commissioners to petition against the proposed 
Bill for the extension of the Aberdeen tramways fs the 
harbour quays. On a division the report of the committee 
was carried by 17 votes to 9. 


Harbour Works.—At the ordinary monthly 
meeting of the Renfrew Town Council, held last night, the 
proposed extension of the harbour was under consideration. 
it was reported that the Clyde Trust had declined to allow 
their engineer, Mr. James Deas, to give his professional 
advice in the matter, and the Harbour Committee had ac- 
cordingly authorised Mr. Kinipple, C.E., harbour engineer, 
Gree , to make a preliminary report upon the proposed 
extensions. 

Musselburgh Water Supply.—The Town Council of 
’ Musselburgh have resolved to give notice of their intention 
to borrow the sum of 14,0001., Sie the probable cost of 


the works necessary for a supply of water to the town. It 
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, and it has been e ient to borrow 
hat amount. The Edinburgh and District Water Trust 
lately informed a deputation from the Musselburgh Town 
Council that a supply of water would be provided in less 
than eighteen months. 

Shipbuilding in the North of Scotland.—The followi 
figures show the extent to which shipbuilding was carri 
on in 1877 at six of the northern ports : 

Vessels launched. Vessels on hand. 


No. Tonnage. No. Tonnage. 
Aberdeen 10 9,477 9 7682 
Peterhead 3 2 224 
Fraserburgh oa and 1 116 
ie pes 3 326 2 254 
Portsoy ... soo 2 166 
Garmouth 9 1,630 7 1530 

27 11,899 21 9806 


Timber Imports at Granton.—During the year ending 
3ist of December, 1877, there were imported into Granton 
from foreign countries 62,904 loads of timber, including 
battens, square timber, railway sleepers, and pit props, 
ing an increase of about 20, loads over the imports of 
the preceding year. 


NOTES FROM THE SOUTH-WEST. 

Sleeping Carriages on the Great Western.—The Great 
Western Railway Company are introducing some new 
sleeping carriages upon their system. The carriage is the 
design of Mr. J. Holden, manager of the carriage de- 
partment at Swindon. Each carriage contains two com- 
partments, one for gentlemen and the other for ladies, and 
there is no communication between the two. The compart- 
ment for gentlemen is lofty, spacious, and well ventilated. 
It contains seven seats, lined and backed with morocco, 
and all the furniture is of walnut, with gilded mouldings 
and ornamentation. By merely lifting a brass handle above 
the head, and with little exertion, the back of the 
seat comes down, providing a soft spring bed with a sort 
of canopy of white satin_reppe. Even when all the beds are 
out there is plenty of room for walking about. The 
windows are unusually large, and are fitted with green 
satin curtains. In connexion with the compartment is a 
lavatory, and every requisite convenience. Overhead is a 
neat arrangement for regulating the ventilation, and when 
the occupants have retired to rest, the light can be instantly 
covered without being extinguished. The next compartment 
is fitted up with precisely the same conveniences for ladies, 
only there are but four seats there. Both compartments 
are furnished with handsome Brussels carpets, and look 
more like small drawing-rooms than ordinary railway car- 
riages. They will be first tried on the limited night mail, 
from London to Penzance ; and if the experiment succeeds, 
they will then be put on in other districts. 

Princetown Tramway.—The proposed conversion of the 
tramway to Princetown into a oometive line joining the 
Devon and Cornwall Railway at a point between Blickleigh 
and Horrabridge, has been advanced a stage by a public 
meeting at Walkhampton. 

Exeter Water Supply.—The Exeter Town Council has 
finally decided to apply for parliamentary powers for the 
acquisition of the property and undertaking of the Local 
Water Works Company. 


The Aberdare and Plymouth Works.—We have reason 
to believe that an arrangement hat been made by the 
chief creditors of Messrs. Fothergill and Hankey for the 
purchase of the principal mortgage on these valuable pro- 
— upon advantageous terms; and satisfactory terms 

ve also been made with the other encumbrancers, so that 
the works will continue to be carried on for and in the 
interest of all the creditors. 


Labour in Wales.—Reports from some of the colliery 
districts of Monmouthshire and South Wales state that the 
men have received with satisfaction a decision come to at 
a joint meeting at Cardiff for a 5 per cent. reduction, and 
that work has been resumed on the reduced terms. It is 
reported that two of the mills at Rhymney have been 
stopped, and that, unless fresh orders are received, other 
portions of the works will be closed as soon as’present orders 
are worked up. 

Clifton Suspension Bridge—The directors of the 
Clifton Suspension Bridge Company have determined to 
recommend a dividend for 1877 at the rate of 3§ per cent. per 
annum, free of income tax. This is the largest dividend 
which has been paid since the first year after the opening 
of the bridge. 

Cardiff.—The trade of the port for the past week shows 
a slight improvement, ially in coal and patent fuel. 
There is a steady demand for steam coal, but no large con- 
tracts have been entered into of late. The demand for 
house coal is not so good as might be expected at this 
. os of the year. Pricesof both kinds have varied but 

e. 


The Tin-Plate Trade.—The tin-plate trade shows signs 
of substantial improvement, the whole of the works at 
Ystalyfera, Pontardawe, Clydach, Morriston, and Landore 
being on full time. 


The Cyfarthfa Collieries.--The wages of the colliers 
and labourers in the employment of Mr. Rebert Crawshay, 
Cyfarthfa, have been reduced five per cent. The reduc- 
tion, which affects about 1500 men, has been 
without demur. 1 collieries are working full time, to 
the great satisfaction of the men. 


Newport.—There is a marked advance week by week in 














the import trade of this port. From Bilbao there have 
been received 1123 tons of iron ore, and from Porman 1250 








tons. Of railway iron 3349 tons have been despatched, 
including 2010 tons to Bombay, 872 tons to Adelaide, 
400 tons to Santander, and 67 tons to Bilbao. Other 
cargoes are going forward to Santander, and a parcel for 
Valencia is also in the market. A considerable trade in 
steam coal is way be with Bilbao, in steamers, most 
of which return to the port laden with iron ore. 

Banbury and Cheltenham Direct Railway.—The con- 
struction of this railway between Cheltenham and Bourton- 
on-the-Water is being vigorously proceeded with. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLEsBROoUGH, Wednesday. 

a | Meeting of the Cleveland Iron Trade.— 
Yesterday the quarterly meeting of the North of England . 
Iron and Allied Trades was held in the spacious hall of the 
Middlesbrough Exchange, Middlesbrough. There was a 

attendance than usual, representatives having 

travelled from Scotland, Liverpool, Manchester, New- 
castle, Leeds, and London, in order to be present. The 
usual facilities were afforded for the exhibition of models 
and articles of interest to the trade, and a few persons 
availed themselves of this means of advertising their patents. 
Mr. Thomas Whitwell again showed a model of his hot- 
blast stoves. Mr. Charles Wood, of the Tees Iron Works, 
Middlesbrough, exhibited a model of his slag machine, and 
a model of his patent wrought-iron sleeper and chair which 
he has just designed. 


The Ironmasters and the Proposed Reduction of Make. 
—Previous to tery 7 a meeting of the Cleveland iron- 
masters was held at Middlesbrough yesterday, and it was 
gathered from the blast furnace proprietors present, that 
within the next few days 10 per cent. of the tenon will 
have been recently either blown out or turned upon other 
than Cleveland iron. The change in either one or the 
other form has already been effected in respect of a consi- 
derable part of this 10 per cent. of the furnaces. The 
ironmasters determined on maintaining the quotations 
agreed to lately. Where a reduction of make does not 
take place the orders booked will be limited to the propor- 
tion of the makers’ production. The ironmasters’ meet- 
ing was adjourned fora fortnight. Messrs. Stephenson, 
Jacques, and Co. have recently blown out a furnace. 
Messrs. Bolckow, Vaughan, and Co. have done the same, 
besides having put another furnace on hematite iron. 
Messrs. Whitwell and Co. have also made a change of the 
latter description. With regard to two of Messrs. Lloyd 
and Co.’s furnaces, if they are not actually blown out, 
they will almost immediately be taken off Cleveland iron. 
At Clay Lane it is contemplated to blow out a furnace. It 
is probable that the Ferryhill Company will take two of 
their furnaces off Cleveland pig ; and it is reported that 
one or two of the Consett furnaces are on the point of 
being blown out. 


The Cleveland Ironmasters Return.—A day or two ago 
the monthly returns of the ironmasters showing the make 
and Sapeant of pig iron during December, as well as the 
comparative statement for several years, were issued. 


Engineering and Shipbuilding.—These branches of in- 
dustry continue busy. 


THE ABUSE OF THE STEAM JACKET. 
To THE EDITOR OF ENGINEERING. 

Str,—On Angust 3, September 28, and November 9, 
1877, appeared in your valuable journal three letters on 
the above subject, signed ““ W. M.F.R.,” which contain 
some interesting remarks, as well as some questionable 
statements ; being published piecemeal, I believe was the 
reason they were taken so little notice of at the time. 

Another letter yg ome from the same correspondent 
December 1, 1876, headed ‘‘ Notes on Portable ine 
Design.”” Not one of these letters have been replied to 
touching the points raised. ~ 

The design as well as the construction of the portable 
engine is a very interesting one to a large number of your 
readers, and with your permission, Sir, I wi 
““W.M. F. B.”’ to condense the whole of his arguments 
on these two subjects into one letter; reproducing the 
illustrations and also giving us a sketch of a cast-iron 
crankshaft bracket as a is to oo with those made 
in wrought iron. If this is done I willreply on all points. 

T am, Sir, yours rity 














ALBERT VICTOR. 


_ WESTPHALIAN CoaL.—In 1852 the production of coal 
in Westphalia amounted to 2,018,000 tons only, the value 
of the coal raised being about 500,000/. and the number of 
workmen a about 14,632. In 1876 the amount 
raised was 17,637,000 tons and the number of men em- 
ployed was 81,438. The total amount of coal in the West- 
phalian fields is estimated, in round numbers, at 
100,000,000,000 tons ; and from comparative trials which 
have been lately made with thirty kinds of Westphalian 
and thirty kinds of English coal, in the first place by the 
mining companies interested, and afterwards by a scientific 
committee appointed , Bye naval authorities in Wil- 
helmshofen, it appears some of the Westphalian coal 
is at least equal to the best coal obtainable from England. 
Since these trials, the German navy, and several of the 

German steamship companies, have al: her ceased 
to buy ish coal, and now burn nothing but the pro- 
duce of their native country. Even in Hamburg, where, 
owing to the comparatively high cost of carriage from 
Ww ia, and y to = ee in favour of Eng- 
at but little en on ae used, the —— 
of the latter im n ly increasing ry 
ear. In 1872, less than 1000 tons of coal were trovght 
rom Westphalia to Hamburg, but in 1873 the amount in- 
creased to 2704 tons, in 1874 to 14,302 tons, in 1875 to 
95,932 tons, and in 1876 to 169,000 tons. 
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NOTICE TO AMERIOAN SUBSORIBERS, 

We beg to announce that we have appointed Mr, Lenox 
Smith, 56, Broadway, New York, the sole agent for ENGI- 
NEERING in the United States, and all subscriptions for the 
United States will in future be payable to him. Mr. Lenox 
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NOTICES OF MEETINGS. 

THE INSTITUTION or CIVIL ENGINEERS.—Tuesday, January 15, 
at 8 p.m., the President's Inaugural Address. 

THE METEOROLOGICAL SOCIETY.—Wednesday, the 16th inst., at 
7 p.m., the Annual General Meeting of the Society will be held, 
by kind permission of the Council of the Institution of Civil 
Engineers, at 25, Great George-street, Westminster, when the 
report of the Council will be read, the President will deliver his 
= and the annual election of officers and Council will take 
place. 

THE PuysicaL Soctety.—Saturday, January 19, at3 p.m., “‘ On 
some Physical Points; connected with the Telephone,” by W. H. 
a C.E. “On Grove’s Gas Battery,” by H. F, Morley, M.A. 

Se. 
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THE “INFLEXIBLE.” 

WE have referred to the fact that the Admiralty, 
in their instructions to the recent Committee, 
avoided any allusion to the question whether the 
Inflexible fulfils the conditions in point of stability 
that were promised when she was ordered by the 
late Board of Admiralty, and when the money for 
her was voted by Parliament. The question would 
have been a delicate one to ask even such a Com- 
mittee, and our readers will doubtless understand 
there are many reasons why it should be avoided 
altogether if possible. It is natural to suppose, 
however, that the House of Commons will be less 
eager to pass it over in silence than either the 
Constructors’ Department or the Board of Admiralty. 
And perhaps nowhere could a matter of this kind be 
discussed more impartially than in Parliament, 
because members are as free and as ready to uphold 
executive officers when they are right as to ad- 
minister justice when they are wrong. Carping 
criticisms find no favour with members of the House, 
who do not ex officials, any more than other 
people, to be ble, Errors of judgment, even 


serious errors of calculation, may be condoned, and | 1 


very properly so, but the House of Commons is the 
last body in this country to connive at blunders 
affecting the expenditure of hundreds of thousands 
of pounds of public money, and our maritime 





supremacy to boot, being either brazened out or 
hushed up in a cloud of misrepresentations. 

We may rely upon this, that the real history of 
the errors in the designs of the Inflexible, Ajax, and 
Agamemnon, will have to be brought to light, and 
their real condition of unsafety will have to be 
fully investigated and boldly faced, and the vessels 
made safe, If this is not done the injury to the 
public service will be immense, Besides leaving 
three of our largest ironclads in a treacherous con- 
dition, it would leave the Constructors of the Navy, 
and every one in authority over them, in such a 
position of freedom from responsibility, that there 
could be no guarantee of the safety, to say nothing 
of the efficiency, of our future fleet. We entirely 
agree with Mr. Reed that if such is to be result ‘it 
would be useless hereafter to seek to bring even the 
most wayward eccentricities of constructive genius 
under restraint,” 

It would be the merest waste of words to discuss 
the speed of the Iris, the draught of water of the 
Shannon, or, in fact, the shortcomings of any of our 
ships-of-war. ‘The Constructors, as it is, are the 
technical advisers of the Board of Admiralty on the 
merits of their own ships, and it would only require 
freedom from public responsibility to render the 
viciousness of the system artistically complete. 

Wehave said that whoeverdrew up the questions to 
be put to the Committee avoided asking if the ship’s 
stability agreed with what Mr. ar had officially 
said it would be, and publicly claimed for it in the 
Times after this controversy arose. If it was not put 
because the authorities shrank from submitting it to 
even so very small and so very select a Committee, 
the event has shown that the authorities missed an 
opportunity. The Committee was evidently pre- 

ared to answer even this question in the affirmative. 
Tn some parts of their [report they seem to beg 
almost to fo allowed to answer it. 

Knowing perfectly well, as every member of the 
Committee must have known from the official do- 
cuments contained in the parliamentary return, that 
the ship was intended to have stability enough in 
her citadel to make her quite independent of cork, 
canvas, or such-like expedients ; knowing, in fact, 
that these expedients were distinctly put forward as 
not being essential parts of the design, but as fea- 
tures which might or might not be used; knowing 
also, and admitting as they do, that the ship would 
be utterly unsafe in action without the cork said to 
be unnecessary ; they yet over and over again imply 
that the vessel turns out to be just what she was in- 
tended to be. They speak of a ‘just balance” 
having been maintained, and of the unarmoured 
ends being as well able as the armoured citadel to 
bear the assigned to them in naval warfare, 
when they know that the part assigned to the 
armoured citadel was to insure the safety of the 
ship whatever might happen to the unarmoured 
ends, But this is not the worst. The report con- 
tains statements which are obviously and directly 
at variance with the facts. It is said for instance : 
“The ship thus consists of a central armoured 
citadel, rising well out of the water, and of two 
submerged ends, on which are raised unarmoured 
structures, completing the form of the ship, provi- 
ding liberal space for officers and crew, for stores 
and fuel, and intended to give the requisite reserve of 
stability.” 

Compare the latter part of this quotation, which 
we have purposely italicised, with Mr. Barnaby’s 
official statement: ‘It is possible that both cork 
and canvas will be used to some extent outside the 
battery or citadel; but the security of the ship will 
not be dependent upon them.” Or compare it with 
many other of Mr. Barnaby’s assertions as to the 
sufficiency of the citadel to afford stability, and it will 
be seen how far the zeal of the Committee had out- 
run their discretion, and how far they had departed 
from the facts when they stated that the unarmoured 
ends were ‘intended to give the requisite reserve of 
stability,” : 

A report strained in this way, and always in the 
direction of screening the Admiralty authorities, 
made by a small Committee of four nominated by 
and associated with the Admiralty, cannot possibly 
carry weight sufficient to set a great question like 
this at rest. It may take with a few for a time 
until it comes to be carefully analysed, and thus far 
it will be mischievous in its effect, and perhaps mis- 


eading. 

Its effect on Mr. Brassey, M.P., must have been 
curious, for he seems readily to have accepted their 
‘verdict of phrases” and to have profited so much 
from their scientific disquisition on gunnery as to 





write to the Zimes that the difficulty of shot or shell 
penetrating armour plating obliquely arises from the 
well known principle, that the angle of *‘ inetdence is 
equal to the angle of reflection.” 

We have heard of a good many odd applications 
of this property of elastic bodies, but never one more 
amazin, an this by Mr. Brassey. Perhaps he 
will tell us hereafter how he traces the connexion 
between the penetration of armour and the — 
of incidence and reflection. The question of stability 
as discussed in the Committee's report is far more 
involved, and more likely to be misleading to 
amateurs than their dissertation on gunnery. the 
effect of reading the latter is to involve a man like 
Mr. Brassey in such a muddle as to make him mix 
up two things that have no connexion with each 
other, and propound such an absurd doctrine as that 
the resistance of armour‘to oblique firing depends on 
the angle of incidence being equal to the angle of re- 
flection, what will be the effect of reading the part 
devoted to stability ? 

The latter contains certainly some assertions 
bold enough to startle a scientific assembly. They 
become still more startling when they are immedi- 
ately — as a sufficient test of the safety of the 
ships of our Navy. 

e former Committee on Naval Designs, which 
was in many respects a powerful and influential 
Committee, laid down the doctrine that a range of 
stability of 50 deg. was sufficient to insure the saf: 
of our unmasted ironclads. This doctrine, althoug 
based upon interesting scientific investigations, or 
rather an was felt to be a dangerous 
one to follow in its entirety, because the abnormal 
fury of the storms and hurricanes sometimes met 
with, and their effect on a ship, cannot be sufficiently 
measured to bring it with certainty within the range 
of the calculation. The present Committee go much 
further on the path towards danger. They say the 
Inflexible would be safe with a range of 30 deg. 
stability, and that the standard laid down by the 
former Committee on Designs requires revision by 
the light of more recent investigations of the theory 
of rolling. 

We think that in all this there is room for the 
gravest apprehension, These recent investigations 
of the theory of rolling, whatever they may be, have 
not yet received the acceptance of the scientific 
world, and it is surely too soon to stake the lives 
of our seamen on their accuracy. We readily 
admit that no authority on this subject higher than 
Mr. Froude’s can be found; but that is surely not 
a sufficient guarantee to satisfy the public, or such 
a@ guarantee as we have a right to demand in a 
matter of such vital importance. Mr. Froude can- 
not be accepted as infallible, even when assisted by 
his models, and his great authority will fail to con- 
vince naval architects or naval officers that a ship 
which will capsize if she gets thrown oyer to 30 deg. 
is fit to face all the contingencies of weather. 

This theory of safety should be compared with 
the other statement of the same authorities, that the 
same ship when she has only a righting lever of 1}in., 
when a movement of the helm at half speed would 
capsize her, and the running out of her guns en- 
danger her, she would still be able ‘to encounter 
with safety waves of considerable magnitude.” 

Even bolder than this is the C  ~.ittee’s state- 
ment that ‘it has now become possible, when the 
resisting properties of any individual ship have been 
determined, to predict with considerable exactness 
the actual amount of rolling which the ship will ex- 
hibit under the action of any assumable series of 
waves regular or irregular,” and their assertion 
without doubt or qualification that their model ex- 
periments have served to determine “the greatest 
extent to which the ship may roll under the excep- 
tional and complex conditions produced by “the 
riddling and destruction of the ends.” 

Again we say, after giving all honour to Mr. 
Froude for his masterly investigations on the rolling 
of ships, do not ask us to accept implicitly, at least 
do not stake life upon the acc of deduc- 
tions made from the safety of a m in a tank to 
that of a ship in a hurricane in the East Indies. 

Equal temerity characterises their opinions on the 
gunnery question. The Committee of Naval Designs, 

ing of central citadel ships, with strongly 
plated citadels surrounded and supported by an 
unarmoured raft constructed on the cellular system, 
or containing some buoyant substance, such as cork, 
which, without offering any material resistance to 
the of projectiles, would not be deprived of 
its 


i oyancy b ion, said: ‘‘ In the absence 
ab tat patie capetieans al the ated a8 tetan 











30 


ENGINEERING. 





[Jan. 11, 1878. 





= 


shells or torpedoes upon such a structure as that 
which we have in view, it is impossible to say with 
confidence that the object aimed at would be thus 
attained ; but if it were, consequences of so much 
importance and value would follow, that we think it 
right to indicate this line of inquiry as worthy of 
experimental iavestigation.” 

The recent Committee, although in reality only a 
fraction of the former Committee, most of them 
having subscribed to the above reservation, now 
beg the whole question by recording their opinion 
that the greatest amount of damage the ship would 
be likely to suffer in action is represented by the 
curves e and fin the parliamentary papers—in other 
words that shells on such a structure would do 
nothing more than make clean holes through the 
compartments like solid shot. On the face of it 
this assumption is contrary to all experience of 
shell fire, and no Committee entrusted with the 
responsibility of conducting an inquiry of national 
importance should have been guilty of resting their 
verdict upon it. In fact the only proper and rea- 
sonable course open to them was either to have in- 
sisted upon experiments being made to supply them 
with trustworthy data, or to have declined to com- 
mit themselves to an opinion the worthlessness of 
which no one could have known better than them- 
selves. 


THE HATFIELD ACCIDENT. 

Tue neighbourhood of Hatfield was, on the 
evening of Friday last, the scene of a disastrous 
railway accident, attended with immense destruction 
to property, but fortunately with no loss of life. 
The circumstances under which the accident occurred 
may be briefly summarised. At 20 miles from 
King’s Cross, and a mile and a half north of Hatfield, 
two branches—the Luton and Dunstable, and the 
Hertford —join the main road, which is thus extended 
to four lines of rails, the middle pair of which are 
the up and down main lines, and the outer ones 
those of the branches above named. On Friday 
evening a goods train left Luton at 8.30, passing 
the signal-box at the junction of the branches with 
the main road, and proceeded towards Hatfield, 
but before reaching the next (the nineteenth) mile 
post, a wagon axle broke, which resulted in a 
number of the wagons being thrown off the rails, 
and fouling the down mainline. Anaccident of a 
serious nature was immediately known to be immi- 
nent, for the Northern express leaving King’s Cross 
at 8.30 was nearly due. The guard of the freight 
train, with most praiseworthy promptitude, imme- 
diately ran forward to meet the express, which was 
as usual punctual, and he had proceeded only a very 
short distance before he heard the train approaching. 
He had time, however, to affix a fog signal to the 
rails, and give repeated danger signals with a hand 
lamp, so that the driver of the express was enabled to 
reverse his engine, and start his brakes at a distance 
of about 300 yards — to the latest accounts) 
from the point where .he line was fouled. The 
high speed at which the train was advancing— 
53 miles an hour, or possibly a little more—rendered 
it impossible, with the aid of the vacuum brake, 
to avoid a serious catastrophe. The brake, however, 
did good service by reducing the speed of the train 
to a very considerable extent, but it nevertheless 
struck the wagons lying upon the rails with a speed 
of 28 miles or 30 miles an hour, and became a com- 
plete wreck, a large portion of the train being thrown 
across the six-foot space, and upon the —a 
line, thus fouling the latter. Almost immediately, 
the train leaving Peterborough at 6.57 became due, 
and either because time was wanting to give a 
warning, or because the newly approaching danger 
was forgotten, the third train ran into the débris 
of the second, and was in its turn broken up, and 
mixed with the wreck of the express and the 
freight trains. When the wild confusion arising 
from this threefold accident had somewhat sub- 
sided, and the passengers were extricated from the 
overturned and broken carriages, it was found by 
some extraordinary good fortune that not only were 
no lives lost, but that very few of the passengers 


were seriously injured, 
That so serious a compound accident should have 
been attended with such trifling casualties to the 
engers is apparently, so far as the train from 
eterbon ough is concerned, as we have said, a matter 
of extraordinary good fortune ; as regards the ex- 
press train, there can be equally no manner of doubt, 
that but for the assistance rendered on vacuum 
brake, the consequences would have n far more 








bability, have resulted. So far, therefore, the Great 
Northern Railway may be congratulated for having, 
to a certain extent, increased the means of con- 
trolling their high-speed trains, and thereby afford- 
ing an increased amount of safety to passengers. 
But until the Great Northern, and other railway 
companies running at such velocities, adopt the best 
means at their disposal for controlling their trains, 
they will fail not only in their duty to the public, but 
as regards their own interest, Thus, for instance, in 
the Hattield accident, had the express train been fitted 
with the Westinghouse automatic brake, it would 
have been brought to a stand before it had traversed 
the 300 yards between the danger signal of the 
guard and the broken-down freight train, and the 
accident would, by this means, have been wholly 
prevented. The distance available for reducing 


the relative promptness in action of the two brakes - 
In running over a distance of 327 yards, with an initial 
speed of 46.6 miles per hour, the vacuum brake per- 
formed 42 per cent. of the total work necessary to 
stop the train, while the Westinghouse automatic 


did 55 eae. in the same distance, the terminal 
speeds g 34.80 miles and 30.18 miles respectively. 


It must be remembered in justice to both systems, 
that these results were extremely poor compared with 
those obtained in daily practice in this country, but 
the relative duties remain the same. The reason of the 
inferiority of the vacuum brake was clearly shown 
to be due, first, to the slowness in first action, and, 
second, to its lower and more irregular retarding 
power while in operation. This will be at once seen 
from the following reproduction of that portion of the 
official German experiments bearing on the subject : 
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the speed of the express was, as we have said, 
300 yards, and the speed at the moment when 
the driver reversed his engine and started the 
brakes over 50 miles an hour; the gradient be- 
tween the nineteenth and twentieth mile post from 
London isa rising one of lin 200. Repeated ex- 
riments have shown exactly what the vacuum 
rake can do under such conditions. During the 
trials on the North British Railway at the end of 
1876, a number of high-speed stops were made with 
the vacuum brake, which showed that at a speed of 
from 50 to 55 miles an hour, the velocity of the train 
after running over a distance of 300 yards with the 
brakes applied, was reduced to 30 and 38 miles re- 
spectively. ‘The annexed diagram shows one of 
these stops, and illustrates exactly the action of the 
brake from the moment of application to the time 
of stopping. The full line represents the vacuum 
brake, and the dotted one the Westinghouse auto- 
matic, Allowing for certain improvements in con- 
struction, and increased-ease of working, the result 
would correspond exactly with that obtained at 
Hatfield. On the other hand, the North British train 
fitted with the automatic brake had been brought 
to a stand in 266 yards, as will be also seen from 
the diagram. In fact, while the vacuum brake 
is sufficiently prompt and efficient to reduce a train 
running at a igh speed to half its initial velocity, 
in a distance of 300 yards, the Westinghouse brake 
will bring a similar train to a stop, or at all events 
reduce its speed to but a few miles an hour. The 
reason of this difference was admirably shown by 
the trials conducted last summer by the German 
Government, and described by us on page 261] and 
309 of our last volume, An important section of 
those trials was that devoted to the determination of 





serious, and a great loss of life would, in all pro 





From this Table it will be seen that apart from the 
irregular action of the brake while making a stop, an 
important loss of time occurs between the moment 
when the brakes are started, and when they get into 
full operation. It will-be noticed that in each case, 
at the end of the first 36 yards, the brake has 
done no work, the speed of the train increasing 
during that period. It then gradually comes into 
action, but invaluable time is lost by this delay, and 
the loss is not compensated for in any way by the 
subsequent action of the brake. It was from this 
reason that the Hatfield accident occurred; had 
the train been fitted with the automatic brake it 
would have stopped short of the broken-down goods 
train chiefly because it is instantaneous in its action, 
and upon the loss or gain of two seconds in such an 
emergency depends the certainty of incurring or 
avoiding an accident, As we have said the Great 
Northern Railway Company deserve credit for 
having fitted their fast train with a continuous brake, 
and they now find the advan of having done 80, 
by the partial effects produ by it at Hatfield. 
But they would have acted with more appreciation 
of their own interest, and with more regard for public 
safety, had they — the most efficient ap- 
pliance at present available, 





THE CIRCULATION OF WATER IN 
STEAM BOILERS. 
By Rosert WILSoN. 

In ing of the motion of the water that is set 
up in a steam boiler by the application of heat, the 
word circulation is generally used as though only 
one kind of movement were assumed to take place, 
whereas there is in most cases not only a movement 
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in the water, but also more than one movement of 
the water. We speak here of water as it is fed into 
boilers, that is, the water with its contained air, 
gases, vapour, or steam, upon the presence of which 
the mobility of the water so greatly depends. 

The movement that takes place iz the water, or 
the motion of the particles of the water in relation 
to one another, or the mutual changing places of the 
warmer particles below and the cooler particles 
above, always occurs when sufficient heat is applied 
to the underside of a vessel containing water, 
The movement of the water or the motion of 
the body of water in relation to the sides of the vessel 
containing it may or may not take place, but it 
never takes place without the movement in the 
water. Itis the confusing of these two distinct 
kinds of movement by convection or circulation, or 
the failing to perceive their distinction, that has led 
to the failures of so many water-tube boilers of late 
years. It is no exaggeration to say that the efficiency 
and safety of a steam boiler depend as much upon 
the efficiency of the water circulation as they do 
upon the strength and disposal of the material of 
the boiler ; it is therefore of the first importance to 
have a clear notion of what the circulation is. 

Taking the simple process of heating water in a 
pan, if we could impart the heat simultaneously and 
uniformly to the whole bottom layer of water, there 
would probably be no convection or circulation at 
all, There might, however, be a slow conduction of 
heat through the contained gases and body of water, 
and consequently a slight increase of vaporisation, 
previous to the whole body of water being lifted by 
the steam out of the pan. But as no such 
simultaneous and uniform imparting of heat can 
take place under the conditions of varying intensity 
of heat, uneven surface, and different thickness of 
material, and different internal and external con- 
ducting power at different points of the heating 
surface, it always happens that one particle or 
number of particles of air and water become more 
quickly heated than those around, and therefore in- 
crease in bulk, The expanded and lighter particles, 
being no longer able to balance and keep in their 
place the cooler particles, are forced upwards. If 
the temperature of the heated particles remained 
undiminished, these would rise vertically towards 
the surface with an accelerated velocity, but as their 
heat is rapidly dissipated in their passage upwards 
amongst the cooler pa. their upward progress 
is gradually arrested, and they in their turn assist 
in pressing upwards the warmer particles below. 
They then descend and are reheated. The particles 
rise higher and higher upon each successive re- 
heating, until at last they reach the surface, when 
the whole body of water becomes raised in tempera- 
ture, and vaporisation is sensibly promoted, hen 
the temperature has been sufficiently raised, a more 
or less violent ebullition commences, accompanied 
by evaporation. Whether the particles ascend 
round the sides of the vessel and descend in the 
middle, or vice versdé, will depend upon the relative 
temperatures at the sides and middle, But in all 
cases where the heat is applied underneath, the re- 
heating and cooling tend to take place in the same 
part of the vessel. This mutual changing place of 
the warmer and cooler particles of the water which 
precedes, and is necessary for free evaporation, 
might be called intercirculation ; we will, however, 
call it by its popular name, ‘“ ebullition.” 

{n a horizontal plain cylindrical boiler half filled 
with water, if the temperature were practically 
uniform all along the heating surface, we should have 
only this ebullition going on along the whole length 
of the boiler. But in such boilers heated by a furnace 
at one end, we havea much higher temperature over 
the furnace, This causes the water here to be more 
highly heated, the ebullition to be more violent, 
and the body of water more dilated than the body 
of water beyond. ‘The water level is consequently 
higher here. This difference of water level causes a 
flow of water from the surface over the fire towards 
the back end of the boiler, and consequently a 
return flow of the cooler water to the front end. 
This from-end-to-end circulation, to which is due the 
carrying away of the insoluble matters left by the 
evaporation, and their deposition at the back end 
of the boiler, takes place in a greater or less degree 
according to the violence of the ebullition in all 
horizontal boilers, and we may call it ‘ ¢idal” circula- 
tion, Everything is here favourable to the evapora- 
tion and free escape of steam, and nothing more is 
required for the efficiency and safety of the boiler 
80 far ag the circulation of the water is concerned. 
Were the boiler filled and kept full of water and 





fsaghree with outlets all along its upper surface 


or the steam to escape, this tidal circulation would 

be impeded, and we should have only the ebullition 
to produce evaporation. The interference with the 
free tidal circulation would in many cases have a very 
material effect upon the safe working of the boiler, 
as there would no longer be the same tendency to 
carry the precipitated matters away from the fur- 
nace, where by far the greatest amount of evapora- 
tion, and consequently precipitation of solid matter, 
takes place. 

When, for the purpose of increasing the ex- 
tent and efficiency of the heating surface, the 
large body of water is divided into smaller sec- 
tions connected by water passages, another move- 
ment of the body of water is usually set up. 
In a Galloway boiler, for instance, there is, besides 
the ebullition, a movement of the water in some 
of the tapered tubes, which is due to the diffe- 
rence in the weight of two columns of water of 
the same height, but of different density, the lighter 
column being inside the tube and the heavier out- 
side, In the tubes just behind the bridge, which 
are exposed to the highest temperature, the water is 
more highly heated and more dilated than that in 
the water-spaces at the sides of the boiler. The un- 
balanced weight of the latter causes the water in the 
tubes to rise, and so a movement is set up, which 
becomes a continuous circulation so long as the 
neces conditions exist, This upward motion of 
the whole body of water in the tube we may call 
“draught” circulation, which goes on at the same 
time as and independently of the ebullition. It is 
this draught circulation that carries away the solid 
matters which are precipitated by the ebullition, 
Where there is simply ebullition the heating surfaces 
become coated with incrustation, when the nature 
of the feed water is such as to favour its formation. 
In Galloway boilers this is shown by the thickness 
of the incrustation in the tubes increasing with the 
diminution of the draught circulation as we recede 
from the furnace. The great accumulation of in- 
crustation at the back end of these boilers is also in 
some measure due to the “tidal” circulation de- 
positing the solid matters here which have been pre- 
cipitated nearer the furnaces. When the ‘“ draught” 
circulation in a Galloway tube near the furnace is 
arrested by, for instance, a Hopkinson safety-valve 
float swaying a few inches above the mouth of the 
tube, incrustation rapidly forms, in spite of the 
ebullition that goes on, and which is usually but 
wrongly credited with the merit of preventing the 
scale from accumulating. 

The shape of the tapered tube, with its greatest 
diameter at the top, whilst it favours the ebullition 
and the free escape of the steam particles as they 
are formed on the sides of the tube, at the same 
time reduces the rapidity of the draught circulation 
as the square of the increase of diameter. Now as 
the carrying away of the solid matter, which is de- 
posited by the evaporation of the water, is mainly 
dependent upon the efficiency of the draught circu- 
lation, it follows that by reducing the draught effi- 
ciency the taper of the tube favours the formation 
and accumulation of incrustation, which impairs the 
efficiency of the heating surface of the tube. It 
would, therefore, appear that in some cases the 
tapering may actually tend to defeat the purpose 
for which the tube is introduced, It has Fitherto 
been considered that a vertical taper tube is theo- 
retically better calculated to promote the generation 
of steam than a vertical straight tube. But as the 
theory on which this conclusion is based does not 
take account of all the processes involved, its cor- 
rectness is more than questionable. Of course the 
practical constructive advantages and facility for 
cleaning afforded by the taper shape must be taken 
into consideration, as well as the amount of taper 
in proportion to the length of the tube, the position 
of the tube in the boiler, and the nature of the feed 
water, in determining whether a taper tube is better 
than a straight one in any given case, 

In some cases we might with advantage even 
reverse the taper in order to promote the draught 
circulation, upon which is dependent in some mea- 
sure the warming of the large body of dead water 
in boilers without external flues and having the 
firegrate above the shell bottom. The warming of 
this dead water is also slowly effected by the tidal 
circulation and by the diffusion downwards of the 
heat from the furnace, which takes place when the 
heat is imparted to the body of water more rapidly 
than it can be carried away by the convection up- 
wards which first takes place. 

Where there are many vertical tubes, as in a 








Galloway boiler, it will depend upon the relative 
areas of the side water spaces and of the tubes, the 
temperature of the gases in contact with the vertical 
and horizontal tubes at any given moment, and upon 
the condition of the heating surface, whether there 
will be an upward or downward current in the 
tubes near the back end of the boiler. 

It is of the first importance in all water tubes ex- 
posed to a high temperature, and having a diameter 
of, say, not less than 6in,, that the upward and 
downward currents due to the draught circulation 
should be separated, especially when the feed water 
is bad, as the heating surface near the battle ground 
of the opposing currents is the most convenient 

lace for the solid matters to settle and accumulate. 
many Lancashire boilers, where the side and 
middle water spaces are too narrow to allow a free 
for the upward and downward currents 
that would otherwise be established, the addition of 
vertical water tubes, by which the water can pass 
upwards near the furnace and down at the back end, 
has a marked effect upon the steaming properties 
and durability of the boiler. 

Instead of a boiler of large section half filled with 
water, let us take a sectional boiler of four tubes, 
say, 6in. in diameter, forming a rectangle with 
horizontal sides, say 8 ft, long, and vertical ends 
5 ft. high provided with an escape for the steam at 
the top of the ends produced. On applying heat 
to the bottom tube of this boiler, containing water 
to half way up the ends, ebullition will take place 
first in the hottest part of the bottom horizontal 
tube. As this tube is full the water can expand only 
horizontally, tending to displace and raise the water 
in the vertical tubes more and more as the heating 
and expanding extend horizontally, but there will 
be no tendency for the steam to escape as it is 
formed, until the ebullition reaches the vertical ends, 
when it will at last take place through the whole 
height of the water, the steam escaping from the 
very contracted surface in the vertical tube. Here 
we have the first escape of steam from the water 
that is last heated, whilst the steam that was first 
formed remains in the bottom tube ready to lift the 
water out of the vertical tubes as soon as a reduc- 
tion of pressure takes place there, and tending to 
produce overheating of the tube by keeping the: 
water from contact with the metal. It wil denen 
upon circumstances, from which vertical tube the 
Ss chiefly takes place. Were there no cold 
feed water introduced the evaporation or escape of 
steam would be confined chiefly to the vertical tube 
nearest the fire, the other tube acting as a stand- 
pipe to supply the water for evaporation. In con- 
sequence of the difference of the weight of water in 
the two columns, there will be a tendency to a 
movement of the water in the bottom tube from 
one vertical tube to the other regulated by the 
speed at which the water is evaporated, and on this 
movement alone will depend the removal of the 
steam as it is made at the hottest part of the heating 
surface. Should, however, the escape of steam be 
impeded from the tube where the evaporation is 
greatest there will be a tendency to press down the 
column of water in this tube, and to arrest and 
even reverse the motion of the water upon which 
the non-overheating of the horizontal tube mainly 
depends. Should the evaporation become equal in 
both tubes there will be no tendency for the steam 
to escape from the bottom tube and overheating will 
inevitably take place, 

With a view to promote this evaporation in one 
vertical tube over that in the other, and conse- 
quently the movement of the water, the feed should 
be introduced as far as possible from the tube in 
which the evaporation is designed to take place. 
By turning the cold feed suddenly onin such a 
boiler as this with a deficient draught circulation, 
when it has been making steam for some time, and 
allowing the cold water to impinge upon the highl 
heated bottom tube, it will naturally tend to crac 
the tube across, especially when the drawing to- 
gether of the vertical tubes is strongly resisted. 
The introduction of the feed into such a boiler with 
a large amount of heating surface in proportion to 
the bulk of water contained, becomes therefore a 
most important matter, as does also any plan for 
producing an artificial circulation. 

It is evident that not only the working but the 
very safety and preservation in a state to hold its 
water of such a boiler as this, especially where there 
are many joints, depends upon the efficient carry- 
ing away from the horizontal surfaces of the steam 
formed by ebullition, and consequently upon the 
draught circulation. The starting and maintenance 
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of this draught circulation is the most a 
point to be considered in all water-tube boilers, 
whether the tubes be horizontal, inclined, or vertical, 
If this draught circulation can be efficiently carried 
on, the boiler may work for a length of time but not 
unless, 

There are two obvious methods for promoting 
this circulation, where the tubes are not all vertical 
or inclined, viz., either by providing vertical water 
ways between the horizontal tubes and connecting 
them by one or more horizontal tubes joined to 
the end tubes below the water level, or by inclinin 
the horizontal tubes, and connecting the vertic 
tubes by one or more inclined tubes below the 
water level. By either method we complete the 
circuit, and so long as the water is more highly 
heated in one vertical water way than another, it 
will ascend in one and descend down the other, and 
so long as the water and steam ways are not too re- 
stricted, we shall have a continuous circulation which 
is not dependent upon the evaporation for its main- 
tenance, 

Should, however, the area for the escape of the 
steam at the top of the vertical water ways be too 
restricted there will be a tendency for the steam, 
which will accumulate in the tube where it is most 
rapidly formed, to arrest the draught circulation, and 
force the water outof the other tubes. In a water- 
tube boiler consisting of a number of small boilers, 
such as we have just been describing, unless the 
area for the passage of steam from one section to 
another be of sufficient size, the more rapid gene- 
ration of steam in one section may tend to force the 
water out of a neighbouring section and lead to 
overheating. ‘The determination of an adequate 
area for the steam passages becomes, therefore, as 
important as that of sufficient safety valve area. It 
may be taken as a rule, subject to qualification, 
that the area for the escape of steam from one 
section to another, and from the various sections to 
the common steam chamber should not be less than 
one-quarter of a square inch for every foot of heat- 
ing surface. 

n a boiler with inclined tubes, the greater the 
inclination of these, up to a certain point, the more 
rapid will be the draught circulation. It is also 
obvious that inclining the tubes downwards from the 
fire will improve the draught circulation more than 
inclining them upwards from the fire. 

With a view to obtain a large heating surface, 
there are generally a number of the inclined tubes 
one above the other, forming a vertical row, con- 
nected at their ends by vertical or nearly vertical 
tubes or passages. This increase in the number of 
tubes at once alters the disposition of the circulation. 
Let us assume, in the first place, that the tubes are 
inclined downwards from the fire, and that the 
bottom tube and that next above it are heated, if 
not nearly alike, at any rate very greatly in excess 
of the tubes above them. There will then be a 
tendency for the heavier water in the back water 
way and in the upper tubes to force the lighter 
water up the two bottom tubes, and so the draught 
circulation may be carried on, Should, however, 
the temperature of the water in the second tube 
(counting from the bottom) be lower than that in 
the bottom tube, there will be a tendency to form a 
circuit between these two tubes, the water in the 
second tube descending, Again, if the water in the 
third tube be colder than that in the second tube, 
the downward tendency in the second tube will be 
resisted, and so on with the rest, There may be a 
number of unbalanced columns of water and a 
movement can only take place in the direction 
by the columns that preponderate. It is 

ifficult to decide in many cases which will be the 
preponderating columns, In fact, it may so happen, 
as it very often does, that the draught circulation is 
completely stopped, the evaporation proceeding only 
from the ebullition in each tuke, & very hazardous 

rocess. By allowing only the two lowest or three 
owest tubes to be in the furnace, and providing 
sufficient water way at the back and front ends of 
the tubes, a draught circulation may be maintained 
between the tubes in the furnace and those out of 
the furnace. Means must, however, be provided to 
guide the ascending hot water and steam clear of the 
water descending to take their place. 

It is certainly worth while to sacrifice a portion of 
the heating surface, if by so doing we can maintain 
a draught circulation, and so increase the efficiency 
of the heating surface we retain, and insure the 
durability and safety of the boiler. Had this point 
been attended to, some of the costly experiments 
with water-tube boilers would have not been such 





decided failures as they proved. The simple ex- 
pedient of taking a pipe from the top to the bottom 
of each section outside the boiler proper would have 
saved more than one water-tube boiler from failure, 
and others would have been saved by Properly con- 
necting the different sections above and below. 

When, instead of incliued, we use horizontal 
tubes, we can establish a good draught circulation 
by multiplying the vertical connexions and keeping 
the temperature in one end of the system lower than 
in the other, or by keeping the temperature in the 
middle higher than in the ends. When the heating 
surface consists chiefly of vertical tubes, it is im- 
portant that ample provision should be made for a 
draught circulation, especially when the tubes are of 
considerable length compared with their diameter, 
and that the ebullition alone should not be depended 
upon for evaporation, as, where no draught circula- 
tion takes place, the deposits will remain in the 
tubes where they are precipitated from the water. 

In some arrangements the draught circulation ma; 
be so violent as to induce priming, when it wi 
require to be checked. In all water-tube boilers the 
best way to prevent the draught circulation affect- 
ing the dryness of the steam is to allow ample 
space and time for the steam to escape quietly 
from the surface of the water, and this can only 
be done by having a large surface for evapora- 
tion and a large space for the steam to accumulate. 

In all Saleh tale belles having horizontal or in- 
clined tubes, and where the furnace tubes are sepa- 
rated from the upper tubes containingjonly,steam by 
horizontal plates which direct the current of hot 
gases, there is always a risk of these plates getting 
out of order and allowing the flame, in seeking its 
nearest way to the chimney, to impinge against the 
dry tubes and bring about their failure. This 
circumstance has been the cause of more than one 
explosion of a water-tube boiler, and is too often 
lost sight of both by those who design and make 
and by those who use these boilers. 

The following appear to be the points that re- 
quire special attention in designing water-tube 
boilers, to insure their satisfactory working and 
durability. 

1. To keep the joints out of the fire. 

2. To protect the furnace tubes from the sudden 
impingement of cold air upon them on opening the 
firedoor. 

3. To provide against the delivery of the cold 
feed direct into the furnace tubes. 

4. To provide means for a proper draught circula- 
tion in order to carry away the steam from the 
heating surfaces, 

5. To provide passages of ample size for the up- 
ward currents of steam and water, which must not 
interfere with the downward currents of water. 

6. To provide passages of ample size for the steam 
and water between the various sections of the boiler, 
“ order to equalise the pressure and water level in 
all, 

7. To provide ample surface for the steam to 
leave the water quietly. 

8. To provide a sufficiently large reservoir for the 
steam in order to prevent the water being drawn out 
of its proper place by suddenly opening a steam or 
safety valve. 

9. To provide against the flame taking a short 
cut to the chimney and impinging against the tubes 
containing steam only, 


CLYDE SHIPBUILDING TRADE, 1877. 

In continuation of the details given in our article upon 
this subject in our last issue, we would briefly draw atten- 
tion to the work in hand at the various shipyards on the 
Clyde. There are, inall, probably well-nigh 120 vessels of 
all sizes in hand, all of which have made some progress, in 
addition to those which have lately been contracted for 
and bave not been commenced. A fair proportion of those 
vessels are of a considerable size, but others are below the 
average. 

Beginning at Glasgow, or rather at Rutherglen, two or 
three miles higher up the Clyde than where the Glasgow 
shipbuilding yards begin, we find that Messrs. T. B. 
Seath and Co., who are well known for their skill in the 
construction of small steam craft of great speed, have four 
vessels in hand which have an aggregate of about 
1250 tons. Next we come to the famous yard of Messrs. 
Robert Napier and Sons, at Govan, which was handed 
over, at Martinmas term, to the new firm, consisting of 
Mr. A. OC. Kirk (formerly the chief manager of the engi- 
neering department at Messrs. John Elder and Co.’s 
works) and two sons of ex-Bailie Hamilton, one of the 
partners of Messrs. Barclay, Curle, and Co. Since taking 
over the works at Govan the new firm have made a fair 
start with three new vessels, one of which is in frame, 








while the keel of another has been laid down. It is 
understood that the firm have excellent prospects. We 
should mention that oneof the Messrs. Hamilton was for 
several years a member of the well-known firm of Messrs. 
Robert Duncan and Co., Port-Glasgow. Close by the 
yard of Messrs. Napier and Sons there is Messrs. Dobie 
and Co.’s yard, where there are four vessels in hand. 
The energies of Messrs. Dobie and Co. are wholly devoted 
to the building of sailing -vessels, of which they turned 
out six last year, averaging about 1120 tons. Next we 
come to the works of the London and Glasgow Shipbuild- 
ing and Engineering Company, Limited, where we like- 
wise find four vessels in hand. On the opposite side of 
the river we find the Pointhouse Shipyard of Messrs. A. 
and J. Inglis, who are also tolerably well provided -with 
work. Separated from that establishment by the River 
Kelvin there is the Meadowside Shipbuilding Yard, which 
was rendered famous many years ago by the great number 
of first-class mercantile steamers which were built by 
Tod and Macgregor. It is now occupied by Messrs. 
David and William Henderson and Co., who are inti-- 
mately connected with the ‘‘ Anchor Line” enterprise. 
They have five vessels in various stages of progress. Re- 
turning to the south side of the river, we next reach 
the enormous establishment of Messrs. John Elder and 
Co., where we find no fewer than ten vessels in hand. 
In no other yard on the Clyde is there such an amount 
of work in progress. Six of the vessels are steel-plated 
screw steam corvettes of great power, for Her Majesty’s 
Government, all of which will be finished, it is expected, 
during the present year. Of the others twoare screw 
steamers for the merchant service, and the other two are 
powerful paddle steamers for the Channel passenger 
service. Messrs. Alexander Stephen and Sons, at the 
Linthouse Shipyard, which is about half a mile further 
down the river, have seven vessels in hand. These will 
keep the workmen tolerably well employed for several 
months, but there is likewise other work in progress. 

In the Whiteinch district, which is just opposite Lint- 
house, there are at present four shipbuilding yards quite 
continuous with each other, those, namely, of Messrs. 
Barclay, Curle, and Co., Messrs. Thomas Wingate and 
Co., Messrs. Aitken and Mansel, and Messrs. Charles 
Connell and Co., who have varying quantities of work in 
hand. For example, Messrs. Aitken and Mansel have 
two steamers in course of construction, oneof 1600 tons, 
and one of 2300 tons. Messrs. Connell and Co. have five 
vessels in progress; and (including a large four-masted 
sailing ship of 1600 tons, for Messrs. R. and J. Craig’s 
“County” line of Clyde and East India traders, which 
has been launched since the beginning of the year) 
Messrs. Barclay, Curle, and Co., have seven large vessels 
in hand. 

At Renfrew there are eleven vessels in course of con- 
struction—seven at the London Works of Messrs. William 
Simons and Co., and the remaining four at Messrs. Lobnitz, 
Coulborn, and Co.’s yard. 

Messrs. James and George Thomson, at their extensive 
shipbuilding yard at Clyde Bank, Dalmuir, have a large 
amount of work in progress, including a large and power- 
ful steamer to the order of Messrs, G. and J. Burns, of 
Glasgow, for the Cunard lino,; a splendid steel-plated 
saloon steamer for the Clyde passenger service, a new 
Tona to the order of Messrs. David Hutcheson and Co., 
and two powerful merchant steamers for Messrs. Burns. 

Closely adjoining the Clyde Bank Shipyard there 
are now in progress the new works of a firm which 
is an offshoot of the old firm of Robert Napier 
and Sons, and is to be known, we believe, under the 
name of Messrs. Napier, Shanks, and Bell. Two of 
the members are grandsons of the late Mr. Robert Napier, 
and sons of Mr. James R. Napier, F.R.S.; Mr. Shanks 
was for a number of years the chief manager of the 
engineering business of the old firm; and Mr. Bell was 
fora long time the commercial manager. It is to be 
hoped that by the time the new works are ready for the 
execution of contracts, there will be some decided appear- 
ance of a revival in the shipbuilding trade. Such a 
revival is being looked forward by the new firm, as they 
are somewhat intimately concerned in promoting a Bill 
in the ensuing session of Parliament for a new railway 
which is intended to bring their works into direct com- 
—— with the coalfields and iron works of Lanark- 
shire. 

Considering the somewhat large turn-out of work at 
Dumbarton during the past year—by Messrs. Denny and 
Brothers, Messrs. A. McMillan and Sons, and Messrs. 
Birrell, Stenhouse, and Co.—the amount that is now in 
progress in that town is not very large; still the three 
firms just d have gst them about a dozen 
vessels in various stages of progress. 

At Port-Glasgow and Greenock—where there are in all 
twelve shipbuilding firms—there are about thirty vessels 
in course of construction. Messrs. Caird and Co. have 
three steamers on the stocks; Messrs. Steele and Co. have 
two steamers and one sailing vessel in hand; Messrs. 
Russell and Co. have three vessels in progress ; Messrs. 
Henry Murray and Co. have a similar number, one of 
which is a steamer of 1000 tons; and the other firms in 
the lower district have generally two vessels in course of 
construction. 

There are three shipbuilding yards on the Cart, at 
Paisley, but of necessity the vessels built in them are all 
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of small size. At one of the yards, where there were|duce iron on the most economical system that can b®|Tities to rectify the errors of design, but failed. Ulti- 
twelve such vessels—all steamers—built last year, there | devi Q the question came before and a Com- 
are now seven vessels in progress, including screw and| On the question of exports it should be mentioned | mittee of Inquiry was appointed by the 


paddle steamers and schooners. The other two yards are 
not nearly so well provided with work. 

While there are many small vessels now in hand, it 
should be mentioned that a considerable proportion of the 
work in progress consists of sailing vessels, each of 1200 
tons and upwards, for Scotch. and English firms; while 
there are likewise being built quite a fleet of steamers of 
about 2000 tons. And there is also a large screw steamer 
in hand of 3500 tons for Messrs. George Smith and Sons’ 
Clyde and Calcutta “City” ltme of merchant traders. 
The Gallia, for the Cunard line, was previously re- 
ferred to. 

During the past year the prices of iron sailing vessels 
of 1000 tons burthen and upwards ranged from 14/. 5s. 
per ton down to about 13/. per ton, and some of the con- 
tracts recently closed have been effected at a shade under 
132. per ton. 

Since commencing the foregoing article we have learned 
from official returns that there were building on the 
Clyde at the beginning of the year 127 iron vessels of 
about 133,551 tons, as against 146 vessels of about 
152,745 tons at the beginning of 1877, and 144 vessels of 
about 132,280 tons at the beginning of 1876.. 








THE SCOTCH IRON TRADE, 1877. 
ConsIDERING the extraordinary influence which the 
Scotch iron trade has exerted upon the industries of the 
world in bygone years, there is always a certain amount 
of interest attaching to an annual review of the lead- 
ing facts connected with it, in respect of production, 
home consumption, exportation, price, &c.; and accord- 
ingly we proceed, as in past years, to lay before our 
readers a few of the more important facts bearing upon 
the subject in respect of the year just ended. When 
we consider the very depressed condition of the iron 
trade and various other leading branches of industry, 
both at home and abroad, during the past year, it is not 
at all surprising to learn that there has been a very 
serious falling-off in the prosperity of the Scotch iron 
trade. One chief reason of that falling-off is the fact 
that there was a distinct and progressive contraction of 
orders from abroad, caused by want of confidence 
on the part of British investors in foreign Government 
loans, and resulting in a proportionate decrease in the 
purchasing powers of Continental countries, many parts 
of which have been extensively depended on in past 
years as important outlets for the highest qualities of 
ordinary foundry iron, for the manufacture of which the 
iron ores of Scotland are so especially and pre-eminently 
adapted. 

Since the year 1860, the annual production of pig iron 
in Scotland has frequently been very considerably over 
one million tons; indeed, in no fewer than seven in- 
stances it has amounted to upwards of 1,100,000 tons, 
and in one year (1870) it even reached to 1,206,000 tons. 
In the year 1876 the production ran up to 1,103,000 tons, 
the falling off iu the past year, however, was so great 
that the total make was only 982,000 tons—the decrease 
being 121,000 tons. Still, while speaking on the subject 
of the annual production, we ought not to omit mention- 
ing that iu the year 1866 the total make was only 
994,000 tons, in 1873 still less, only 993,000 tons, and 
that in 1874 it fell down to 806,000 tons, which is the 
smallest annual make for the last twenty years. It is 
not necessary that we should refer to the exceptional 
circumstances which were operative in the year 1874. 
It may be worth while to mention, however, in connexion 
with the past year’s production, that the average number 
of blast furnaces in operation was only 103 as against 116 
in the preceding year. The average production per fur- 
nace per week was 184 tons, as against 182 tons in the 
year 1876, thus showing that the average size of the 
Scotch furnaces has been on the increase during recent 
years. Owing to the unhealthy condition assumed by 
the iron market about the middle of June, the iron- 
masters began to consider the propriety of restricting 
their productive powers, and they at last came to the 
conclusion on the 25th July, that considering the un- 
settled state of the labour difficulty, and the general 
depression existing, it was advisable to blow out one-third 
of the furnaces for a period of three months. That re- 
solution took effect on the 12th August, 22 furnaces 
being forthwith damped ont. Early in the month 
of November the ironmasters, finding that no improve- 
ment had taken place in the demand for pig iron, resolved 
to keep those furnaces out for another period of three 
months; and by the end of the year the number of 
furnaces in blast was even reduced to 84, or 34 fewer 
than the average number for the past 32 years. Of 
course, it is the largest and best furnaces that have been 
kept in blast, and it is especially interesting to observe 
that of the 84 furnaces in operation at the end of the year 
there were no fewer than 37 working on the close-topped 
system, a condition of things that was never previously 
possible in tland. The fact just mentioned shows 
most conclusively that Scotch ironmasters have of late 
not been content to stop short at improvement with the 
hot blast, but that they have at last given up their con- 
servatism and have imbibed a wholesome desire to pro- 





that there was a certain amount of disappointment 
throughout the whole year. Taking the foreign ship- 
ments together with the railway deliveries and coastwise 
shipments, the total shows a falling off amounting to 
nearly 35,000 tons, the returns for the year 1877 being 
the lowest since 1852. It is in the item of foreign ship- 
ments that there has been most depression—274,409 tons 
in 1877, as against 303,752 tons in 1876, and 368,453 
tons in 1875. The decrease of 29,843 tons in 1877 is 
chiefly due to the lessened demands from Germany and 


Belgium. The United States and Canada also took less | % 


quantities, whilst France, Australia, and the East took a 
few thousand tons more than in the previous year. 
Coastwise shipments were rather larger than in 1876— 
170,654 tons as compared with 166,190 tons—the differ- 
ence being chiefly due to the low freights ruling between 
the Clyde and the Lancashire ports; but the deliveries 
by rail to England were 10,121 tons less than in the pre- 
ceding year. 

A somewhat extraordinary feature in connexion with 
the Scotch iron trade of the past year is that of the ex- 
cessive imports from the North of England. Including 
the pig iron from the Cleveland and the hematites and 
cold-blast qualities conveyed by steamers and railways, 
the total was the enormous quantity of 353,000 tons, as 
against 285,000 tons in 1876, or an increase of 68,000 
tons. The actual consumption of Scotch iron in Scotch 
foundries during the past year only amounted to 175,000 
tons, as compared with 195,000 tons in 1876, or a de- 
crease of 20,000 tons; while in the forges the consump- 
tion was 160,000 tons as against 175,000 tons in the pre- 
ceding year, the falling off being 15,000 tons—the total 
under both heads being 35,000 tons. The comparison 
under the general head of consumption stands thus: 





1876. 1877. 

Tons. Tons. 
Scotch ons ae 370,000 335,000 
English... on 285,000 oes 353,000 
655,000 688,000 


From these figures it will be seen that the total con- 
sumption of pig iron in Scotland during 1877 was 33,000 
tons more than in the preceding twelve months. It may 
also be mentioned that this is the largest amount of con- 
sumption on record, while’ it is supposed to have left 
the smallest margin of profit to the manufacturers for 
many years past. The quantity of malleable iron pro- 
duced during the past year was 218,000 tons, as against 
230,000 tons in 1876, or a falling off to the extent of 
12,000 tons, which was largely due to the existence of 
the strike and lock-out in many of the Clyde shipbuilding 
yards during several months of the year. 

On the question of prices it may be mentioned that 
warrants were sold at 57s. 9d. on the 2nd January, and 
that there was a gradual decline—with comparatively 
few fluctuations of an upward tendency—until 51s. 6d. 
was reached at the end of the year. The average for the 
year was 54s. 4d. per ton, or 4s, 2d. under that of 1876. 

The stocks at Christmas were—in Messrs. Connal and 
Co.’s stores, 168,060 tons, as against 107,798 tons a year 
previously ; at the makers’ works, as per official returns, 
336,940 tons, compared with 255,202 tons at Christmas, 
1876—the total amount of the stocks at the two periods 
being 505,000 tons and 363,000 tons, or an increase of 
142,000 tons. 








THE “INFLEXIBLE.” 

Mr. E. J. Rezp, M.P., addressing his constituents at 
Pembroke on Wednesday narrated what he designated ‘‘ The 
whole story from the beginning’’ relating to the Inflexible 
t of ship. He said abou' my wh hgh 
sal thinking at the Admiralty in what manner we should 
ee ee ee ee 

m the vital parts of our ships in pi ion as the 
p-sel of the gun increased, and he him ey Ber 
a ship with a vo armoured central citadel, 
with armoured decks a few feet below water, covering all 
the lower ends of the ship outside of the citadel, and 
with light unarmoured ends above the water. He'made 
it an essential condition that the citadel should be suffi- 
ciently large in comparison with the unarmoured ends to 
give the whole fabric stability, however much the un- 
armoured ends might be knocked about. He not in 
the Admiralty a series of about five tentative outline de- 
signs, and found, as he expected to, that the best form 
for such a ship was one embodying beam, with 
extremely fine ends. At the request of the Committee on 
Designs, which sat in 1871, he gave the Committee a 
—- description of this kind of ship. The hon. mem- 

then gave a detailed account of his examination before 
the Committee showing that the questions and answers 
referred to the Inflexib! > ve of ship before the Inflexible 
herself was thought of, that he never en ined the 
idea of using cork in the ends as a means of defence. On 
looking at the Inflexible model he found it difficult to 
understand how she could either have that amount of 
stability which he had found from the first to be abso- 
lutely essential ; but ;he was assured the Admiral 
officers that i i 





Commniites woe neh 00 sao schne, 8 Coat of . 
nor was it an independent Committee, for three out of the 
eae here oe y 
of the Admiralty, while the fo is in the enjoyment of 
an Admiral ion. One of its members receives annually 
i », on the recommendation of Mr. 
a large contribution in money towards the ex- 
_of certain experiments which he carries on in his 
own private garden. Another of its members was a con- 
tractor, who had a valuable contract on the Inflexible 
herself. Both were high-minded gentlemen, but it was 
nly reasonable to expect that would make matters 
look as favourable to the Admiralty as they fairly could. 
The Committee were very unfair to him. mis- 
represented his case, and used his arguments and illustra- 
tions without acknowledgment. They recommended the 
Admiralty to non a new form of ship for vessels of the 
Inflexible type, but they failed to ackn that that form 
was i the one which he (the speaker) placed in 
evidence before themselves and before the prior Committee 
of 1871. But the Committee had been more unfair to the 
— ‘They had been guilty, he thought, of misleadi 
he public on the very essence of the questions submit 
to them. He had, when all private efforts failed, joined in 
the public protests made by the Times, and the result was 
that not one future ship would, in the face of the Com- 
Senquveen ienshatieen eit taeteetbaeiion? wat 
gerous ms whic ; 
the fourth ae which Parliament had voted the money 
for had not been commenced on the plan intended, but 
would be laid upon a new and improved plan, which 
would exclude the dangerous element he had complained of. 
The Ajax and Agamemnon, too, must undergo consider- 
able alteration, in fact, alterations had already been made 
in the Ajax, and he hoped that much more radical im- 
rovement would still be made, and finally the Inflexible 
erself would be altered. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The British Association at Shefield.—Owing to some 
lapse in the n ations ae Se for the m 
of the British iation there in 1879, it is ww ee 
to hold the gathering at Sheffield in that year a meet- 
ing to consider some of the arrangements will be held on 
Friday. 

The i Corporation Water Bill.—A meeting of the 

yers of De i 





ra of Dewsbury has authorised the) Town Council 
of that town to watch, and, if y the Batley 
Corporation Water Bill, but it is that a mutual 


arrangement is now likely to be made. 


Fatal Colliery Accident.—On Monday a great fall of 
roof took ane at the Norwood Colliery of the Sheepbridge 
Coal and Iron Company, and two men named Mallinder and 
Whittles were thereby killed. 


Dronfield Drainage Scheme.—Last week Mr. Morgan- 
C.E., held a Local Government Board inquiry at the town, 
hall, Dronfield, relative to the application of the local 
board of that place for a loan from the Public Works Com- 
missioners of l. to carry out a scheme of drai for 
the town. The sanitary necessity of some scheme of the 
sort was strongly set forth by the medical officer of health, 
but the plans shown were incomplete, inagmuch as thi 
showed no provision for disposing of the sewage, for whi 
purpose Mr. Morgan intimated six acres of land would be 
required. The inquiry was therefore adjourned, 


The Northfield Iron Works.—These works will now still 
remain closed for a time, owing to the failure of the com- 
pany owning them to induce their puddlers to accept a 
reduction in wages to the extent of 7} per cent. 


The Sheffield Jronworkers.—The puddlers of John Brown 
and Co. and Charles Cammell and Co. have agreed to accept 
a ee of 6d. per cwt. and the shinglers one of 5 per 
cent. 


Ilkeston Water Works and Sewage Schemes.—At last 
week’s meeting of the Ilkeston Local Board, letters were 
read from the Local Government Board inti 
inquiries would be held as to the local board’s a 
for a loan of 23,0001. for the purchase of the Water 
Works, and the construction of auxiliary works, which are 
estimated cod _ —_ yo A. ss om resolved to 
prepare p! at once for req or sewage pur- 
poses, and to hold a further meeting this week to decide 
about making application to the Loca: Government Board, 
&c., on the subject. 

Destructive Railway Accident.—On Friday morning last, 
os and tte ee cat ake ae from Penistone ran 
at high speed into the rear end of a goods train which was 
standing at the Crowden station of the Manchester, 
Sheffield, and Lincolnshire Railway, and smashed the latter 
train up. Ten out of fourteen trucks were destroyed, and 
with their contents were piled up as high as the telegraph 
wires which they broke down. line was blocked over 
twelve hours. 





VicTORIAN Rartwayrs.—The locomotive has now reached 
Hamilton, Victoria. i bout 220 miles 


through from to 

1878. The first section of the Gipps- 
opened by the Minister of Railways, 

October 5th. This section starts from Oakleigh, and 

as far as the B the distance 
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METALLIC PACKING. 

WE annex illustrations of a metallic packing for stuffing- 
boxes designed by Mr. M. MurrayJackson, of Buda Pesth, 
and largely employed on the vessels of the Danube Steam 
Navigation Company. As will be seen, the body of the 
packing consists of a cast-iron bush bored out to fit the 
rod. This bush is made in halves, truly adjusted to- 
gether, and on the inner surface a number of grooves are 
cut, into each of which a brass ring is introduced, as 
shown in Fig. 2 The halves of the bush are then 
brought together and held by two wrought-iron rings 
shrunk on at the top and bottom. The brass packing 
rings vary in dimensions with the size of the piston rod, 
those shown in the drawing for a rod 54 in. in diameter, 
are +, in. thick by 7 in. deep. They are bored out to a 
diameter slightly smaller than that of the rod, and are 
cut obliquely. On the outside of the cast-iron bush, 
grooves are turned, into which cast-iron rings are sprung ; 
the bush is then put in place and held by the gland, as 
shown. This packing has now been in use for a consider- 
able time, and some of the brass packing rings have been 
running continuously for eighteen months without 
sensible injury to themselves or the rods. 





STEEL FOR SHIPBUILDING. 
(Concluded from page 17.) 

Ar the Bolton Iron and Steel Company’s Works, we were 
received by Mr. H Sharp, the I r, who 
most kindly accom: us, together with his son, the 
works manager, and others, through all the departments 
of the works. ey have got as we have stated, on their 

remises, facilities for the manufacture of steel by the 
process, and also by the Siemens-Martin process, 

and we had the pleasure of seeing both systems at work on 
the same day. emane fan Searees se to ie descrip- 
tions of pig iron, &c., used, and the relative advan of 
the two systems. We were informed that they could with 
almost equal facility make soft steel by either process, but 
they preferred of the two to make soft steel plates by the 
Bessemer , as they could insure more orm 
results. it has been put to us by Dr. Siemens, however, 
that this firm uses the Siemens-Martin process only to a 
limited extent, to di of their Bessemer sk and 
scrap, and that they do not employ the Siemens process 
for which the purifying action of the ore, so to speak, is 
largely to. We watched the process of the 
Bessemer manufacture, the melting of the pig iron, the 
blowing out of the carbon, the insertion of the ferro- 
the ing of the ingots, their hammering 


have every confidence in the ability of this firm to uce 
steel ship plates of se capable of wi! 
ing the Committee’s tests, eminently suitable for ship- 
building. 


From every charge, whether Bessemer or Siemens, a 
small ingot is cast for the of testing, both chemi- 
= the percentage of carbon, and mechanically for 
the tensile strength and elongation. These tests are made 
before the ingots obtained from the —s in question are 
appropriated to a definite use. If, therefore, it is found 
to be too highly charged with carbon, and the tensile 
strength is too high, instead of being made into plates, the 
charge in question is appropriated to making rails or axles, 
or for other suitable purposes. This is a contingency that 
seldom occurs, but the precaution is always taken of making 
the tests before using the ingots. The same precaution 4s 
taken at the Bolton Steel Works in this respect, whether 
they make ee aa by Rt oy or se 
process.* ition ing every c in the 
manner aforesaid, there is a man always employed at an 
anvil alongside the shearing mills, whose duty it is as each 

late is sheared to take a pi of the shearing from 16 in. 
18 in. long, and from 1 in. to 2in. wide, for the pur- 
pose of submitting it to the temper test by bending it as 
required by the mittee’s test after it been heated 
to a cherry red, and quenched in water at 82 deg. Fahr. 

These samples of every plate are stamped with the 
number of the plate, the number of the charge from which 
it is taken, and whatever marks ithere are on the plate, 
and it is then kept at the works for reference. Mr. g 
states that he would not let a single plate out of his 
works pners comes Ge temper test to a shearing from 
it. And we found the custom of testing a shearing from 
every plate to prevail at all the works we visited. At J. 
Brown and Co.’s Works, at the we Works, and, we 
believe, at all the works now manufacturing soft steel 
— for ships, boilers, or other purposes, it is the custom 

test a shearing from every plate, either by a simple 
cold bending test, a | a —— test. And the general 
opinion found to prevail was in order to prevent a 
deterioration in the quality of steel plaves for shipbuilding, 
the Committee should require in some way a guarantee 
re na manufacturers that every plate has been so 
tested. 

A most striking example was shown us at one of the 
works we visited, of the necessity for a li i 


lied to a every ; andit 
ae oie tak tak iene weal bee temas ton 
instead of an ordi cold test. The firm in question was 
at the time manuf: ing both soft and hard steel plates, 


and in passing through rolls a hard plate became sub- 


* We learn that at works where the Siemens process of 
i Pie Se See ee eee & ee 
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stituted for a soft one. After passing through the rolls 
the plates were annealed before being sheared, and when, 
after shearing, the hard plate came to be tested by the 
temper test, instead of the strip bending to the required 
curve it broke off short. This led to the marks on the 
= being examined, when the source of the error was 

iscovered. It had come from a charge capable of stand- 
ing 36 tons to the square inch, and was never intended to 
be used for soft steel plates. And we have not the slightest 
doubt that by means of a temper test of this kind, which 
can be easily applied at the works to eack plate, without 
causing the slightest delay, and at a mere trifling cost, any 
hard and brittle plate would be immediately detected. A 
simple cold ben test would not be so effective, for the 
reason that it might not detect a hard plate that had been 
well annealed before shearing ; but by tempering the strip, 
the hard and comparatively brittle nature of the plate im- 
mediately discloses itself. 

At J. Brown and Co.’s Works the care exhibited at every 
step of the manufacture, the tests and precautions systema- 
tically adopted to insure high quality and uniformity, are 
of the same excellent and complete nature as at Bolton. 

They can work charge after charge by the Bessemer 
process, containing as nearly as possible the same uniform 
percentages of carbon and manganese, and withstandin 
the Government tests with the utmost regularity. Sti 
they invariably test every c to ascertain the per- 
centage of carbon before appropriating the ingots of that 
charge to any special purpose. 

A most men ie series of experiments was made in our 
presence at Messrs. J. Brown and Co.’s Works, and we 
were accompanied through the several di ents of their 
extensive premises by Mr. Ellis and . Burridge, the 
managing directors, who tendered the fullest information 
on every point to which our inquiries were directed. e 
visited the laboratories at both Bolton and J. Brown and 
Co.’s Works, and saw [the chemical tests applied. The 
ordinary test, which is a simple one, is olepted gene- 
rally, and is termed the “‘ colour test.’’ 

It consists of dissolving a certain quantity of steel, 
weighed with the greatest minuteness, in a fixed quantity 
of nitric acid. This solution is of a straw colour, and the 
shade of colour depends upon the amount of carbon. If 
there is a large percen of carbon, the colour is deep ; 
if the percentage is small, the colour is proportionately 
light. These solutions are made in glass tubes, and they 
are compared in colour with standard tubes, similar to the 
accom) ing one, containing certain known and fixed 
percentages of carbon ; and the fluid to be tested is diluted 
with water in a graduated tube until the colour with 
that of the standard, and the percentage of carbon in the 
steel is given by the reading on the graduated tube. This 
test is said to be absolutely reliable until the carbon be- 
comes as low as .15 per cent., and is a very fair indication 
down to .1 per cent. ; but below this the test is not con- 
sidered accurate. Modifications of this test are said to be 
used now at some works capable of testing accurately as 
lowas .05 per cent. of carbon, but at other works, w 
it is found necessary to test accurately for carbon below 
-15 per cent., a different is followed. 

An interesting process for this purpose was shown to us 
at Messrs. J. Brown and Co.’s Works, which may be briefly 
e as follows: A given quantity of steel is put ina 





ution of chloride of copper, when the copper and carbon 
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are precipitated and the iron goes into solution. Excess of 
hydro-chloric acid is then added, which by the aid of the 
chloride of copper dissolves the copper, leaving the carbon 
behind. This is filtered through an asbestos filter, the 
carbon is dried and burnt in an atmosphere of oxygen, and 
after going through various chambers to free it from im- 
[seme carbonic acid is produced. This is weighed and 
rom it the exact quantity of carbon in the steel is ascer- 
tained with the utmost degree of nicety. Other tests 
which were described to us are adopted for measuring the 
quantities of, manganese, silicon, and other substances in the 
steel, but these we need not dwell upon. 

Our visit to the engineering works of the London and 
North-Western Railway Company, at Crewe, was doubly 
interesting to us from the fact that in addition to manu- 
facturing steel for their own use both by the Bessemer and 
Siemens-Martin processes, we were able to see the engine 
shops where the steel was being manipulated. Mr. Webb, 
manager of the Crewe Works, who ies perhaps more ex- 
perience of the manufacture and use of steel plates than 
any other person in this country, accompanied us over the 
establishment, and expressed himself freely as to the result 
of his experience with both the Bessemer and Siemens- 
Martin processes. Not being concerned in making steel 
plates for the market, Mr. Webb’s testimony is as impartial 
as that of any one we could hope to pone and he says 
they find not the +o diff culty in making soft steel 
plates by either the mer or Siemens-Martin process 
of a perfectly uniform, ductile, and trustworthy character. 
The North-Western Company e nearly the whole 
of their locomotive engines and boilers, tyres, axles, 
crankshafts, &c., of mild steel; and their experience of it 
is of the most satisfactory nature, and derived as it is from 
the enormous mileage run, and also from the results of 
accidents, such as collisions, &c., no experience could be 
more valuable. The steel plates used at Crewe gre some- 
what more highly charged with carbon, and therefore 
stronger than would be aimed at for ship plates, but the 
circumstances are different, insomuch as they use the 
material on the premises, and there is consequently no 
difficulty or any serious objection to the plates being all 
annealed after they are sheared und omibel, and ready 
for use. In ship iuien, on the other d, it is of great 
importance that the steel should be sufficiently mild not 
to need annealing after being punched at the shipbuilding 
yards. Our visit te Crewe confirmed us in the belief that 
mild steel capable of withstanding the Committee’s re- 
quirements, and of a uniform character, can be manu- 
factured by either the Bessemer or Siemens-Martin pro- 
cess, provided adequate skill and care be exercised in its 


production. 

We discussed very fully with the manufacturers the means 
which could best ro & ted for securing uniformity of 
quality in ship plates, and preventing brittle plates being 
supplied for ships intended for classification in the Register 
Book. It was on all sides recognised to be a matter of the 
highest importance to prevent the quality deteriorating in 
the event of the price being lowe and a great demand 
springing up for this material. And it was understood 
that whatever other precautions were adopted, the final 
test would lie with the surveyors in the shipbuilding yards 
— the progress of the ship, and that the Committee 
would hold them responsible for the rejection of all pla’ 

ing t' ditions required 


and angles incapable of he con: req . 
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iversally agreed that a common brand or we were axzious to milasss come sqperina tsofakind that| And the Committee will require 
sack te danaeet on every plate and angle to serve as | are too seldom made, but which have a most important that every plate, beam and le 
a guarantee from the manufacturer that the steel so marked | bearing on ship! » viz., the relative stiffness or supplied for these ships shall 
should withstand the Committee’s tests, would go far to rigidity of steel plates of reduced thickness as com a two 
mote uniformity; and it was urged that this brand | with iron plates [age local bending or buckling , a eg a bi } to the 
should also be a guarantee that shearings from every plate | the frames. At the Bolton Works the stiffness of y¢ in. ollowing, thus: denoting that a 
so marked had been submitted to and su ly with- | steel was tested against ,, in. iron, and the difference was shearing from the[plate or angle so S 
stood the temper test, of being heated to ch red, | found to be very slight, as may be seen by the detailed | marked has successfully been bent r as 
dipped in water of 82 deg. temperature (Farenheit), and | results in _the appendix. Further comparative tests| cold after being tempered as de- E 
bent cold round a curve the inner diameter of which is three | between thicker plates have been promised us by Mr. | scribed in the temper test which fol- . 
times the thickness of the plate. Sharp, the director of those works. At Messrs. | lows, and that the or angle in question is capable of 
As the present manufacturers of mild steel deem this | J. Brown and Co.’s Works, tests of a nature were | withstanding the whole of the tests contained below.* 
precaution of testing shearings on oom plate a 4 ot ae - in. Sith, end ates f D: Tests. 
- - ong 4 a ick, 1 ’ ; , 
sary one for their own satisfaction, i respectfully and gg ‘Onver we ein wae bags velative stiff. Strips cut lengthwise ee of plate, and alse 


mitted the Committee might with great advantage make 
this a condition and of the tee attached to the 
special brand. It would in all probability be found effective 
because the bent age 4 would be marked with the same 
numbers as the plate and kept, and it would be ely 
ible to reconcile or explain the fact of plates being 
Found brittle at the a , while ductile shearings from 
them were exhibited at the steel manufacturers. : 

Among the experiments made were some to determine 
how the length of the specimen tested affects the percentage 
of elongation, and these showed most clearly that if a fixed 

mtage of elongation is required, the specimen should 

of afixedlength. If, on the other hand, latitude is per- 

mitted in the length of the specimens to be tested so as to 

suit the different testing machines, there skould be a sliding 
scale for percentage of elongation. 

In specimens which stretched about 20 per cent. in a 
length of 8 in. it was found that in 6 in. the stretch was 
25 per cent., and in 4 in. about 32 per cent. “At Crewe 
the specimens tested are all 2 in. long, and the elongation 
averages about 37} per cent. 

The reason for these differences of percentages in elon 
tion is obvious, and arises from the fact that near the point 
of fracture the elongation is much greater than at other 
parts of thespecimen. With material, therefore, of equal 

uality, the shorter the specimen tested the higher will be 
the percentage of elongation, or on the other hand com- 
paratively hard and brittle steel might easily be made to 
show the — 20 per cent. of elongation by making the 
specimen to be tested sufficiently short for the purpose. 

Another point of our investigations which received 
our most anxious attention, is as to the limits within which 
the tensile strength should be confined. 

In the Committee’s circular, the limits are from 26 tons to 
30 tons, and this agrees with the Admiralty requirements, 
but the weight of evidence we have been able to collect since 
the issue of that circular, is in favour of somewhat higher 
limits. Mr.S , of the Bolton Company, Mr. Webb, of 
Crewe, and Mr. Ellis, of Messrs. J. Brown and Co.’s Works, 
—~ that the upper limit might be raised to 32 tons per 
inch without the slightest fear of obtaining brittle plates, so 
long as the temper and other tests are enforced. The 
Dutch Government stipulate for a tensile strength of from 
27 tons to 31 tons, iin their present contracts with the 
Bolton and Landore Steel Companies, and in contracts for 
boiler plates and other uses, the limits are fixedas high as 
33 tons, although the steel has still to be mild and ductile. 
It is said by some that when steel gets down to about 
26 tons in tensile strength, it —_ to be more spongy, 
and is less capable of being welded than steel of 28 tons per 
square inch, and it is that steel between 30 tons 
and 32 tons strength, if it fulfils all the other conditions of 
ductility, is a better material than the weaker, and some- 
times less ductile, material having a tensile strength of 
26 tons. Indications seem to show that these lower limits 
are more easily reached by the Siemens ateel, than by the 
Bessemer, and an advantage is claimed for the latter at the 
higher limits. After giving the matter our most careful 
consideration, we are of opinion that it would on the 
whole be preferable to fix the limits at 27 tons to 31 tons 
per square inch, rather than 26 tons to 30 tons. 

For rivet steel, our inquiries go to show that very mild 
steel of special quality having the lowest limits of tensile 
strength, will be found most suitable, as might ‘perhaps 
have been expected. 

Summing up the results of our recent visit, we would 
respectfully submit that there does not ap to be any 
reason, at the present time, to make a distinction in steel 
ship plates, between those made by the Bessemer and those 
made by the Siemens process, provided the requirements 
of the Committee’s tests be fulfilled in both cases, and we 
are fully convinced that practical uniformity can be ob- 
tained by either process, provided proper skill and care be 
eundael, such in fact as is exercised in the firms we have 
had the pleasure of visiting. Full details of the tests 
made with some sketches, where necessary, illustrating the 
nature of theexperiments, are given in an appendix. The 
tests made at Bolton and at Messrs. J. Brown and Co.’s 
Works, confirm each other as to the great ductility of this 
material, and fully bear out what has previously been pub- 
lished in reference to the qualities of mild steel made by 
the Landore Siemens Steel Company, the Steel Company 
of Scotland, and other works. There were fifteen tests made 
at Messrs. J. Brown and Co.’s Works, and as many at the 
Bolton Works, and the specimens have kindly been forwarded 
for the Committee’s inspection. Some other tests have 
since been made at our suggestion, but these have not yet 
been received, and Dr. Siemens has kindly offered to under- 
take a farther series of tests, at the Landore Works, for 
the information of the Committee; and the Steel Com- 
pany of Scotland (whose works the Visitation Committee 

an opportunity of inspecting) have also undertaken to 
supply us with similarinformation. It is right to add that 
Messrs. Cammell and Co. have also exp their readi- 
ness to afford the Committee any information in their 
am, and it is hoped that if further investigations 
ewe pag noon we may be able to avail ourselves of their 


ind offers. 
In addition to the ordinary bending and tensile tests, 





ness .of iron and steel angle irons are in 


firm, and they will it is hoped throw 


onthe subject. The percussion tests made at Messrs. J. 
Brown and Co.’s Works, and also at the Bolton Works, 


are most interesting as bearing upor the relative qualities 
of iron and steel, under ci resemb a vessel 
striking the ground or in collisionat sea. At Bolton these 
experiments were made by allowing a steam hammer weigh- 
ing 25 tons to drop through a height of 2 ft. on a ball 8 in. 
in diameter, cuntian on the unsupported middle of the 
plate. The steel stood the test each time without showing 
symptoms of cracking, whereas the iron plate broke, as 

own by the samples. é 

At Messrs. J. Brown and Co.’s Works, the percussion 
test was made by allowing a ball weighing 30 cwt. to fall 
on the unsupported middle of the steel and iron plates, from 
distances ing from 5ft. Gin. to 12 ft. high. The first 
blow from a height of 5 ft. 6in. cracked the iron plate, and 
these cracks were much extended when the plate was 
turned up and struck on the other side from a height of 
8 ft. With the steel plate the first blow was from 5 ft. 6 in. 
high, this produced no flaw, the plate was then turned uw 
and struck from a height of 8 ft. 6 in., it was then : 
over again and struck from a height of 10 ft. and was 
turned over and struck from a height of 12 ft. and still no 
crack or flaw was found in it. These plates are here for 
the inspection of the Committee, and sketches have been 

repared to illustrate the experiments more fully. It should 
i. added that the plates tested both at Bolton and Messrs. 
Brown and Co.’s ge my a the steel plates, were boiler 
plates of a superior q = to that usually supplied for 
ships, as will be seen from the samples and from the tests 
py Pompe the fullest inquiries it is gratifying to be 
m e inquiries it is gra g 

able to - bre ther: Committee’s — a. issued 
on Steel for Shipbuilding appears ve met with very 
general approval. ry: ® same time after a most careful 
consideration of the subject in connexion with our recent 
visit, we are of opinion that the circular would be improved 
and the Committee’s objects be more fully out 
the ae alterations and additions, which we 
believe would be cordially accepted by the manufacturers 
and others in q 

1. A special brand similar to the one attached should be 


nired to be ibly stamped in two places on every plate | C: 
ew ia and tela choad ia cagn aiee 0s sesame 


'y 
the manufacturer as denoting on his that the material 
is capable of withstanding the Committee’s tests, and that 


a shearing from each plate or angle so marked had alread 
been satisfactorily submitted to the temper test req 
by the circular. 


2. The limits within which the tensile is fixed 
might with advantage be raised so as to become from 27 to 
31 tons per square inch. d 

8. The elongation of 20 per cent. required should be 
ey 

en for testing, the ns 
correspondingly — 
ee Chief Surveyor, Lloyd’s Register. 
Harry J. CornisH, ‘ A 
Wintisu Jou,” } Assistants to Chief Surveyor. 
Lloyd’s Register of British and Foreign Shipping, 2, White 
"Tien-stent, Cornhill, London, December 6, 1877. 


Notice No. 392. 


Luioyp’s REGISTER OF BRITISH AND FoREIGN 
SHIPPING. 


Ships built of Steel. 
Notice is hereby given that the Committee of this Society 


have this day the following resolutions, amendi 
— No. in regard to the classing of ships built o: 
steel : 


1. In all cases where it is proposed to build ships of steel 
for classification in the ister Book, a sketch of midship 
section with longitudinal p: showing the details of the 
scantlings and arrangements, must in the first F even be 
submitted for the approval of the Committee, and the vessel 

so approved must be built under special survey. — 
we reduction of 20 per cent. in the thickness of 
built of steel from that 


2. A general ) 
the plating, frames, &c., of shi; 
pedne ey h Tables G1, G2, G3, and G4, for iron ships 
of the 90a grade or above will be allowed, subject to such 
modifications as may be deemed necessary by the Committee, 
according to the size of the vessel, when the plans, &c., 
are submitted for their approval.* 

8. The steel to be used in ships building for classification 
in the Register Book, will uired to stand the follow- 
inspection of the 





the size, but no other 


iron without the special 


hand at this 
valuable light | 


also | thracite 


if built of iron. 
5. In other res the rules for the construction of 
iron ships will apply eq to ships built of steel. 
By order of the Committee, 
BERNARD WaYMOUTH, Secretary. 
2, White Lion-court, Cornhill, London, E.C., 
December 20, 1877. 
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FOREIGN AND COLONIAL NOTES. 

Coal Measures of Missowri.—Mr. G. C. Broadhead, for- 
merly State Geologist of Missouri, estimates the area of 
coal lands in that State at about’ 22,925 square miles. 
This includes 8406 square miles of upper or barren mea- 
sures, about 2000 square miles of middle, and 
12,420 of lower measures. He says: ‘‘ The aggregate thick- 
ness of the upper measures is 1317 ft., including only 
about 4 ft. of coal, of which there are two seams of one 
foot in thickness, the others 


tal thi of 
-» in which are embraced about 7 ft. of coal, 
including two workable seams of 21 in. and 24 in.; one 
other of one foot, that is worked under favourable circum- 
stances, and six seams too thin to work. The lower measures 
include from 250 ft. to 300 ft., embracing t five work- 
able seams of coal, varying in thickness from 1} ft. to 
44 ft., and thin seams varying from 6 in. to. 7in., and 
several minor seams and streaks, in all 13 ft. 6 in. of coal.”’ 


The Early History of Anthracite.—The first use of an- 
as a generator of heat known to have been 
by a blacksmith in his forge in ee Ve 
lvania, in 1769; and the first shipmen 

for market was in 1775, from where Pittston now stands to 

arlisle, for use in Colonial Government forges. But it 

pnemepdene ge that the future value of the —- 


came assured. 

more than 100 years 
ago, it is only about 50 years since that it came to be used 
to any considerable extent, and not until 1829 was the first 
shipment made to New York. This was owing more to 
the lack of transportation facilities than to any other 
cause. 


New South Wales Coal:—The output of coal from the 
Hunter (New South Wales) collieries for the four weeks 
ending with October last year, amounted to 109,544 tons, 
of which 21,104 tons were shipped to Sydney, 2149 tons to 
the Clarence River, 79 tons to the Ri River, 24,852 
tons to Victoria, 5798 tons to South Australia, 16,492 tons 
to New Zealand, 906 tons to Tasmania, 1065 tons to 
Queensland, 14,360 tons to San Francisco, 12,555 tons to 
China and Japan, 2388 tons to the East, and 1118 tons 
paraiso. Some 2754 tons were taken by steamers, and 
5126 tons for home consumption. 

Great Indian; Peninsula Railway.—The Anglo-Indian 
Government is proceeding with the construction of a line 
132 miles in length, intended to connect the north-east 
and south-east lines of the Great Indian Peninsula Rail- 
way above the Ghats. 

The Westinghouse Brake.—The Westinghouse brake is 
about to be applied to 1000 carriages and 100 locomotives 
on be rm og Penn any : one work Ke be 
completed before the opening versal Exhibition 
at Paris, May 1, 1878 





made, was 
district of 


D a dock, which 
will tend greatly to dev the commerce of the colony. 
ewehGuasteel ton Ghieg aide admirably ly elaptel for 
iso col wi is ‘or 
the purpose and for shi building py. ae wil 
iho sinabh tin Ghouenbiar Bay where it will be sheltered from 
the weather at all times of the year ; its size will be suffi- 
cient $0 scccmmodate vesssis of 1006 tone register. 
American Locomotives.— The Baldwin Locomotive 
Works, Philadelphia, have received an order for 4 loco- 
motives from the Russian Government ; the engines are to 
be completed by March, 1878. 
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METALS. 


ANrTimonyY O88 (per ton)— 
Begulas (StAl) .10..0ccerceees 

Bass (per |b.) — 
SOC, 48 XK 24 ccessesessveres 
Yellow metal .....ssceceeees 


12 
ge 


CASTINGS, TYNE AND eee 


(per ton)— 
GUEAOTS ..0.c0.cccrereeeeenesees 
Chairs 


PIpes .corcerevssesseeeessesenees 


ey + oar — 
Chili 


seen eeeeereereeeeessooes 








180N Oks (per ton 
Red Ber 


Jaon Pie r ton)— 
Barrow No. 1 sesccossssoeese 
e = 2B rccoccrcecoeces 


Cleveland ii Ne. ; 0 eccceccsocee 


” ” seeeeecenees 


” ” e 
4 (Forge; 
Other qualities aveccecseses 
Welsh a Wales) ... 
» Qlerth Wales) .., 








OOrDDIOe wreceecsecssesereeees 
Monkland 


OlY GO. ccccciscrccccocccccccceces 








‘tf 


Sh 
North Staffordshire ,,.... 





South ’ 
Yorkshire Thornaby pig. 
Ridsdale 


Nos, land 2 .,, 


inon, WRovueaT— 
Cleveland angles.,,......0. 


Bocotch bars ,... eeeeee recone 
Staffordshire x me os 
7 os 


” seeeee 


Wolsh rails, 8.W. 


» boiler plates, 5. W 
» hoops, 8.W. 


we Wit seerecceoeee 


seneees 


eeereneee 






Sheet se 
PHOSPHOR ‘Baoxze— 
(POT CWE.) .rererssereeeeeres 
QUICKSILVER (per bottle) 
SonaP (per ton) — 
Old rails for re-manu- 
facture 
SePaLTER (per ton)— 
@ilesian, ordinar. 


FY svereeeee 


seen eeeeenneneonees 


SARC ELBISEN (per ton,— 


PP ry 





Sras. (er ton)— 
Best cast ..,..cscs000 oeneeeees 
- Seuss cake chines 
» Single ,, see eeeees 





” eeeesesonres 

” see cee seneue 

. ae ieee 
SrBEL CAsTINes (per cwty— 
— cylinders in 
not to ex- 

ged. reanne 


machines, &c., 1) to 


OWh.rece voccrscvecccercccocece 





©of cceced 


ecceececemoe al Coo amemece 


©ccoo™ 


en ee ee 
ecoowoococotouncoussw O* 


. — 
em e000 SeA00 2 a0 000 ecoocoscecce 
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ao 23 
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Sear 
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= 
co 


©oP eoes 
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SneosScococce 


°oo™ 








STEEL CASTINGS—Continued 8. d. 
Side 


OB, BC. ...... 00000 00-00 
Tumbler bars and other 
castings for dredging 
PUTPOSES .., ..s000 
Sweoise [non (F.0.b.) at 
ttenburg — 


Bar rolled. ai COCR CRO ree Cee eee 
» hammered. 
Tiw LAL nd ton) — 


SO oe seen ceeeensenennees 


Straits 
Billiton ,,,.. 
Banca 


secon enereecee 


© eeeceeeeecee 





Poeeceeeesens 





eee see reeececes 


English bars....,..c0s00+s000 
Sen refined, 
Australian...,...,...00o0vee ee 


Tin Plates box) —- 
L ATES (pet 


. eoereeseeeeecos 





Ix. 
LO, coke 
Zino (per ton) 
Sheets, English .......0000 
Wag, Fencing ...... 
» Telegraph (galvan’ 5a) 





COALS AND COKE. 


COALS (per ton)— 
Barrow ... 





Ne eee and ‘aa 





OoxkE— 
Ole Ela .....ecceceerereeeeee 


Darh 





OILS, GREASE, SEUSIORTORS 


OLLS (POF tUN) .,...4.s0s0rveeen 
py DOWD... ssese0e00 


» eed seecvescesescooeceee: 


Waele pale... eee. 

" yellow .. 

» brown, 

GLU 00. ce cee ees 

PsTRoLeuUM— 

Fine (per gallon) secscoses 

» Spirit 

PITon r cwt) 
British pa 





See reeves sanenees 





PLuMBaGO (per cwt.)— 
OCoylon LUMP pisces cesereee 





” dust oe eee cesses eneres 
Raltwar Gumase (per 
CWt.)—B080'S ..c.sere00e00 
Pritchard, Offer and Co.’s 
CONCENETALET ...r00000008 


Resin oe 


TALLOW (per cwt.) 
NN. AMETICAD crecorecerseees 
8. American beef .......+ 
BHOEP.... 00008 
Ausiralian beet eeeccccceces 


BROOD ccosesses 

fa y Pea WEN isin 
COWD ...cccsecsees 

Rough, = 


TAR—Stockholm (per acs 
TURPENTINE—Spicit— 

American (casks) ..,..... 
WIPINGS, engine (per owt) 





CHEMICALS, &e 


Aman 
Aquafortis (per Ib.) ...... 
Sulphuric acid (per Ib.) 
Sulpharic acid, brown .., 
AMmMoNIA — Muriate (per 
COM). ..cccrccscereecoence: seoeeres 
ARSENIO— 
White, lump (per ewt.) ... 
Powdered (percwt.) .. 
BLEACHING powder percwt, 
Borax—refined (per cwt.) 
BRIMSTONS (per ton)— 
WICGEP cpocccetecocesccceceseceeee 
Roll 
COPPERAS — green (per 
ton)— oe ceeees coeves 
Oorrtr — ‘Buiphate (per 
owt. 


Seeneeeceeseeeeseeseoses 





LEAD, pone &0., (per owt.) 


eee ronvenceeces 





Rese eeeeeeeceeeeereeeeeces 


SALTPETRE (per cwt.) 





English refined, kegs ... 
BOMDAY..~..0cserceeeeceeseores 
SODA Caustic ..cccccccceccoceee 
a cteovndendue 


° 
16 


8. 
10 


WO W-7 © Oo Ow 


9 
20 


™ 
RAP BRooo 


<a 
ao 


onah 


£3 


PeceePooeceee coos 


eecoceccoo 


ace eo woe 
OR ee 


esc anecen0e~ oon «wz 0 


Ce SSSPooa5* oF cone 


eacec + eacce 


8. 


go 


> 
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Cc) 
35 
34 
3t 


80 
8. 
° 
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eeocoee nano 
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TIMBER, DEALS, ae. 


(Por Potrsbarg standar®) 7 8. 
Archangel lst yellow..,... 19 © 
o 19 eeeeee 13 10 
svecses.sesceceers 1S O 


Peete & Riga white 
pa ae best 
80 white... 1 
wre? dein, “ee 

80 


rr rier 


and 4th 
Gatiene” 60s. “less” 


than 


Finland OBIS ..ecrereceseeee II 0 


” eesscores 9 10 
* H. 8. deals .. 8 o 
ae H. 8. battens... 7 10 


AMERIOAN DEALS— 
panes — lst cape pine... 1 


© Coco 


16 
18 
15 
10 


14 


11 

9 
17 
1§ 


1s 
Ir 
8 
8 


24 
14 





PRICH LIST OF MATERIALS. 


°° 
to 9° 
10 © 
°° 


°6°8 
to @ 


7 5 9 
wibated ine 40s., Par ig “and 108., Toss for ist. 























d, and ard, respectively. 
Oanadian spruce, Ist...... 10 © O If 10 © 
” ” md... 80 eo 9 OO 
ard «1 7 00 BOO 
New Brunswick spruce. , 8 eo 810 0 
Ditto we 710 0 8 0 Oo 
N. 8. & P. E, Isle spruce 710 0 8 © o 
U.S. pitch pine ......0612 © 0 1210 0 
ore load) 
Bed ae oe 
b pesateegecscneees 690 © 6 @ © 
Do. for yards aud 410 0 g 00 
Yellow pine, large w..0.0 § © 0 § 10 0 
Ditto waney board .... 4 00 § 0 0 
DittO SMAll ssersrssorserree $15 0 4 0 O 
Pitch pine..,., aces ; $ ° g10 © 
uebec...... soe sesteeses moo 7°00 
Do. United States 0.0 5 © 0 § 10 0 
Elm 45° § 00 
on Goees cot secennenernce $10 0 410 0 
Birch, Be wwe 4109 0 § 10 0 
Masts, red pine ..,..6.. 415 © § 0 © 
Oregon ..... 710 © 1010 0 
. 8 $.,° 10 0 © 
teak ., 1010 © Ir 0 © 
BEATE ..scresererereree 8 0 0 9 0 0 
Australian were 6 © @ 710 © 
Batic TIMBER (per load) 
Bi ga OF ervessesssrssrrerereee § 10 0 § ° 
Dantzicand Memelcrown 4°00 g10 © 
» ist mi sseeee $10 0 410 0 
” good, 
BNd 2Nd.wwwewe § 0 0 BIS 0 
» Common mid. 
GUNG... 210 0 § 0 0 
» Undersized ..... 2 § @ 2123 6 
» Small, short, and 
sesseessereeseorre 2 2 6 8 7 6 
116 0 g10 0 
210 0 215 © 
” sectseccescenns 2 § © 31S O 
» end bervenesr 
sesvenssnsecesseeternee EIS 09 8 § O 
meee) Boanos (per sq. 

First yellow ..ccsssvereee O14 6 O45 6 
1 WHILE ....s0sereeereee O12 © O13 0 
Second QIAlitiOs ...0++ss0004 ©10 0 ©0123 © 
The above prices “at the Docks.” 
LIVERPOOL. 

——— PRICES OF TIMBER, DZALs, &0. 

M BRITISH NORTH Ta AMERICA. 
PINs Tuisen (per cubic 
footstring measure) £5, a. £8, 4. 
Quebec yellow square ., o 1 4 © 3 2 
gt John's WB, Bin: 3 3 0 eB 
t. Joi “ ©2320 06084 
Mirasaioht “sa British 
° org e1f gs 
oo o1r3z o1r4 
e's eo *es°4 
o1r4e:3:s8s 
ers oa23sa: 
e018 e230 
org e1g 
°r9g e320 
Wainat Canadian and 
States 0... © $ 9 © 4 6 
Biroh, St. Jonas, ot, eis es tas 2 
” sessesssereeee O@ EF ZB OT S 
ova Scotia and 
Brince Edward Island or2a2 @©14 
DSALS AND BATTENS (per 
Petersburg standard) 
Gees peeen ee tat, 1910 © af 0 © 
Quebec yello’ rnd 1310 © 14410 © 
a“ 10 @ g10 0 
st. John, "Bangor, ao, 
ee fe be e.|68 : ° 
er eenceeeee c ° 
eeeeaiame =~ assoenes ee qr ° H eo 
- eevcceceseoe °°0 61 0 
(ALL) seocrccssesseererereees § © O § 10 


From THe Unirep Staves, East AND Wast 
INDIES, AND AFRICA. 


(Per cubic -— string 


measure 
Pitch pine, hewn = ...,...4 
BRWDseessesenser 


£a8.4 £5 
or4er 
o1r4er: 


aa 





eooeoee 
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Pitch pin planks £aea2 “4 
C) smcsee O FT 3 OF 
United Statesoaklogs ... 0 1 6 © 2 6 

Esicacet yes: 
(per 1d.) = © oe m0 @ 
G 6135 © 47g @ 
Demerara M MOFTS..e.000 S15 0 6 0 © 
Bullet tree (per foot)....., 02320 0 2 6 
FR0M THE BALTIO, £0. 
(ier eh. fh. geting mesetne) 
Fir timber, Rigared...... 0 1 3 oO © § 
Fir timber, Dantzic 
crown ... oraz e211 
Ditto, ditto, other or2e24g 
sneneecsedencenes or32 e348 s§ 
b eo10 of g 
DOR WOT scscctsccccrcesernsrene © OER 6 3S 
WarnsooTt (Logs calliper 
measure 
on © 6 3 © 6 Qg 
Ditto DrACK ..ecoseresrer © 4 6 08 § 
Oak timber, Dantzic 
(string measure) ...... © 20 © 3 2 
Pit props per lineal yard o o af © o 4 
DEALS, &c.— 
fe bas iy ge reg 
and 
J] 
« 7 $ 09 WB go 
Rein = Remen 1310 © 17 0 oO 
Wyburg....... 111 10 0 1210 0 
s Uleaborg ...... 10 10 © Ir 10 o 
° Gothenburg... Ir lo © 14410 o 
po Gefle and Stock- 
holm ,, ° 1 0 © 
e ° 1110 © 
be °° gto o 
os °o 7M © 
MAHOGANY, &c. (per soot ite) 
y DOMINGO vse © © THOT 4 
OUDE ccevssssssercsereeeereee 0 © 7 © 0 Of 
SAIC neccccccocscssocsevsessss @ © § @e@e7F 
Uedar, Havana, &C. s...0040 0 © 4 © 0 Sf 
Sleepers, Hackmatack, each 
9x10x5 s-s 6 6 42 
» Pine pe °30 © 3 6 
» Hemlock ,, o23 0 2 6 
BIT scssersescssrres © § 80 © § 6 
HULL, 
(Per load). 
Memel crown firtimber ... 4 7 6 © © © 
ad 310 0 gig o 
Riga and Dantzic ‘ist ose $ OO 45 0 
” wore 3 2 6 310 0 
Swedish «4 &10°O@ -3 © © 
19 BIMALL siescccesrrrree 2 9 6 210 0 
tLMDET ..+0000000 esse £17°6 32 0 0 
(Per cubic foot). 
Quebec CLM ...sserrveresssereree © 2 3 0 2 6 
- ©1rgo32 6 
©2320 033 
St. youn’s bi DITCH .,....0008'0 ET 9 © 2 0 
Pitch pine, — sommes O F § Or 8 
strsrmenee OT § © E 8 
cer Pelorsburge 
t Arch, and Onega red... « 1910 © 20 © 
” amen alg 19 © © 19 10 
white ., 11 10 © 123 10 
Wyburg red. svestivessseesenees I4 10 0 16 10 0 
Quebec lst pine . e0ee one 23 5 0 85 OO 
o 2nd ,, « wee 15 5 © 160 6 
pen rd, « owe IOI0 OC 11 O O 
th eocesececcce 26 810 0 
Gefle and Soderham mixed d1610 © 13 0 © 
Baltic 1st red flooring bds. 14 §s © 15 © © 
DittO WIC crecesesersssseserees ILO © I 10 0 


Oharge for labour 2s. per standard for deals, 
and 1s. 6d. per load for timber. 


WEST HARTLEPOOL, 

















(Per cubic foot.) 
Dantzic good middling fir... © 1 3 © o © 
Ditto common middling fir o 1 of o r 1 
Sundowall OF wecccccrrcsoeee O L TO E 

(Per Petersburg standard.) 

Gefle Ist red deals.........., 1610 © 17 © © 
ée o mis 6 
” o@ ii @ 
7° @ om 6 
n 
&c. . were 10 © 0 8 6 @ 

Tanadal Tst red deals ome If 20 @ 066 g @ 

11 D&LEOTS.......0000008 1410 © © © © 
»  *srdred soe TT 9§ @ € @ @ 
o MODS sseseveveree IO § © 10 7 6 
»  4thred deals... 910 0 o123 6 

DAGtENS....00000008 810 0 B12 6 

Gottenburg ard red wmwmee738:s 

Petersburg Ist red deals... 17 © © 18 § © 

Quebec Ist pine 3in. x 7in 
and up’ sesesereseessensee 2210 0 0 8 O 

Ditto, ditto, 202 scree If 10 0 8 0 O 

Ditto, ditto, 3rd ...,,.0z000reee 10 § © 10 7/6 

Charge for labour 2s. per standard for deals, &. 

and 1s. 6d. per load for timber, 
WISBEAOH. 

(Per d ) 

Gate let aoe wee 1710 0 0 0 O 
» we see If § 0 8 OO 

12 § © 12 7 6 

Petersburg Ist red battens 16 § o 6 7 6 

Tunadal 2nd red deals ... 1 15 © 1415 © 

o 8 « » ow 2 32612 § © 
3rd «1010 © 1013 6 
Wyburg Ist red deals ome 14 § © 1415 0 
- née ttems ...12 2 6 19 § © 

o peters re and 
eoseecescocce BE ” 6m00 
Wyburg 2nd red boards oe IT owuq7 6 

Free on caltway trestle. 


















Jan. 18, 1878.] 


ENGINEERING. 


4 37 





THE MANUFACTURE OF GUNPOWDER. 
By James A. C, Hay. 
Memb. Inst. M.E. and Assoc. Inst. C.E., &c, 
(Continued from page 2.) 
CHARCOAL GRINDING MILL. 

Berore the various ingredients are mixed to- 
gether they require to be pulverised or ground to a 
fine powder. In the case of charcoal, after being 
allowed to stand for a fortnight, it is ground in an 
apparatus somewhat similar to a coffee mill on a 
large scale. This mill (see Fig. 1) consists of a 
cone secured on a vertical spindle, and is provided 
with teeth running spirally over its entire outer 
surface ; this cone revolves in a cylinder provided 
with teeth on its inner surface; these teeth are spiral 
also, but incline or are curved in the opposite dires- 
tion to those, on the cone. 

The revolving cone is adjustable in a vertical 
direction, so as to increase or diminish the space 
between its teeth and those of the fixed cylinder, 
and thus a coarse or fine charcoal is produced at 
pleasure. This adjustment is effected by means of 








MACHINES FOR THE MANUFACTURE OF 


two hand-wheels working on a fine screw thread cut 
upon the small vertical cone spindle, which spindle 
can be moved upwards or downwards by means of 
the hand-wheels through the large Ho’ Ae shaft 
— which the bevel driving wheel is keyed. 

otion is communicated from this shaft to the 
small one by means of a feather upon the surface of 
the latter, which fits into and weeks fa & groove cut 
in the inside of the hollow shaft, The small hand- 





at the lower end of the reel into another bin, 


wheel is used for locking and securing the larger 
one in any required position. 

The — above receives the charcoal to be 
ground, and on the under side of the cone, and re- 
volving with it, there are a couple of arms that 

round the ground charcoal into the discharge 
spout, on one side of the fixed cylinder, and conduct 
it into a sifting reel; this reel is simply a skeleton 
cylinder of wood covered with copper wire cloth, 


having fine meshes or openings numbering thirty- 
two to the inch, 





whence they are taken and again returned to the 
hopper to be re-ground. The reel and bins are 
enclosed entirely in a wooden framework and cover- 
ing, so as to prevent the dust (which is very light) 
from spreading over the whole house. Doors are, 
however, provided in this wooden covering, and by 
means 0 = the ground charcoal can be removed 
as required. 

After being ground, it is usual to allow the char- 
| coal to stand for about eight or ten days before 
| using it, as, owing to the readiness with which it 
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GUNPOWDER, CONSTRUCTED BY MESSRS. TAYLOR AND CHALLEN, ENGINEERS, BIRMINGHAM. 


This sifting reel is driven by a pair of bevel 
wheels, and is set at a slight angle, so as to allow 
the charcoal to run readily ne the interior, and 
as it revolves it causes the particles of charcoal to 


be continually rolling over each other and covering 
new surfaces of the reel; thus the fine particles pass 
through the meshes of the wire cloth and fall into a 
receiving bin, whilst the larger ones are thrown out 








absorbs oxygen when in the pulverised state, it is 
apt to become heated, and spontaneous combustion 
to ensue, The danger from this cause is much 
lessened when it is stored in small quantities and in 
separa‘e iron cylinders or bins. 


SALTPETRE AND SULPHUR GRINDING APPARATUS, 
The saltpetre—if used immediately after being 
purified—is so fine as to require no further reduc- 
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tion of its particles before mixing ; butif it has been 
dried for storage it must, like the sulphur, be re- 
duced to a very fine powder. They are each ground 
separately in a small machine somewhat similar in 
eharacter to a mortar mill. The machine (see Fig. 2) 
consists of a pair of edge rollers or runners, travel- 
ling round a strong circular cast-iron bed, and re- 
volving at the same time on their own axis. The speed 
of these rollers is eight revolutions per minute round 
the bed, and they are each 4 ft. in diameter, and weigh 
80 cwt. Each one travels on a different path, one 
being near to the inside curb or ‘‘ cheese,” as it is 
technically called, whilst the other is further awa 

from the centre, and nearer to the outer curb. x 
shaft or spindle common to both rollers passes 
through their centres, and between them there is a 
crosshead fixed on a vertical shaft that,is driven by 


means of bevel gearing, the pinion being secured on 
the main horizontal Srivi shaft underneath the 
machine, whilst the shaft or spindle, upon 
which the bevel wheel is fixed, through 
the cr this latter with suit- 


able brass bushes in order to allow the rollers to rise 
or fall according to the thickness of the material 
under them, 

The material to be,ground—whether tre or 
sulphur— is spread evenly over the bed of the ma- 
chine to a thickness of about 14 in. or Qin. ; the 
rollers are then set in motion, and a very short time 
suffices to complete the operation of grinding. The 
material, when sufficiently ground, is shoyelled from 
the bed into tubs and these are emptied into a hopper 

laced above a sifting reel (see Fig. 3) which is similar 
in all respects to the reel before described, 
As this reel revolves, certain projections provided 
on the shaft strike against similar projections on the 
bottom of the trough that conveys the material from 
the hopper to the reel, and as this trough is slung 
under the hopper it is thus made to vibrate, and so 
causes the material to be shaken gradually from the 
hopper into the reel, The fine particles pass through 
a wire cloth, having thirty-two meshes to the inch, 
and fall into a bin provided for the purpose, while 
the coarse particles are thrown out at the end into 
another bin, whence they are taken and reground 
under the rollers. 

The ingredients are now weighed out very accu- 
rately, in the proportions of 15 of saltpetre to 3 of 
charcoal and 2 of sulphur, and as about 50 lb. of this 
mixture constitutes a charge for the pena 
mill, the quantities are tre, 374 lb. ; charcoal, 
74lb.; and sulphur, 5lb, These are placed sepa- 
rately in small bags, and taken to the mixing ma- 
chine. 

Tae Mixing Macuine. 

This machine (see Fig. 4 on preceding page) 
consists of a hollow drum of copper about 2 ft. 
wide by 3 ft. in diameter, which is made to revolve 
at a speed of thirty-five revolutions per minute. 
The bearings of this drum are hollow, and a shaft 

through them, having in the interior of the 
Fron an eight-sided boss or tube secured to it; into 
this a series of arms or flyers are screwed, there 
being five on one face of the octagon-and six on the 
next alternately, so that there are forty-four 
altogether. They are made of @ flat section, but 
forked at the ends, and provided with holes through 
their flat sides, and each one is set at a different 
angle to the next ; their points just clear the inside 
of the drum, and they revolve in the opposite direc- 
tion to it at the rate of seventy revolutions per 
minute. 

The three bags of ingredients (50 lb. in all) are 
emptied one at a time through a door into the copper 
drum, and after the machine has been five minutes 
at work they will be found to be thoroughly mixed. 

The door in the drum is now opened, and the 
composition falls down a shoot into @ tub, and after 
being spread out, is carefully examined, and then 

in the receiving bags. When the bags are 

, they are tightly tied up, and it is very essential 

that this operation be carefaily performed, for should 
the composition be allowed to remain loose in the 
bags (the i ients having different specific 
vities), the saltpetre would fall to the bottom, 
the charcoal rise to the top, and the sulphur 
occupy the centre, thereby a mixing ; and 
as any vibration caused by the working of adjacent 
machinery would be much against the composition 
retaining the thorough mixture given to it by the 
machine, the bags are put into small comm 
separate from all buildings containing machinery, 
me there laid on their sides, so that the weight of 

e sal 


sible. 


tre may affect the mixture as little as pos- 
he composition is now ready for the next 


eee, and this is performed in the incorporating 
mill, 


Tue Incorporate MILL. 

The inco: tion, or grinding together, of the 
three ingredients that form gunpowder is by far the 
most important process in the whole manufacture, 
for unless the minute particles of the three in- 
gredients be thoroughly blended and brought into 
the closet contact with each other, all subsequent 
operations—however well performed—will not com- 
pensate for the error. 

The incorporating mill, which is shown by Fig. 5 
on the preceding page, consists of two large 
and heavy ‘hard chill” cast-iron edge runners, re- 
volving on a circular cast-iron bed; the peculiar 
action of these runners or rollers is well adapted for 
thoroughly grinding and incorporating the several 
ingredients ; their great weight is for crushing the 
ingredients, which are also ground together by the 
twisting action produced by the rollers travelling 
‘round in so oulle circle. Each roller travels over 
the bed in a separate track, and is assisted by the 
plough (hereafter described), which mixes the 
material, so that it is subjected to crushing, grind- 
ing, and mixing by the one operation. 

ncorporating mills in a gunpowder factory are 
usually grouped together, and the motive power 
may either be water or steam; in either case the 
power provided should be capable of driving four or 
more pairsof runners. Each pair is so arranged that 
it can be disengaged or - in gear at pleasure by 
means of a friction-clutch, without interfering with 
the steady working of the engine or water- wheel. 
When the latter is employed, its poe’ is regulated 
by @ governor in connexion. with the sluice; by 
this means the flow of water is caused to immediately 
increase or diminish as'a pair of runners is put in 
motion or stopped, and thus a regular speed is 
always maintained. 

The runners travel round the bed at the rate of 
eight revolutions per minute ; they are 6 ft. 6 in. in 
diameter by 15 in. broad on the face, and they each 
weigh four tons. As already stated, the two travel 
on different paths, the one being near to the out- 
side rim or curb of the bed, while the other travels 
near to the inside curb or “ cheese.” A horizontal 
shaft or spindle common to both runners passes 
through their centres, and between them is a cross- 
head, fixed on a vertical shaft driven by means of a 
bevel wheel and pinion, the latter being secured on 
the main driving shaft that passes underneath the 
bed of each mill, and is common to all. 

The vertical shaft through the crosshead, 
and is provided with brass bushes, which allow the 
runners to rise or fall according to the irregularity 
in the thickness of the material under them. On 
each side of the crosshead and projecting outwards 
is an iron bracket, having a plough (made of a 
wedge-shaped piece of wood shod with felt and 
leather) fitted to it, and so arranged as to sweep the 
bed and keep the composition under the runners. 
The, one plough sweeps against the outside curb, 
immediately in front of the runner that travels 
round the larger circle, and the other against the 
cheese or inside curb, immediately in front of the 
runner that travels round the smaller circle, 
inside of the outer curb,..as. well as the outside of 
the cheese where the plomghs work and rub against 
them, are covered with copper or gun-metal. 

The composition attains a body in about one hour 
after the runners are set in motion, and the action 
of the ploughs in moving the whole of the material 
on and across the bed thoroughly mixes it, and sub- 
jects every particle to the same amount of 5 

Each pair of runners is provided with a tell-tale 
dial, which shows the attendant the time that the 
mill has to run, and enakles him to jndge the con- 
dition of the cake from time to time. three 
to four hours is the period a charge should be on 
the mill, providing the engine or water-wheel is 
maintained at its proper speed, This timing of the 
charge is a very important point in the manufacture, 
where powder of an equal quality is required, and 
the attendant has to watch for any change in the 
atmosphere, so that he may work the arge dry 
or moist, as the humidity of the air leads him to de- 
termine. 

The ingredients, or charge, as it comes from the 
mixing machine—50 lbs. in weight—is spread equally 
over the bed of the mill, and moistened with from 
four to eight pints of distilled water by means of a 
fine rose-ended watering pot, the quantity being 
regulated according to the state of the atmosphere, 





and as the experience of the attendant shows him to 
be necessary. ; 





The | pans 





The cake should be of a blackish grey colour, and, 
when broken, of a uniform appearance, without any 
white or yellow specks in it; the presence of these 
would indicate insufficient incorporation or grinding. 
Further, it should not exceed half an inch in thick- 
ness, in order to’ be thoroughly incorporated, nor 
be less than a quarter of an inch thick to insure 
safety, because if the runners are allowed to come 
in contact with the bed, the friction caused by their 
twisting action is so great that an explosion would 
almost certainly be the result. 

At the expiration of three or four hours, under 
the before-mentioned conditions, the charge will 
have attained all the properties of gunpowder, nor 
will the powder be oe by heavier runners or 
an increase of speed. For fine sporting gunpowder, 


‘however, the operation of incorporating is continued 


in some cases for as long as eight hours, and with 
heavier rollers, but it is doubtful whether the powder 
is much, if at all, a thereby ; the purity of 
the ingredients is of more consequence, inasmuch 
that on this the quality of the powder depends much 
more than upon a long or short period of incorpora- 
tion, for if regularity be observed and the runners 
are of one size and weight, and the charges are 
worked for an equal length of time and the 
—_ conditions, a fairly uniform powder will be the 
result. ' 

A method used by some for testing whether the 
incorporation has been well perfor is to take 
half an ounce of the cake granulated by land and 
flash it off on a glass plate; if a slight residue only 
is left on the surface it is a sign that the attendant 
has done his work thoroughly. 

It has already been stated that incorporating 
mills are generally in groups ; it becomes necessary, 
therefore, to prevent explosions spreading amongst 
the mills. This is very effectually done by the use 
of a drenching apparatus, which consists of a large 
board acting as a flapper, and placed horizon- 
tally over each pair of runners. This flapper is 
attached to a shaft running throughout the entire 
ae of mills, and in connexion with it, and imme- 

iately over each set of runners, is a copper cistern 
holding about 40 gallons of water, so arranged and 
poised that when the flapper is raised by an explosion 
the catch is disengaged, and the cistern overbalancing 
empties its contents upon the mill. This of course 
does not prevent damage being done to the niill in 
which the explosion first occurs, but as the whole 
are conn to each other by means of the shaft 
referred to, all the cisterns of the group are emptied 
at the same time, thereby drenching the charges in 
the other mills, and thus confining the damage to 
that mill wherein it originated, In addition to this, 
an arrangement is provided whereby the attendant 
can, in case of an explosion in any part of the works 
or in his immediate aalhbourtioed, upset the cisterns 
of water from the outside, and thus prevent the ex- 
plosion spreading. 

In a well-constructed incorporating mill all 
movable parts, such as bolts, nuts, &c., are fitted 
with the greatest care, and at each end of the 
runner-shaft, and also over and under the crosshead 
between the runners, large gun-metal discs or drip- 
are fitted; these not only prevent any oil or 
greasy matter dropping into the charge, but likewise 
any bolt nut, or_ pi t may have become loose in 
pene vicinity = a falling bare ate = 
charge, and ibl. ucing an explosion, if the 
mill #8 at work. is 

Further, where steam is employed as the mo- 
tive power in a gunpowder works, care must be 
taken at all times to prevent sparks being emitted 
from the boiler chimney; this may be effected in 
several ways, either by using anthracite coal, or 
coal and coke, for the boiler furnace, or by having 


a spark catcher or arrester fitted inside the flue at 
the of the chimney, or a number of baffle plates 
placed in the chimney itself in a zig-zagmanner. If 
proper pr are taken, and the flues are 
regularly cleaned out, there will be no risk what- 
ever in.using steam power. 

(To be continued.) 





HIRN’S THERMODYNAMICS.—No. X. 

IV. Digression.—Relation between Pressure and 
Temperature in Saturated Vapours.—So far semi- 
empirical semi-rational formuls exist which enable 
us to obtain approximately the pressure of a vapour 
from its temperature and reciprocally. The formulz 
which are tolerably exact for one vapour apply to 
all, and this leads us to suppose that a natural law 
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exists. This law is far from being of a simple 
nature however. 
The equation 





APu= Pr " 
Toe 
at 
can be put iu the form 
adT_ dP 
7 ae 


U 
by substituting r=A P »+p, and writing r=A H, H 
being the internal work, which is performed during 
the passage of the liquid (or solid) from the volume 
w, to the volume V,,. 


Under all hypotheses 
Vi-—avL 
H= Rdv 
wiv 


dy being the increase ‘of the interatomic volume 
which takes place during evaporation, whence 
dT_ dP 


T Vi— 
: i Veav. 
u—y 


P+ Vi—w,; 

This equation, simple from a mathematical point 
of view, is complex from a physical, the reason being 
that V, and w, are of a nature quite distinct from 
that of the variable v, the former two correspond- 
ing to a state before and after evaporation, and 
have particular values for P, and T,, the latter on 
the contrary corresponds to all possible values of 
V and w, at the same pressure and temperature, and 
the variation is independent of P and T. Neither 
R dvnor fRd x are functions of P and T, but the 
two limits v, and V,— are implicitly or ex- 
plicitly, for each of which corresponds a particular 
pressure and temperature and a particular sum H,. 

It follows naturally, in whatever simple and 
direct manner we may suppose 

=f na ee 
= v 
—v 
connected with P, the function P=g T cannot be 
algebraical, it must be of a transcendental form, and 
constitutes very probably a new and special tran- 
scendental. 

V. Relation which ewists between the Sum of the 
Forces R and the Atomic Weight of Bodies.—It is 
evident that the sum of R+P must depend on the 
quantity of matter present in a given volume, and 
consequently on the chemical weight: the question 
will not yet be examined from this point of view. 

Gaseous combinations take place in simple and 
definite ratios by volume, and it has been hence 
concluded, that the same volume — for every 
gas the same number of atoms. This law is only 
approximate, but it is possible to determine the 
degree of approximation, and important conclusions 
are derived from the principle. . 

Let A, be the density of a gas at zero and 0.76 m., 
a the atomic weight, and # the number of atoms, 
If the law of combination is exact, 


4” —const.—0.014833. 


a 
For hydrogen this constantis 0.014333, for nitrogen 
0.0143562, and for oxygen 0.014298, the approxima- 
tion is very satisfactory. : 

By means of this equation we can calculate the 
density of a gas or vapour. Thus the density of the 
vapour of carbon will be 1.072352, and that of the 
vapour of sulphur 2.8831. 

By not considering the sum of force which re- 
presents atomic attraction, the vapours have only a 
fictitious existence. But considered with reference 
to the second branch of thermodynamics, although 

hysically impossible at 0 deg. and 0.76m. they 
ave a rational character. 

The specific volume V=1 : 1.07235=0.9325 of the 
vapour of carbon, and that 0.34685 of sulphur, would 
be what a kilogramme of these bodies would really 
occupy at 0 ee. and 0.76m. if R could become 
nothing. It is physically impossible, but it is clear 
and correct in omag The which have been 
employed are those which obey the law of Mariotte 
uncorrected. 

At any other temperature T and pressure P, the 
constant would have the value, 











P 272.85 P 
0.01 =a 23, = 
const.—0.014333 076 T 3.91076 ¥ 
whence 
4”_3 g1076 P 
a T 
and 


- Pa 
Ac =3,91076 Tr 





ENGINEERING. 
SE 
If an experimental value differs from the 
sialnehaee Bhs aeiieaeine 
1. Even in the most dilute gases, the external pres- 
sure P is not the only force with which the heat re- 
ulsion is in equilibrium. We have also to consider 
. which in gases of low density (at great molecular 
distances) is so feeble that we cannot appreciate it. 
If then A. is the — which corresponds to P 
only, A, corresponds to P+R, and hence 
A: — P+R 
ey ie 
whence it follows that 


P+R= 
and P being known, 


nT Ae 
3.91076 a’ 





2. In gases which are far from their point of 
liquefaction, the atomic volume ~) may be disre- 
garded ; it is not so with dense vapours, In th 
in order to account for the difference of a, an 
A- we must take account of ./. 

aia a a (P+R) 
A 7 = 9-91076 AT’ 
but it is not really V which varies with P+Rand T, 
but (V —.))=», therefore 





1 : Tae? a (P+R) 
a as SBD, eee 
aye 
But we have 
vay 1-Av 
V—)— — —,.) = -—_ SY 
v A v Aa 
and hence 
Bet 4, a(P+R) 
itz =5.91076 — 


According toGay Lussac and Therard, the density 
of chlorine at 0 deg. and 0.76m, is 
Le =3.2088. 
Here we may neglect »), then 


442.66 1+R 
3.2088=3.91076 ae 
2 272.85 


1+R=1.0115 atm. and R=0.0115 atm., 
or about the hundredth has of P. 
Take hydrochloric acid. Its density is 
Le =1.6527 (?) 
a=221.33-+-6.25—=227.6 and N=2, 
whence neglecting ~), 
R=—0.0133 atm. 
In the same way for hydriodic acid, 
R=0.007 atm. 
3. Two examples will show where the difficulty 
lies. The density of water at one atmosphere and 
100 deg. is 





whence 


Sree 
Ae= Lag 00008, 


a=100+2 x 6.25=112.5 and n=3, 


1+R=—1.541 atm. and R=.541 atm. 
This is an incorrect result, more than five times as 
great as what has been originally obtained. 
For carbonic acid 


also 


“whence 


Ae =1.977414, 
whence 
R=0.505 atm. 
For carbonic oxide, 
Le =1.2542, 
whence 
R=0.00005. 


This value, though much too small, is not so 
erroneous as that obtained for carbonic acid, and we 
have here two compounds which only differ in the 
proportions of their elements. 

Let us take as a last example light carburetted 
hydrogen. At ordinary temperatures, according to 
Regnault, this gas follows the law of Mariotte, and 
in determining K, R was found to be small at 


average pressure and temperature. 

The density is 

Ae = 0.7228, 
also 
a=2.75+8 X6.25=200 and n=10, 
from which 
R=1.5214. 

The explanation of this tly anomalous 
value consists in that the in which A- is at 
fault are those only where there has been a contrac- 


tion, and the 

difference. 

n in place of R, 
For water we have obtained ney R= 

0.105 atm., whence 2=2.15, w - 


ter the contraction the greater the 
us reverse the problem and seek 


chemis 





nearl 
with the contraction from 3 to 2 adm 
Per avbonls sd ta sits put R=0, it follows then 


'¢ 


n=1.9933, almost the contraction of volumes usually 
admlitted. Put #=2, then R=0.0034, a value too 
To now to carburetted 


pass hydrogen; put 
R=0, and 2=3.966, or vec hg the cantendlian 
allowed for this whence also, substituting this 
value of 2, R=0.0086 atm., a small value, but not 
far from correct for a gas which nearly follows the 
es Me Mariotte. me lil 

e equation A. then is true for e gases, 
and for compound which do not ee in 
volume, in which the relative number of volumes 
admitted in chemistry may be substituted for n : it is 
quite incorrect for gases which contract; but to 
rectify the result it is only necessary to replace » by 
the number of volumes which the combined bodies * 
represent. The following is the application of the 


results of this paragraph to the law (F»). 


Let we be the relative number of atoms a certain 
combination represents, and w» the <r poe it re- 


smal, 











presents under the gaseous form. We 
SRM See P.+ T.’ a 
A. = 7-= 0.014883 Ot 
0.014838 x 272.85 (tm _@ 
10,333 T, No 
whence 
Pot Be vy, = 2640.9 Ne 
T. a 
The general law uy 
Pad) RC Vay) 


becomes supposing V, 
neglected, and in taking 


2642.2 Nv 
p=2642.9 NeT_ p, (=) 14+ 
au v 
where 
K=15 x) and from (Po+ Bo) Vo_og4g. 9 Ne 
fs a To a 
we obtain 


80 _ that .) can be 
Vo= e 





—_ men Me 
We have thus under the most general form 


(Pu) P=2642.2 (= ¥ a 202.2 N Tp.) 


No 
(=) 1+-0.41466 Ne 


an expression which gives approwimately, not 
simply a theoretical but the numerical relation which 
exists between the pressure, the absolute tem- 
perature, and the interatomic volume of & 
or of a vapour, simple or compound, of w. 
the chemical equivalent a is known, the num- 
ber of atoms N,, the contraction Ne, and a 
single experimental value V. , at the pressure re 
the temperature T,. The index of the ratio (~) 
is the same for all simple and compound in 
which there is no contractis.a when Ny =N, , its value 
” Meo atoteesd (P..) is onl ximate 

e expression (P, y » 28 } 
many of the date wixch are still doubtful should 
have exact values before it can be co; nume- 
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remarkable for systematic and convenient arrange- | 


ment, the area of land available being altogether 
out of proportion to the size of the establishment. 
The plant consists of two blast furnaces, a Bessemer 
works, a steel rail mill, an iron rail mill and puddle 
mill under one roof, a te puddle mill, and 
the ag machine, blacksmith and pattern 
shops, &c, ‘To the original mill there were added, 
in 1864, another rail mill (afterwards used for a 
steel rail mill), in 1869 the blast furnaces and pud- 
die mill, and in 1871 the Bessemer works. Of 
these, the blast furnaces, the puddle mill, and the 
Bessemer works are of esign, while the rail 
mills are old type and have required many alter- 
ations to fit them for a large product. For some 
— all materials were received and all rails shipped 

y water, and the buildings were arranged with too 
exclusive reference to this mode of working, but at 
present all shipments are made and much of the 
material received by rail, so that the conditions of 
practice have been reversed with considerable detri- 
ment to convenience and economy. 

The Blast Furnaces are shown in general Le by 
ee eee .2. A stac 
is illustrated in detail by Figs. 3 to 7 on the opposite 
page. They were built in 1869, as mentioned pre- 
viously, for the purpose of making a mill iron to be 
used in the manufacture of iron rails, but during the 
oe Se years they have been running steadily on 

er pig metal. The average product of each 
furnace has been 15,000 tons per annum, a» yield 
which is not large com with that of some 
os furnaces, but the satisfactory quality 
and the remarkable —t of both —- and 
quality have compensated for any falling off in 
amount of metal produced. The furnaces are 
— the > meg Mr. Tigh Cramer, 

ey are blown by two - ure 

engines, each with one steam cylinder Sin. in 
diameter, and two blowing cylinders 60 in. in 
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diameter by 84in. stroke, the three cylinders being 
——_ side by side on one bedplate, the steam cy- 
der in the centre. The average speed of the 
engines is 14 revolutions per minute, carrying 60 1b, 
of steam. The steam is produced in twelve cylin- 
drical boilers 60 ft. long each, by 48 in. in diameter, 
and heated by the waste gases from the furnaces. 
The chief fuel used in smelting is coke from 
Connellsville, Pennsylvania, in some cases mixed 
with 25 per cent. of anthracite coal. The coke 











T 





contains 12.75 per cent. ash and 0.75 per cent, sul- 
phur. The amount of fuel used is 1.32 tons, of 
2000 1b., to one ‘‘ton,” of 22681b., pig metal pro- 


500 miles to the works, and the anthracite comes 
from mines in Pennsylvania, distant about 800 miles 
from the works. The ores are Lake Superior 
specular from the New York, Jackson, Lake Ange- 
line, Superior, Barnum, and Michi i mines, 
The ores from the last mentioned are magnetic. 





duced. The coke is transported a distance of about | lift. 




















Fig. 4. 
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These mines are about 400 miles distant from the 

works by water transportation, but the ores can be 

brought by rail to the furnaces in the same cars in 

which they are loaded at the mines, The ores are 

mixed in sto the average composition of the 
0 


mixture being as follows: 
Per cent. 
Peroxide of iron 81.30 
Silica ah 15.20 
e and magnesia ; 
Phosphoric acid 12 


aed ee ee 
The fiux used is the Chicago magnesian limestone, 
which contains : 


Per cent. 
Silica ... 1.80 
Alumina , 0.95 
Lime .. sp oe 80.20 


Magnesia as SS ae 
Carbonic acid and water ... ae. .. 48.00 
Limestone from Kelly’s Island, Ohio, which is 
situated in Lake Erie, is also sometimes used as a 
flux, It contains: 
Lime ... Ge pay ies os ove ran 
The furnaces are worked with closed tops, and 
the charges are raised to the tunnel head by a steam 


Per cent. 
45. 


The blast enters the furnaces through four coil 
tuyeres (sometimes five, according to the working of 
the furnaces), the nozzles of the blast pipes being 
44 in. to 5in. in diameter, and the pressure of the 
blast near the tuyeres being from 24 lb. to 3 lb. per 





square inch, 
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sHOWING NATURE OF Work, CLAss, AND Prick OF MATERIALS EMPLOYED IN THE CONSTRUCTION 
— : OF THE Aquarium —continued 

















Price 
Class of Materials and OBSERVATIONS. 
Nature of Work. Losatien: Unit. - 0) 
rease in-| 6  “stnis tra will not be allowed t in here a formal ord 
t. Per 22 Ib. in-| 0 extra will not be allo exce cases whe order 
a 4 pk of sameeren une per of the engineer involves a mi cation of the quantities of 
cement in masonry. cubic yard cement specified in the articles above. It will not be, in any 
of masonry. case,. allowed to the already included in the extras in- 
dicated in the Articles allo for.extras, it being understood 
that these extras take account of the i in the t 
necessary. 
tof centering fo: Backs ot tanks, Per sq. yard; 0 1 4/The contractor will have to provide centerings for arches of 
— of all heights of horizon- all dimensions re quired, 
and to 6.56 ft. span in- tal covered The drawings of such centering will be approved of by the engi- 
clusive. surface. neer, who will decide the number of forms to be adopted. The 
responsibility of the contractor will not in any way be Rimainished 
by this decision. 
i f Galleries, Ditto. 0 1 10/All materials employed in the centering will remain the pro 
ong oral beights, of the contractor. of not more than 3.28 ft. span w: 
over 6.56 ft. span, not be considered as arches. 











200 yards, stones extracted, and of larger dimen- 
sion, which may be useful afterwards in the con- 
struction of the Aquarium. Ramming down and 
watering banks will only be allowed to the orders of 
the engineer; in such a case, the watering will be 
done at the same time as the ramming. Under the 
conditionssettled the following prices will be allowed 
for the different kinds of work. 

The price per cubic yard of excavation of all 
kinds, including digging, loading, transport, unload- 
ing, levelling up, and all other hand labour which 
is not indicated as coming under any allowed extra 
charge, ls. 7d. Extra for excavating per cubic 
yard of rock by blasting, 1s, 3d, Extra per cubic 
yard of stone quarried from the excavations, in- 
cluding loading, cleaning, and removing to the 
places which will be indicated in the vicinity of the 
Trocadéro, 1s. 3d. Extra per cubic yard of blocks 
of rock excavated, and being larger than one 
quarter of a yard cube, including deposit in depét 
at the places indicated within a radius of 200 yards 
5s. ; the size of each block will be estimated after by 
measuring three rectangular dimensions. Price 
per cubic yard of earth measured in excavation, 44d. 
‘The above prices will be paid only for work done by 
written order of the engineer in charge, and will not 
apply to the work included in the contract. 

The price per cubic yard for ramming and 
watering embankments, 2d. No extras are allowed 
beyond those just indicated. 

The following is a detailed estimate of the 
materials employed, and work to be done in the 
construction of the Aquarium, 


Excavation of all Kinds. 


a. & 
12,466 cubic yards at 1.51s. 895 0 0 
Extra for rock excavation. 
6,933 cubic yards at 1.2s. ti 416 0 0 
Extra for removed quarry stone. 
4,000 cubic yards at 1.2s. ... yee 240 0 0 
Extra for placing in depdt of blocks 
of rock. 
666 cubic yards at 3.6s. ... ove 120 0 0 
Total 1671 0 0 
Add for contingencies 329 0 0 


2000 0 0 
We now have to consider the actual construction. 
The schedule of prices given above shows in detail 
the nature of the works, and will give at the same 
time an idea of the method followed in the very 
careful preparation of the scheme, 








THE PENNSYLVANIA RAILROAD. 
No. LV.—Hanp Car, 
Fias, 1 to 6, on the following page, illustrate the 


type of hand-propelled car employed for permanent | # 


way gangs, &c., on the Pennsylvania Railroad. Its 
construction is so clearly shown in the drawing that 
but little description is needed. It consists of a plat- 
form, carried by a light frame’8 ft. 2 in. long by 4 ft. 
33 in. wide, and mounted on four wheels 4 ft. 3 in. 
apart. On the axle of one pair of these wheels is 
mounted a toothed wheel, driven by a large pinion 
that is actuated through two cranks and a connecting 
rod from a beam 3 ft. 8 in. long, with cross handles at 
each end. This beam is worked by the men on the 
car, and sitting accommodation for whom is pro- 
vided on each side, as shown in the plan, Fig 3. 
The oscillating beam is supported on a triangular 
frame straightened with vertical tie rods passing 
down to the frame. One pair of wheels is fitted 
with a brake controlled by a hand lever. 





With the exception of the special wagons for carry- 





ing guns we have now illustrated and describedall 


43 
the standard of rolling stock in use on the 
Pennsylvania Rai , and these may be taken as 


represen the best nt of railway ma- 
terial in the United States. It may be interesting 
to make a few compari between it and ee 
n ‘uropean stock, as regards gen 
haracteristics, weight, carrying capacity, &. 
The most striking peculiarity of American rolling 
pe is, Bes — exception, Powe vt as com- 
with English wagons. a rule type is 
carried on two four-wheeled trucks, reset on 
centres attached to the main frame. This truck 
and its construction is altogether a special feature, 
as also is the use of cast-iron chilled wheels which 
are of a smaller diameter than is usual in this 
country. The use of the trucks also involves an 
entirely different arrangement of springs, axle- 
boxes, and framing. Attention should be also directed 
to the entirely special type of coal car, illustrated 
and described by us on pages 8 and 9 azfe, and in 


c 





TABLE No. XL.—WeEIa@uHTs AND CAPACITY OF PENNSYLVANIA RAILROAD Rouurine STock. 






















































































ong ey to 
Figs., pp. 338 | 
7 Ratio of Dead) Capacity per 
anit 389, Ex CLASS OF Car. Length. | Width. | Height. | Weight. | Oapacity.| Capacity.! to Paying | Tom of Dend 
° Weight. Weigh t. 
vol, xxiv. 4 
ft. in. ft. in, ft. in, tons. cub. ft. tons, tons. cwt. 
54 pas- 53.2 c, ft. per 
Figs. 1, 2/First-class passenger car| 45 3 8 6 8 0 17,4 2877 sengers passenger 
»  %, 4|Sleeping car ~ $e - a 25 ee ie My 
» 5, 6|Express baggagecar .,.| 39 6 8 6 8 0 13.4 2686 10.7 lto 8 0 16 
» .% Cate er: an cl BO 9 0 8 0 8.5 1856 8 1 to .95 o 19 
» _9, 10)/Baggage and mail car ...|) 39 6 8 6 8 0 13.5 2686 » 10,7 lto .79 0 168 
» 11, 12|Standard box car 27 6 7 6 6 0 8.9 1297 10.7 1 to1,12 1 4 
» 17,18|Coaltrack,, .. ...)°10 4 6 0 26 3.5 263° 6 1 to 1.69 ee 
» 19, 20|Drop-bottom gondola ...) 31 1} 7h 1 6 8 350 10.7 1 to 1.33 1 188 
a aa oon wd bottom gondola 23 6 7 6 26 8 528} 148 1 to 177 1 164 
» 28, 24|Eight-wheel gravel car,..| 16 6 7 4 1 3 5.8 151 71 1 to 1.23 1 46 
* Includinghopper bottom. + With posts around sides 2ft.11 in. } Including hopper bottom. 
TABLE XLI.—Weteuts anp Capactry or VARIOUS TrPEs oF EUROPEAN ROLLING STocK. 
Capacity per 
NAME OF RAILROAD. Gauge.| Type: Class of Stock. Capacity Tare, Ton of d |Ratio. 
Weight. 
ft. in. tons, cwt. qrs.| tons. cwt. qrs.| tons. owt, qra.| 1 to 
W. A. Adams (Birmingham) ...| 4 ois Coal wagon op ooo owl 5S € 8 6 0 116 38 | 188 
London and North-Western ou a 
Railway... an ‘ns eee ‘ latform goods wagon... 6 0 0 315 1 a es oe 
London and North-Westers| ‘ 2 1 
BIE ce agen tage si ov ‘ ew . i ap AR oe ¢ 86 4 11 8 
London and North-Western] $i i " as 
ON z a seo Lowside_,, osbme 7 '@°% 412 1 1 10 1 | 1651 
Great Northern Railway pad Coal and goods wagon .,, a a 56 0 0 116 0/18 
Midland Railway - * hog Lowside _,, oe “ah 6 0 0 414 2 1 6 2 | 127 
* ” oe ” eee ” ” ” oe 7.8 6 415 1 ; 2 2 147 
North-Eastern Railway br ane 6 le 8 0 0 5 9 O}] 1 9 0/145 
Great Western Railway 4 8 ai Lowside ” ” 8 0 0 417 0 113 #O | 1,65 
” ” o veh ” ” ” 9 0 0 413 0 118 8 | 193 
Taff Vale Railway 4 8} one Coal wagon eo 8 0 0 315 0 2 2 8 1218 
8. J. Claye... pen pes ood ” ne 9 Sree “Sh 8 0 0 5 8 O 1 9 8 | 148 
Midland Wagon Company ... » |Standard| » ” oo ee let OBC CO i << 115 8 | 178 
Birmingham Wagon Company pm aa ” ” nee aes wa 8- Oe 41 0 1138 38 | 168 
” ” ” .«  |Broughton Coal Oo.’s wagon ,..) 10 0 0 4122 0 2 8 3 | 3217 
Metropolitan Wagon Company é mi Coal wagon oe oes | 6 0 0 41 0 1 9 38 | 148 
Gloucester Wagon Company o Standard ” ” eee 10 0 0 419 8 2 0 0/20 
” » ” ion ” ” : re 1 0 0 465 0 2 7 #O | 2.85 
Orleans Railway of France ...| ,, se Platform goods wagon, ..., 10 0 0 5 0 0 2 0 0 | 20 
” ” » ” ss Coal wagon ee aus JS ant See te 465 0 2 4 2 | 2.99 
Western ” ” ” Old |Lowside goods wagon ,, ; 6 0 0 40 0 110 0 [15 
” ” ” ° New (Platform ,, ) uw) lie eee eS 4 6 0 2 8 2 | 217 
- ” ” New /Highside ,, Sete 3 9 O 21 1 | 2.56 
Soudan Railway ... os | 8 6 be Hinged side wagon os ° 6 0 0 8 8 2 11 O | 175 
Festiniog Railway eee | 2 0 ae Slate wagon ° eee . » 2 8 oe 4 0 0/40 
” ”» “ee ” pe Coal ,, i vee! ae By 16 1 6:3 315 2 | 8.77 
” ” ” . Bogie coal os gee ale ar 79 8 11 2 | 357 
a TABLE XLII.—StaTEMENT OF THE WEIGHT, CAPACITY, AND DIMENSIONS OF WAGONS 
& 2 3 4 i 
8 5 = a3 ¥ E a i Z 
DESCRIPTION. E g FI 8 8 gas ; <8 
. ra Sq 3 4 nr 3 2 
. 8 & & z r) Ss 4 
e\3i¢é i | § af 8 $3 
5 B Se 5° ° a Ee 
sup. ft. | cub. ft.| cwt. cwt. in. in, cwt, jf tin. in. in cw 
PRvussiaAN STOCK. (about) 
Covered Sera ee 116.6 | 151.6 1.3 119.1 8 by 3} 2.29 3 30 
Low sided, open we o| 166,00 | 150 
gee o 3 foe } 99.0 | 163.0 1.64 116.0 | Sbys} | 223 a 30 
Ballast ... ss. see ons]: 158,87 | 212 
NORTH-EASTERN, 
Double chaldron coal = 198 67.75 | 120.0 1,78 79.87 8 by 34 142 nee 23 
Single * aos 100 34.00 | 53.0 1.55 34.5 ies Fee a 18 
Large hopper coal Mee 270 99.00 | 160.0 1.62 115.5 8 by 34 2.06 {8 10 by4 by 53 28 
Coke wagons ... se — as} 100.7 425 120.00 | 160.0 1.83 126.0 é: ta 2.25 ere ME a 
je ie 101.3 es 118.00 | 160,0 1,35 125.0 a ew * 2. 9 © Wteone ” 
vor high sided, open 102.0 430 101,00 | 140.0 1,35 106.5 ” ” 1. on a oa a 
High sided “ 113.7 256 100.00 | 160.0 1.60 116.0 aie 2.07 & Sm aL v 
»* b 108.7 163 96.00 | 160.0 1,66 114.0 aetna 2.03 Std gs ite :, 
Ame? ‘ s| 106.9 107 97.50 | 140.0 144 104.7 ani ites 1,87 pun TE 8 ‘~ 
ie Spat re vo} 92.1 176 80.50 | 160.0 1.98 106,2 we |, 1,90 de <5 eon} htt a 
GReaT NORTHERN, were 
High sided, open 103.8 315 95.0 | 180.0 1.89 123.5 8 by 34 2.88 «3 6 by 3 by 5} 28 
MADRAs. / & 
High sided, open 127.9 po 103.7 | 126.0 1 97.8 9 by 33 167 jovt 0 Bt 
Great SOUTHERN OF INDIA. " 
Covered... bas vee | 106.0 618 110.0 160.0 1,45 118,0 4 9by 3} 2.01 8 Oby3 by 4 34 
High sided, open 446 4s} 117 | 280 100.0 | 160.0 1.60 113.0 woo” 1,92 aie ile ” 
Low 5 oe ooo] See ko 90.0 | 160.0 “LIT ae ae 1.84 Pia Bete in 
Ballast... 100.0 | 169 92.0 | 160.0 1.73 109.0 no 1,86 ET at ” 
ee ae oe ae ee ae 105.0 | 160,0 1,62 115.5 » oo” 1.97 a ae ” 
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which no springs are employed, their place being 
taken by deihe boas to which the axle-boxes are 
connected, Thereare only four wheels in this class. 
Equally distinctive is the eight-wheeled tipping 
gravel car, see ENGINEERING, vol. xxiv., page 467, 
the body of which is connected to a series of crossed 
levers, free to swing upon their centres when un- 
locked. As we have already stated, the freight 
stock we have been considering; though probably 
the lightest of the respective types in the United 
States, comes out somewhat unfavourably for dead 
weight as compared with capacity. This is greatly 
due to the trucks, which with their cast-iron 
wheels add approximately four tons to the weight of 
the wagons, the wey weight of the correspond- 
ing parts of an English four-wheeled wagon being 
35 ewt., the capacities being about 13 tons and 8 tons 
respectively. 

Tables XL. to XLILI. contain data from which a 
comparison may be instituted between Americau 
and Tebepeen freight stock. Table XL. gives the 
leading dimensions with approximate weights, capa- 
cities, and ratio of dead weight to capacity of the 
various types of car in use on the Pennsylvania 
Railroad ; Tables XLL. and XLII. are corresponding 
ones referring to miscellaneous types of English, 
Continental, and other 2, ~ wagons, 

The second and third Tables are taken from 
a paper on railway rolling stock, read by Messra. 
Browne and Adams before the Institution of Civil ; 
Engineers, ; 

Summarising some of the data contained in the 
preceding, and taking the American stock as unity, 
we have the results embodied in Table XLILI. 


Tasue XLIII.—Comparison of wee and Sepoetiies of 


























American and European Rolling Stoc 
| .. 
3 
3 § 
1. | g 18 
| = oF 
#| i | 35 
eis | a™ 
Pennsylvania Railroad: 
1 standard box car ... ‘ 1 1 1 
2 drop-bottom gondola oes 1 1 1 
3 hopper-bottom gondola ... ose 1 1 1 
4 gravel car ... oe pa 1 1 1 
5 coal truck ... 1 1 1 
Londonand North-Western Railway : 
3 low-sided goods wagon ... val 7 49 89 
”» com with drop- 
bottom gondola ... and out wae 65 | 1.1 
North-Eastern Railway : 
8 low-sided goods wagon ... | 60] .56 94 
te compared with drop- 
bottom gondo ‘ad | 60 -75 | 1.25 
5 hopper coal wagon 1.41 | 1.33 .96 
Wester Railway of France: 
3 low-sided goods wagon ... ol ae 42 85 
» com with drop- 
bottom gondola ... on on wae 56 | 1.1 
Prussian Stock : 
l covered wagon ... “ ; .59 71 | 1.16 
8 low-sided wagon ... , : 62 57 | .92 
és com with drop-| 
bottom gondola ... " | 68 76 | 1.23 
Great Southern of India : 
1 cov wagon... ae 61 -7 | 1.29 
8 low-sided wagon ... <“ | 86] 56] 1. 
‘i compared with drop- } 
bottom gondo ‘ a ; 56 -76 | 1.30 
4 ballast ee oe 79 | 1.18 1.40 





From the above Table, it will be seen that in the 
respective types which are strictly comparable, the 
proportion of dead weight is against the American 
vrock ; the hopper-bottom gondola car is, however, 
a —- — to = the Prop rtion of dead 
to g weight in this t ng remarkab! 
Sar On the other hand ths dotp-bettoen paver J 
is considerably heavier. But the former type, is 
Me my oem ney a for carrying coa‘-ore, &c., and 
may therefore be also compared with the coal trucks 
mentioned in the Tables. 


American Patent Orricz.—It will be remembered that 
po dy me States Patent Office 








THE PENNSYLVANIA RAILROAD; HAND CAR. 
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| 
LEWIN’S MINING LOCOMOTIVE. 
THe minute locomotive. which we illustrate on the 
opposite page, is one of several designed for working on | 
a tramroad of 19 in. gauge in the lead mines of the Great | 
Laxey Mining Company, and made, on account of their | 


running in the levels, not to exceed 2 ft. 3 in. in width | X*iv-), and“to complete what I have to 


and only a little over 4 ft. from the rails to the top of the | ing it. 


chimney ; the cylinders are placed inside and are 4 in. in 
diameter and 6 in. stroke. The wheels are 10 in. in 
diameter, of cast steel, and the engine is carried on two 
wrought-iron frames extending the whole length. It is 
fitted with link motion, feed-pump, injector, brake gear, 
&e. The water is carried in a tank between the frame 
plates. Each of these little machines will draw on a level 
from 13 to 15 tons at a speed of about 8 miles per hour. 


to make a few remar' 


be no doubt that when the 








| beyond the reach of my in 
| 8 


Sree. Raiis 1x AustR1a.—The North Emperor Ferdi- 
nand Railway Com + 
the delivery of 4000 


is about to let a contract for 
ms of Bessemer steel rails. 








o: 
cies 





ercccecce fee. ee 


THE FAIRLIE ENGINE. 
To THE EDITOR oF ENGINEERING. 


Srr,—I now ask your permission to refer once more to 
Mr. Jetter’s report (see ENGINEERING, page 462, vol. 


say concern- 


have received the communications from Russia which 
I have been expecting, and in introducin; 
upon the guna 
by Mr Jetter and his friends. 

In the first place, with regard to the section of Mr. 
Jetter’s report which contains the extraordinary 
parison between the engines of Sharpe, Stewart, and Co. 
and my engines, working on the Iquique railways, there can 


them I beg leave 
questions raised 


com- 


statements contained in this 


| comparison were given, it was supposed that the facts were 


igation, since otherwise such 


erm | and unfounded criticism would hardly have been 
ven on. But fortune favoured me by visits from many 
| officials who had lately left the Iquique railway, notably 
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NARROW 


CONSTRUCTED BY MR. STEPHEN LEWIN, ENGINEER, POOLE. 
(For Description, see opposite Page.) 





GAUGE MINE LOCOMOTIVE. 


Those who read this information will understand why it 
did not form part of the favourable report of the new 
the "Faia po aga Oe poate te 

the Fairlie ines with only . pressure 
ir boilers, and with rotten fireboxes and bursting tubes. 
well ask why were these Fairlie engines allowed to 
have rotten fireboxes and bursting tubes? why were they 
allowed to lie in the —_ in the condition in which Mr. 
Marsh found them ? why were Sharpe, Stewart, and 
Co’s engines sent out at all when there were 17 Fairlie 











“THE PENNSYLVANIA RAILROAD; HAND CAR. 


(For Description, see opposite Page.) 





from the locomotive superintendent, Mr. Marsh, who had 
come home on the score of his health. I placed in his 
hands a copy of Mr. Jetter’s report respecting his line. 
He was much surprised at what he read, and he furnished 
me with facts, some of which I will quote presently, as his 
letters are too long to be published inewtenso. I next saw 
Dr. Williams, a gentleman well known in Peru, and who, 
living at Iqnique, understands all that is done upon the 
railways. Thirdly, I had a visit from Mr. North, who is 
chief of the company which supplies the water for the use 
of the locomotives, there being no water in Iquique but that 
which is distilled from sea-water. Each of my visitors ex- 

ressed a like surprise at the news which I placed before 
him on Mr. Jetter’s authority, and all three gentlemen were 
of opinion that the Fairlie engines had always worked well, 
and that ares, Stewart, and Co.’s coupled engines had 
proved a complete failure. Personally, I have not a word 
to say about Sharpe, Stewart’s work or their engines, which 
are well known all overthe world to be of the very best, 
and I have nothing to say against locomotive builders who 
try to build engines which give all the eee oll 
the Fairlie e es, but this — on the part of S ‘ 
Stewart, and Co. has failed, as similar attempts have 
failed before. 

I learned a great deal from Dr. Williams of the reasons 
for the endeavours which have been made to injure me by 
damaging my engines ; endeavours which, I am happy to 
say, have met with failure over and over in. It is none 
the less satisfactory to have been informed of the motives 
of those by whom these endeavours have been commenced 
and continued. 

I now return to Mr. Marsh, and give some extracts from 
his letters. He was, as I have said, locomotive superin- 
tendent of the Iquique Railways, and was appointed by the 
same persons who have tried to oe character of 
my engines. He left Iquique in bad health; and I place 
stress upon this fact, because an attempt may be made to 
show that he left for other reasons, thus to discredit 
— He writes, under date the 11th of November, 
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‘* When I took charge of your engines they were ina 
very bad state indeed, the boilers were dirty—I should 
imagine that they were never cleaned—the tubes almost 
worn out, and ing every day, and the motion work in 
a most wretched state. After a short time I got them into 
fairish condition, and they did their work with perfect ease, 
but I conld not press the boilers because of the tubes burst- 
ing, and of the firebox being burned.’’ 

This will oe the animus which existed against my 
engines. Their being allowed to get into such a state 
showed a resolve to render them completely useless. 

Mr. Marsh says that he sent to land for new tubes 
in January, 1875, and that they had not arrived when he 
left Peru—I understood him to say—in October, 1877. 
Here again was intentional neglect, especially as I know 
that those to whom this order for tubes was sent, were 
during 1876 and 1877, sending out ships laden with coal 
and other material for these very railways, and that they 
sent out the other material to the tune like 
90,0001. This large sum, I have reason to believe, has 
been spent by the trustees of the Iquique railways under 
the advice of those to whom allusion is made above, in pay- 
ment for this material ; but yet they could not find ei 
money or time to send out a few sets of tubes for the Fairlie 
engines. 

r. Marsh continues by saying that the Sharpe, 
engines, as they were intended to 
together, do not do at all, and that 
singly. These engines took a load of three 
with a pressure in their boilers of 140 Ib. to the 
but the Fairlie engines, which could not be 
a higher pressure than 100 Ib., 

ily, and would have taken six 
imited pressure of steam whi 

ing to he rng ed Se = - 
ing the condition were in, five Fairlie engines broug 
down the enormous quantity of 525,000 quintals of nitrate 
of soda in the month of February, 1875, equivalent to 1093 
tons per day, as an average for the twenty-four working 
days, Sundays excepted.”’ The italics are my own. 


engines w a little attention to make them 
capable of working the line as they had done since 1871, to 
| the perfect sa‘ ion of all con . The reason is 
| Plain; money had to be . and it might as well be 
spent on engines as on anything else. 
Mr. M: further says that the Sharpe, Stewart engines 
; were destroying the road when he left; a road which the 
| Fairlie engines had worked since 1871. The curves had to 
| have double spikes, and tie rods to keep them in gauge. 
| All this, Sir, I fear, speaks too much in favour of truth 
and justice, and of the Fairlie engine, as compared with 
those of Sharpe, Stewart, and Co. 

In answer to my inquiries about the wear of tyres, Mr. 
Marsh says, with respect to the flanges: ‘‘ I may say it 
was the fault of my predecessor, he having ma le templates 
from an old tyre. en turning them up he gave orders 
that the metal should be tu out of the root of the 
flanges, and, when I observed this, I made fresh templates, 
allowing three-sixteenths more metal in the root of the 
flange, and I am happy to state that I had no more trouble 
with the tyres of the Fairlie engines after this alteration, 
and that while I was there the tyres were not worn in the 
roots.”” I — t, omen — re Fee tne 
engines were on ea ies of the a line, 
and were found altogether inadequate to the work. 

And now, Sir, to what does this last information lead us ? 
First, to the supposition that the tyres of the Fairlie engines 
were p ly turned out so as to show the appearance of 
much wear; and next, that the Sharpe, Stewart engines, 
coupled together to supersede the Fairlie engi were of 
no use, and that therefore these had to be 


gugines 
-) worked singly on the easier portions of the lines, and with 


the view to avoid blame for the purchase have made the 
single engine to do as much work, so asto blind the eyes of 
those who were persuaded to pay for them. You can un- 
derstand the effect on the rails of six-wheeled coupled 
engines going round curves of six chains ius! No 
wonder the line was put out of gauge, and it will be proved 
that the expenditure of money on the Sharpe, Stewart 
engines was money thrown away. I shall most empha- 
tically recommend Messrs. Montero Brothers not to allow 
a shilling for engines which have been purchased without 
their knowledge or consent. 

I next come to the question of the Tamboff-Saratoff 
Railway ; and I willsend you next week a copy ofa letter 
which [ have received from the late locomotive superin- 
tendent of that line, who is now on the Poti-Tiflis Railway. 
This letter will at once show the value which ought to be 
attached to the criticism of Messrs. Beyer and Peacock. 
As a confirmation of it, I will send also a copy of a 
letter which I have received from the chairman and chief 
engineers of the Tamboff-Saratoff Railway Company, a copy 
of a letter from “‘ the Administrator of Ways of Communica- 
tion and r-General of the Railways in the Caucasue,”’ 
and a copy of a letter from Mr. A. McDonnell, locomotive 
ey of the Great Southern and Western Railway of 

reland. 

If, after all this, Mr. Jetter and those who agree with him 
are not satisfied as to the merits of the Fairlie engines, 
they can 7 be left to their own devices : 

‘* A man convinced against his will, 
Will hold the same opinion still.’’ 

In conclusion I would all who desire trustworthy 
information respecting the Fairlie engine to seek for it at 
the proper sources, and not through the medium of persons 
whose prejudices wi appear to incite them to damage the 
principle as much as they possibly can. 

I remain, Sir, your obedient servant, 
: Ropert F. Farrier. 

Palace Chambers, Westminster, January 15, 1878. 





AN ENGINE TRIAL. 
To THE EpiToR oF ENGINEERING. 
S1z,—When I saw the illustration of the compound en- 


gine A. , 4 of your —_ pa pres it struck me “ef 
once e arrrangement of exhaust 2 peer nage 
bad ing certain to be ‘‘ choked” with water, an 


looked forward with interest to diagrams in the following 
num . 

cd suspicions were quite justified by the great difference 
which 4 own in all the a between back pres- 
sure in low-pressure cylinders, and pressure in condenser, 
a difference which cannot be accounted for by the dimen- 
sions of the pipe, and must be due to the pipe becoming 
gradually up with water from condensation of the 
steam, until the velocity in it becomes so great as to carry 
over into the condenser all water resulting from further 
condensation. 

I cannot with the statement on page 24, first 
column, that ‘“‘ the quantity of condensing water was more 
than four times uantity theoretically necessary.’’ 
According to my ex the vacuum would not have 
been so as it was, had the quantity of injection been 
reduced by one-third of its amount. 

Yours obediently, 

January 16, 1878. 


W. ScHOnHEYDER. 
To rue Epiror or ENGINEERING, 








Srr,—I have read with great interest the account of 
“An ine Trial’ in the two last numbers of ENGInzER- 
Inc, but in Table II. published in the current number 
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i ight certain portion of heat is | from 0 to jth of the stroke, as the eccentric gives full steam CLARK ’ a 
poe Ry . ii’ “Sa 41 gives the heat utilised went sliding block, on ie codtienation othe eccentric We PA es ee wail « tclislabetheteter me Olark 


twice over. 
from calculation of the indicated horse power) whilst 
umn 47 gives “‘the amount of heat which must have 
been given up by the condensation which occurred in the 
steam jacket.”’ It is evident that part at all events of this 
latter heat has already been reckoned in Column 41. 
Iam, Sir, your obedient servant, 


C. F. Toompson. 
Cardiff, January 14, 1878. 

(If Mr. Thompson refers again to our Table he will find 
that the amounts given in Column 47 are not added in to 
the heat accounted for. The figures in Column 47 are given 
only for their own sake, and for this reason it was pur- 

ly put last of those referring to the distribution of the 
Peat. Columns 41, 42, 43, 44, and 45 together make up 
the total of Column 40, the items in Column 47 not ‘being 
jneluded.—Eb. E.] 








COLLMANN’S EXPANSION GEAR. 
To THe Eprror oF ENGINEERING. 

S1r,—Referring to the article about my gear in En- 
GINEERING of 2ist ult., I should much thank you to 
enter the following reply to some of the statements con- 
tained therein in your <leumed journal : 

I. The error you seem to find in the word “ positive’ may 
be so far correct, as|the word “ determined’’ ought to 
placed instead, so that I say: 

The opening and closing action of the valve is of a 
determined and unchangeable nature, and exactly corre- 
sponds with the positive movement of a certain part of the 
gear. This latter action is represented by the positive 
motion of the lower buffer plate, connected with the middle 
knee lever joint. 

The combined weight and spring power, the latter of 
which can be replaced by weights, is much larger than 
necessary to close the valve against the frictional resist- 
ances of the stuffing-box, &c., and only provides a rigid 
connexion between the gear and the valve during the whole 
time the latter is open, so that : 

a. The valve following the positive or determined motion 
of the lower buffer plate, receives a similar unchangeable 
motion whilst opening and closing. 

b. The exact amount of the closing power for the valve 
need not be kept constant, as its large surplus amount, 
which is taken up by the gear, does not influence the move- 
ment of the valve in any way. 

ec. The frictional resistances can also vary greatly, as the 
overplus of the closing power is in any case sufficient to 
overcome the same. 

These three qualities make the opening, and especially 
the closing action, as determined, unchangeable, and in- 
dependent of frictional resistances, as can be wished for, 
because (the greater the power, the greater the security) 
one can easily make the closing power so great as to give 
sufficient security that the above takes place. 

Il. Allow me to correct the statement that the valve of 
the Corliss and Sulzer gear close more rapidly than by my 
gear, an error I myself had fallen into before thorough ex- 
periments had shown me, that just the contrary takes 
place, and that one must already guard against the valves 
closing too quickly when constructing the gear. 

The closing speed of the valve can be represented by the 
angle A of the curve a,b, c, with the horizontal line a d 
(as shown in Plate II. of my pamphlet). 











It is quite in the reach of one’s power, by lifting the 
valve more or less high, to determine the angle A, or the 
closing speed of the valve. 

By the gears that drop the valve, the diagrams of the 
pitch of valve, as shown in sketch, are similar during the 
opening of Posen to — above, but as soon = the ware 
is released the decreasing closing speed against the air er 
is represented, not as many people believe by a vertical line, 
but by the curve hi, the angle B representing the 











/ 


when the valve closes. But as this curve is not to be kept 

constant on account of the insecure action of springs, 

buffers, and friction, one is forced to make the angle B 

smaller than A, so that one may be sure that the variable 

Seeing speed does not overstep the maximum and ruin the 
ve. 


It is, therefore, obvious that gear can not alone be 
worked with by far greater ccounth » but also with a far 
result than all the gears drop the valve are 


a ° 
TIT. Allow me to state that my gear can give a cut-off 





rod, is quite near the joint, connecting the eccentric rod 
with the main lever. 

Hoping = will now fully understand the meaning of 
my words, Iam confident that you will grant some space 
in your journal for these statements, even if such be only 
in less words, thereby granting me an o y of 
defending my opinions on a subject which mo doubt will 
interest a great number of readers of ENGINEERING. 

I am, Sir, yours very truly, 
_ A. Conmmann. 

Vienna, January 9, 1878. 





PETROLEUM FUEL, 
To Tue Eprror or ENGINEERING. 

Srr,—You are probably not aware of the fact that on 
the River Volga many steamers have been trading during 
the navigation of 1877, which used as fuel petroleum in its 
crude state, also kerosine refuse for their main boilers. 

During the navigation of 1875, several small steamboa 
on the lower Volga and ian Sea were altered to burn 
petroleum, and in 1876 appliances for rem the 
petroleum having been considerably simplified im- 
proved gave rise to considerable economy in fuel compared 


with wood, so that the larger com were induced by 
be | the favourable results arrived at to introduce the system 
on a large seale during the i 877 


My object in bringing tks ealged belene youk Sollee 1 
object in e sul ‘ore your notice is 
the pln want of information we have on such an im- 
portant material and undoubtedly ind . At 
the same time the wing for petroleum in its 
varied forms, as a lubricant, fuel for steam , gas works, 
&c., and in its purified form as an illuminating material, 
uires that the subject should be better ventilated. _ 
“tt is quite possible that many readers of your valuable 


journal, who may be connected with the eum industry, 
or even conversant with its use as a , could give us 


some information on the subject, by doing so they would 
favour the profession at > 

I may mention that in order to meet the increased demand 
for kerosine in the interior, the administration of the Grazi- 
Tsaritsin Railway have fitted up several covered wagons 
with a second floor, so that there are two tiers of barrels, 
one above the other, and still not in contact one with the 
other. By this means a much ter quantity can be 
carried, consequently cheapening sport. 
Yours very truly, 

THomas URQUHART. 

December 23, 1877. 


Borisoglebok, Russia, =— 7, 1878. 











SUPPLYING AIR TO AIR VESSELS. 
To THE EpiTor or ENGINEERING. 

Srr,—-Some time since (on page 258 of your twelfth 
volume) you described and illustrated an arrangement for 
supplying air to air vessels of pumping engines, which 
was invented by Messrs. Merryweather, and attached by 
them to one of their steam fire engines. The arrangement 
appears the same as that illustrated on page 16 of your 
number for the 4th inst., although there may possibly be 
some difference in matters of detail. 

Yours obediently, 
W. ScHONHEYDER. 
Januury 16, 1878. 








GREENWICH AND POPLAR HORSE STEAM 
FERRY. 


To THE EpiTor or ENGINEERING. 
S1r,—An advertisement spores in your columns of 
February 16, 1877, to the following effect : 
**100l. prize. The proprietors of the Greenwich and 


Poplar Horse Steam Ferry are prepared to send particulars, 
conditions, and lithograph sections for the —— of the 
parties competing for the above. Competitive plans, &c., 


must be sent in not later than the 16th April, 1877, 
addressed to P. L. Henderson, 14, Fenchurch-street, 
London, E.C. E. 830.” 

It is now more than nine months since the above-men- 
tioned date of April 16 when the plans were sent in, and 


nothing definite been since beard of the affair, either 
privately or through your columns. I need oy | observe 
that designs, which had to be made in less than eight weeks, 


were they counted by dozens, could be looked through and 
pronounced upon in nine months. Moreover, 
as appears from the “‘ particulars, conditions,’ &c., which 
I obtained in d with the advertisement, the prize 
. \. be oo to the design 2 an Ae Com 
ions, quite irres ve c which may have 
since been made in ae oh misomnente of the 
company, even if such change should necessitate the 

sat yy of the note. aly . 

many parties were li to compete anonymous 
acknowledgment of the receipt of the plans by post oul 
hardly have been expected, but the publication in En- 
GINEERING, soon after April 16th, of a list of the authors’ 
ttoes of the various plans sent in would have 

fulfilled a manifest duty at an i i cost. 

As Iam not acquainted with any of the other competitors, 
-~ _iaiy 0 like 3 +— ga oe think about to matter, 
it seems to me of attaining object to re- 
quest your publication of thes letter. as 





A ComPpsETITor. 


FrRENcH RarLways.—The French Minister of Public 
Works estimates that 10,000 miles of line are still required 





and Webb continuous brake as now being used on the 
London and North-Western Railway. The views now 
given show the gear of this brake as applied to the 
guard’s van ; in an early number we shall publish similar 
views of the brake gear on the carriages and shall then 
describe the whole arrangement. 


NOTES FROM SOUTH YORKSHIRE. 
Suerrretp, Wednesday. 

The Swinton and ep Railway.—This nev line, 
jointly made by the Midland North-Eastern Companies, 
will in all probability be finished sufficiently to allow of 
traffic ba the beginning of the autumn of the present 
year, as all works are now in a forwari state. Some 
of the leading officials of the Midland Cozupany paid a visit 
to Swinton on Thursday last for the rurpose of considering 
the necessary alterations to be mad¢ ghere. It is also likely 
that as soon as the North-East-:n trains run direct over 
the new line into Sheffield, -iterations,and it may be ex- 
tensions may be required to be made at the alre i large 
station of 4ne Midland Company at Sheffield. 
The new route will 


shorten the journey between 
Sheffield and Pontefract, i , and also York. 


Manchester, Sheffield, and Lincolnshire Rataey — The 
half-yearly dividend of the Manchester, eld, and 
Lincolnshire Railway Company is announced to be at the 


rate of 43 a pee See ae 33 last 
yee The increased revenue of the Sheffield Compan 
jaring the six months was 15,0001., which seems to affo 

the directors good su: in their recent refusal of the 
offer of 44 per cent. by the Great Northern and Midland 
companies. 








i 


The Alfreton Water Works Tenders.—The tenders for 
construction of the works in connexion with the 
Alfreton water scheme were opened by the local committee 
last Thursday, but were so numerous that an adjournment 
for a fortnight was agreed to. Between the highest and 
lowest offers for the construction of the Somercotes reser- 
voir there was a difference of nearly 10,0001. 


Creosoting of Railway Sleepers.—The Midland Railway 
Company are erecting works at Beeston for the purpose 
of Sane the sleepers required for use on their own 
system. 


Chesterfield and Derbyshire Institute. —A general meeting 
of the members of the Chesterfield and Derbyshire Institute 
of Mining, Civil, and Mechanical Engineers took place on 
Saturday last, at Chesterfield, under the Presidency of 
Mr. J. P. Jackson. The following list of new members 
was read: E. Bourdillon, mining surveyor, Nottingham ; 
W. B. Brown, ineer, Universe Works, Birmingham ; 
J. Davies, C.E., Wolverhampton; T. H. Gray, colliery 
agent, Linby Colliery, Nottingham ; T. Halliday, colliery 
agent, Neatherseal, Burton-on-Trent ; Lan r, 
colliery manager, Ancorheath, Lesmahagow, N.B.; J. RB. 
Leaver, Ingersoll Rock Drill = ,» London; W. R. 
ag mining, &c., engineer, Huc ‘all Torkard, Notts ; 
F. W. Preston, ironmaster, Burton Latimer, Kettering ; 
Fitzherbert Wright, J.P.D.L., coalowner and ironmaster, 
Alfreton. Mr. Knowles, surgeon, Salford, was elected an 
honorary member, and Messrs. G. H. Sankey and W. W. 
Walton, of Tibshelf Colliery, Alfreton, were admitted as 
students. It was then decided to have an excursion to 
Barrow-in-Furness about July next, and a committee of 
four was appointed to make tke necessary arrangements. 
A discussion ensued on Mr. Alfred Eley’s paper on “ Spon- 
taneous Combustion in Coal Mines and its Treatment.’’ 
Discussions on papers by Messrs. M. Mills and G. E. Smith 
were adjourned. A paper by Mr. R. F. Martin on “A 
Breakdown of a Ventilating Fan and what it Taught,’ 
was read and ordered to be printed in the Transactions. 

Tue INSTITUTION OF MECHANICAL ENGINEERS.—Mr. 
Henry Chapman has we understand been appointed 
Honorary Local Secretary at the annual summer meeting 
of the Institution of Mechanical Engineers, which is to 
be held in Paris ; many valuable pa have been promised 
by eminent French engineers The Institution is very 
fortunate in securing Mr. Chapman’s co-operation in this | 
matter, as probably no English member is more thoroughly 
acquainted with French engineering works. 











A SwepisH MiTRAILLEvse.—Some little time since ex- 
periments were made at Stockholm with a four-barrelled 
mitrailleuse, designed for the protection of men-of-war 
against the attacks of torpedo boats. Ata short range a 
laminated target, composed of three layers of iron plates, 
each 9.7 millimetres thick, was so riddled by the p i 
of the new weapon that it appeared as though a multitude 
of holes had been punc in it. The eee of the 
mitrailleuse, which contains 40 cartridges, can laced in 
18 seconds, so that an exceedingly rapid fire wa ie main- 
tained. Several of these mitrailleuses, with barrels of a 
calibre of 25.4 millimetres, have since been issued to 
the ships of the Swedish navy. 


Tue Paris Exuisrrrion.—Messrs. W. Bird and Co., 
of Laurence he rms, Pv have issued a circular stati 





ing 
that their experience of former exhibitions having led them 
to believe that something}more is required for the a: ia- 
tion of m ical inventions and -Saving ai Sines 
than the mere presence of an attendant at a nt. or 


pepe ge a ee tee be og hero 
curiosity, ve arranged essrs. J. 
Bichon and Co., whose premises are close to the British 
Annexe outside the Paris Exhibition Building, to provide 
steam power and mechanical assistan: 





to complete the French rail system. Should all this 
new mileage be constracted will have about 





23,000 miles of railway. 


ag nanics eee os Se ee 
may wis satisfy inquirers with 
practical tests, or arrange for competitive trials. The idea 


is a good one. 
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CLARK AND WEBB’S CHAIN BRAKE: 


(For 


Fié. 8. Section at. A.A 
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Fig. 6. Section at D.D. 

















ONDON AND NORTH-WESTERN RAILWAY. 


see Pag? 46.) 


Section at E.F.G.H. 


Fi. 4. Section at B.B 
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Fig.7. Section at €.C. Fig .8. Section at EE 
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STEEL PLATES FOR BOILER-MAKING 
AND SHIPBUILDING. 

Ir is now about twenty-one years since ‘‘ puddled 
steel” plates came into use for boiler shells and 
shipbuilding. The desire to avail themselves of the 
reduction in thickness of plates, which the 50 to 100 
per cent. greater tensile strength of the new material 
appeared to allow, led designers to try it in a few 
cases where the weights of locomotives and small 
ships, in the construction of which steel wasemployed, 
were limited by the strength of rail and draught of 
water available. A few marine and stationary boilers 
were also made of steel. Some of the boilers and 
ships answering well, led to a continuance of the 
use of this steel, whilst some boilers proved unsatis- 
factory and were replaced by boilers of iron plates. 
A few of the ships made of puddled steel failed in 
consequence of faulty design, the designers having 
wrongly taken it for granted that the section to 
resist compression could be reduced in the same 

roportion as that to resist tension. The general 
ailure of the new material was in some measure due 
to a want of knowledge of its properties and want 
of skill in working it. In some cases, however, the 
steel proved to be so laminated and liable to be in- 
jared by the corrosive action of the water, when 
used both for boilers and ships, that its trial turned 
out a costly and unsatisfactory experiment. The 
advantage of greater tenacity was not sufficient to 
outweigh the disadvan’ of increased brittleness, 


as sang as the mnatorial faberited all the shortcom- 
ings of wrought-iron plates. 


It was not till about fifteen years ago, when plates 
of Bessemer steel were offered to the makers in 
quantities, that the use of steel for boiler-making 
can be said to have become fairly established. Even 
up to the present day its use to any considerable 
extent for stationary boilers has been confined, with 
few and unimportant exceptions, to some half-dozen 
boiler works in the Manchester district, but these 
are of the very highest standing. Only two of 
these, however, have used steel extensively for 
shells, the rest having contented themselves by 
using it chiefly for the furnace tubes, Bessemer 
steel plates have been used for boilers of various 
kinds by upwards of fifty other makers in different 

of the kingdom, but as a rule against the 
advice of these makers, and (shall we say conse- 
quently) often with unsatisfactory results. 

For locomotive boiler shells, Bessemer steel plates 
have been used almost solely in this country by the 
London and North-Western Railway Company, who 
have used them over twelve years, and, it is said, 
with entire satisfaction. The anomaly of this railway 
company using nothing but steel plates is of easy 
explanation, e company is not only singular in 
manufacturing the material for its permanent way 
and rolling stock, but it is equally fortunate in 
having a locomotive superintendent and works 
manager, who is quite as much at home in manu- 
facturing steel as in building locomotives, and it 
may be safely affirmed that no one else has had as 
much experience inthe making and using of Bessemer 
steel plates. The power and facility here afforded 
of choosing the most suitable stan of material for 
rails, axles, tyres, and boiler plates from the dif- 
ferent casts, may possibly account for the bold and 
successful lead so long held by the London and 
North-Western Railway Company in adopting the 
material that others may admire, but hold back from 


using. 

Some of our locomotive builders have made boiler 
shells of steel for abroad, where their prejudice 
against its use could not have the same weight as at 
home. It must, however, be admitted that in more 
than one instance the user has had cause to regret 
he had not taken the maker’s advice and used iron 
instead. Plates of Bessemer and of Siemens-Martin 
steel have been also used in this country for loco- 
motive fireboxes, in some cases with su but 
in the majority of cases the plates were found 
to fracture at their edges, near the flanges, or from 
the stay holes, and their use has been in consequence 
abandoned. In the United States, however, they 
have been used with considerable success. 

For marine boilers steel plates have been used 
only to a very limited extent, Of forty of the best 
known firms of marine engine builders, including 
those who make for the Admiralty, up to a very 
recent date, only about half a dozen had used steel 
plates, and half of these would not have used them 
if they had had their own way. 

At the present day there are probably about 
2500 boilers with steel shells working in the United 
Kingdom, and perhaps 7000 boilers with steel fur- 
naces and fireboxes. (f the extent to which steel 
has been used as a boiler material on the Continent 
it is difficult to obtain anything like accurate infor- 
mation, but it has been used to a considerable extent, 
while in the United States it has, as we have said, 
been largely or vas go by some locomotive builders. 

For shipbuilding steel plates have made their 
way even more slowly than for boiler-making. This 
can easily be accounted for by the fact that the 
difference in the prices of boiler plates in iron and 
steel is not very great, in fact, the price is some- 
times in favour of steel, whilst there is a very 
material difference between the prices of iron and 
steel pe for shipbuilding, except in the case of 
vessels built for the Admiralty, As the Admiralty 
get money to build ships, whilst builders for private 
firms build ships to get money, it is not surprising 
that the former can afford to pay twice as much for 
their iron plates as the latter. Fortunately it 
happens that in paying this large price, the Ad- 
miralty have at the same time seen they were gettin 
their money’s worth and by so doing have assis 
directly and indirectly in keeping up the standard 
of quality for iron plates in this country. Nor is it 
surprising that the first attempt on a large scale to 
use steel for shipbuilding has been made by the Ad- 
miralty, who, however, waited till the French dock- 

ards and engineers led the way in 1873, as they 
also done twelve years previously with the intro- 
duction of armour-clads. ‘The use of steel for the 
hulls and boilers of steam launches during the last 





six years has been very successful, 





Another reason why steel has been so little used 
in shipbuilding is that until the close of last year 
the rules of Lloyd's Registry for iron ships did not 
recognise the greater tenacity of steel. We shall 
shortly revert to the report ee the 
announcement that this restriction has re- 
moved, which ap lately in ENGINEERING. 

The conclusions to be gathered from this short 
review of the employment of steel plates for boiler 
making may be summed up as follows: That of 
some eighty boiler-makers who have fairly tried steel 
plates “ some eight or nine can be said to have 
persevered with its use and used it extensively ; 
that where the use of steel plates has been perse 
in against the advice and feeling of the boiler- 
maker, the result has generally been i : 
that it may be taken for granted that the prejudice 
on the part of boiler-makers against the use of steel 
is, as a rule, inversely proportionate to the extent 
of their acquaintance with it. It would appear that 
those makers who have not been alive to the diffe- 
rence required in the a and treatment of iron 
and steel, or have gone timidly to work, and let the 
workmen find out for themselves the best way to 
treat steel, have usually had trouble, and have been 
only too glad to receive a confirmation of their ad- 
verse opinion. On the other hand, those makers 
who have appreciated the superior qualities of steel 
over iron, and have been prone 4 possessed by the 


conviction that steel is in nearly every respect the 
better material, and who have in uence taken 
to its use with a will, given attention, 


and got their men taught how to treat steel plates 
properly, who have in fact made as ty of 
making steel boilers, have succeeded admirably, 

It must, however, be admitted that some makers 
have not been so fortunate as others, and one maker 
at least, who has long used steel plates largely for 
flues, dreads using them for shells, It must be 
further conceded that a great many steel plates for 
boiler-making and shipbuilding have fractured before 
they have left the plater’s and rivetter’s hands, and 
some steel plates in boiler shells have fractured on 
testing them with hydraulic pressure, and several 
steel shells have in consequence been replaced by 
shells of iron. Cases of this kind have occurred 
since the recognised standard of strength for steel 
ee was reduced ae tons, and there is no doubt 
that an opinion exists amongst many engi at 
the reais day that steel plates are still untrust- 
w rthy. Wep , in a future number, to examine 
the causes that have led to this widely- and 
deeply-rooted prejudice with a view to determine 
whether the causes still exist to the extent they did 
a few years ago. 





SANITARY SUMMARY FOR 1877. 

In attempting to give a general summary of the 
most important points of sanitary interest during 
the past’ year we are necessarily compelled to allude 
to many subjects not usually taken cognisance of in 
this journal, But there is abundant apology for this 
course from the fact that engineering science and 
practice have now become involved in nearly every 
phase of human existence. From being formerly 
almost solely confined to roads, canals, rail- 
ways, engineering in its civil and mechanical de- 

ments has arrived at a universal application 
rom the most stupendous works down to the aid 
of domestic economy even in its most minute 
aera first, th legisla f the past 

Taking, first, the legislation of the session, 
it may be briefly stated as nil. The Public Health 
Act Amendment Bill was withdrawn. It was pro- 

osed by it to make many amends on the old 
Vefects of the 1875 Act. It was intended that the 
sanitary state of our houses should be under official 
control, especially in the case of those let off in 
apartments. From the dustbin to the attic, cleanli- 
ness and safety were to be insured. In fact the 
fabled Englishman’s castle was to be entered at 
every loop-hole. Possibly, some good might have 
arisen from this form of paternal government. But 
it is yet in esse. We may ask, if this Bill be brought 
forward during the next session, is it likely to pass ? 
and if does by what possible organisation can its 
provisions be carried out? It is notorious that the 
entire staff of chief officers, medical officers, and in- 
tors of nuisances, now appointed by the Local 
dovanment Board, cannot get through a fraction of 
their duties in dealing with matters en masse. What 
can be done if those duties are extended to an in- 
finitude of detail? As to trusting to vestries.and 
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boards of guardians they have already been proved 
worse than useless, 

Similar remarks may be applicable to the intended 
extension of the Factory Acts to workshops smaller 
than those already legislated for—a subject which 
will most probably be introduced next session, 
Meanwhile, we may just notice the fact that the 
Canal Boats Act promises to work well from 
the little experience that has been gathered of its 
working during the latter part of 1877. It seems 
likely to be of great value to a hitherto neglected 

rtion of our population whose health and morals 
om each been of the lewest possible condition. 

With res to the Rivers Pollution Bill it is 
difficult to decide whether it may be cers as a 
farce or an insult. We have already characterised 
it as the most merciful piece of legislation that ever 
was made against offenders. Practically speaking, 
the last attempt to prevent pollution, which came 
into operation last August, has been worse than use- 
less, We have heard of only one case that has been 
seriously prosecuted under the Act. It professes to 
give an easy mode of proceeding against polluters 
of all kinds, but its provisions are so hedged about 
by restrictions that, for all practical purposes, the 
Act need never have been passed. We are almost 
inclined to believe that actual polluters would do 
wisely, for their own sake, to indict themselves, as 
by so doing offenders could, under the Nps Act, 
obtain an immunity for perhaps a couple of years, 
and thus defy the law and public right as long as 
it suited their convenience, that is, if they would 
run the risk of costs, &c, 

Taking the general health of the country, the 
death-rate, &c,, the Registrar-General gives the fol- 
lowing facts for the last week of 1877, or rather the 
week ending January 5, 1878. The mortality from 
all causes in the metropolis, and 22 other large 
towns of the United Kingdom, was 27 per 1000. 
The annual death-rate was 29 per 1000 in Edin- 
burgh, 29 in Glasgow, and 32 in Dublin. The 
lowest rate was 13 in Leicester, rising to 23 in 
Leeds, 26 in Oldham, Manchester 26, Brighton 27, 
London 28, Birmingham 29, and the highest rate 
was 33, in Liverpool. The annual death-rate in Lon- 
don rose considerably over that of the two previous 
weeks, the estimated population being 3,577,304 
persons. Among the most fatal of zymotic diseases 
(292 deaths) were small-pox, measles, scarlet fever, 
whooping cough, with other forms of fever. ‘These 
were chiefly prevalent in the low, damp, and badly 
drained portions of the metropolis. In the suburbs 
of Londonthe death-rate was only 25.7 per 1000 of the 
population. ‘Taking the entire year the meteorolo- 
gical conditions were by no means favourable to 
health, indeed, all the seasons were backward. In 
January, February, March, April, July, August, 
and November, the rainfall was above the average. 
As a rule, the whole year was characterised by low 
temperature, due in a large measure to absence of sun- 
shine, although the night temperature did not fall so 
low as an average, The consequence of these condi- 
tions was, that all low and badly drained districts, 
throughout the country, were subject to febrile 
attacks, This fact shows a strong argument for 
the extended application of engineering in regard to 
drainage. Experience has shown that with im- 

rovements in this respect, the death-rate is rapidly 
owered. We are glad to find, by the last report of 
the Local Government Board, that great assistance 
has been rendered to local authorities who have been 
desirous to improve their drainage. 

In dealing with the health of all our large towns 
we regret to notice that little has been done during 
the year in removing or preventing those fatal causes 
of disease—the privy or midden, the dust-bin, bad 
house drains, unventilated sewers, defective closets, 
and unhealthy house foundations. We can speak to 
several fatal cases of small-pox which arose from 
the dust-bin. In one house there\were five cases 
of which three proved fatal, and this is only an in- 
stance or type of many others of the same kind. 
‘The midden or privy is still an established institu- 
tion in the North. Referring to the reports fur- 
nished for the use of the Sanitary Conference held 
by the Society of Arts last May, we find that 
water-closets are rare, but ash-pits and middens uni- 
versal, Birmingham, for instance, had 19,000 
middens, Leeds 15,598, and Manchester 23,000, be- 
sides the ash-pits already referred to, and which 
ony mean receptacl 
and house refuse of all solid kinds are received. We 
must say that these facts, as furnished by themselves, 
are not creditable to the local authorities. 

In regard to defective sewers, drains, closets, &c., 


es in which the human excreta, 








we cannot acquit of blame the authorities, whether 
corporate, medical, or engineering, where no steps 
have been taken to at once palliate, if not remedy, 
the evils. An application for powers to the Local 
Government Board must necessarily be attended 
with delay. Inspection must take place, plans be 
examined, and other details carried out, before any 
radical steps of improvement can be secured, in- 
volvin pe s a period of a year ortwo, But the 
pnt aw of the land is sufficient, independent of 
late legislation, to enable local authorities to take 
some remedial ‘measures. It requires no law, for 
example, to enforce the use of disinfectants in 
sewers, if they cannot be properly ventilated ; and 
yet, because local authorities cannot get a large 
scheme at once ed, they neglect simple measures 
thai would go far to improve the general health. 
Putting the law into force in all cases is costly, but 
the remedial measures we name, although only 
temporary in their action, cost but little, and con- 
ae can be constantly repeated. 

n regard to house construction, we have frequently 
drawn attention to the state of the foundations. In 
numerous instances these consist of the refuse of 
houses thrown into pits where brick clay has been 
extracted, and hence houses built on such a founda- 
tion contain all the elements for fostering disease. 
Another evil is that of building on damp foundations. 
During 1877 some hundreds of houses have been 
built, in the north of London, on foundations which 
have, for the last forty years, been impassable 
swamps, with 2in. to 4in. deep of water, that have 
never been drained until the houses were built on 
them. ‘The roads are now impassable for horses, 
and the inhabitants have to get to their destination 
by walking over planks, Yet such houses, letting 
at from 36/. to 48/. nS are not only eagerly 
sought for, but frequently let two months before 
they are ready for inhabiting. The same thing is 
going on in the suburbs of many provincial towns. 

On the other hand an encouraging feature is found 
in the application of the Artisans’ Dwellings Act, 
one of the most useful measures that have been past 
during the present century. These new erections 
give every opportunity for the engineer, architect, 
and builder to avail themselves of sanitary improve- 
ments. The Act gives an almost unlimited power 
in this respect. Ventilation, good drainage, efficient 
water supply, and all other requirements essential 
to promote health may be secured. It is satisfactory 
to find that these houses are readily occupied, and 
that by a class of tenants who have sufficient in- 
telligence, as a rule, to carry out the conditions im- 

on them. Another satisfactory feature is that 
these buildings pay. It is true that the dividend is 
not large, but a secure 5 per cent. to large capitalists 
is a sufficient inducement to invest money, especially 
to those who have also a desire to promote public 
improvements, This movement has largely extended 
in all the large towns of England and Scotland 
in 1877. 

The sewage question still remains in sfatu quo. 
The irrigationists seem to admit that they are 
beaten. The old precipitationists have all been 
silenced with the exception of the Native Guano 
Company, whose operations at present are confined 
to Aylesbury, although probably they may be ex- 
tended. The Phosphate Sewage ae and the 
General Sewage py, oe have invited the friendly 
aid of the Court of Chancery to relieve them from 
their difficulties. The Purification of Rivers Asso- 
ciation, as a newly formed company, proposes to 
deal with any scheme, but at present is restricted 
to Coventry, where they are using Dr. Anderson’s 
process, Other chemical processes are being tried 
at Leeds, &c., but we have not heard of a single 
case in which so much success has been arrived at 
as to encourage any hope that chemistry will help 
us out of the sew difficulty. It is evident that 
both this science and engineering have hitherto been 
baffled by the question. 

The Local Government Board has largely extended 
its operations during the year, and perhaps there is 
no department of the Government which so 
efficiently carries out its duties as that . We 
shall take another opportunity of drawing attention 
to details of their man: ent, Meanwhile we are 
glad to find that its is increased. But with all 
the agency it has at work, what can be effected in 
such a large field of operations which are not con- 
_ - sanitary See: alone, but any pel nye 
relief of paupers, the gen management the 
unions in England and ¥ Wales, and a vast variety of 
other duties that may be considered as almost over- 
whelming. Weare great enemies to centralisation 


generally, but if ever that plan was justified by its 
results, it is in the case of this Board. Plenty of 
ame is now conferred upon it, but it uires 

gely reinforcing in its chief staff equally with a 
great enlargement of its subordinate officers. This 
extension of its staff, as we have already urged for 
other reasons, is especially necessary for the purpose 
of assisting and advising local boards who are in- 
clined to aid themselves. An instance of this may 
be taken iu re to plans of drainage and sewage 
utilisation in the neighbourhood of London. Brent- 
ford, Isleworth, and a number of neighbouring places, 
up to Kingston, have long been under the ban of 
the Thames Conservancy Board, and justly so, for 
casting the sewage into the Thames, But years 
have been spent in deciding what should be done, 
and great delay has been caused by the internecine 
disputes of these authorities. It is only recently that 
the Local Government Board has been able to con- 
sider some general plan to settle the question. 
Similar matters are occurring all over England, and 
thus, year after year is wasted in discussion and 
doubt, much of which might be saved if the head 
Board could efficiently attend to its business. How 
can some thirty inspectors properly look after 
the sanitary interests of nearly 23,000,000 per- 
sons ? 

There is one point, although it is hardly within 
the aape of our pages, to which we will briefly 
refer. Under the present School Board system, 
children are driven into the schoolroom from all 
kinds of habitations, and in utter disregard to the 
fact that many of these are or may be the hotbeds 
of fever and other diseases. We speak positively 
to the facts of the case in some portions of London 
during the last year. These schools may thus be- 
come the sources of epidemic disease, and utterly 
annihilate all the attempts of the engineer or me- 
dical officer to improve the sanitation of a district. 
This is a point which we consider well worthy of 
the attention of Parliament next session. 

Little or nothing has been heard in regard to a 
very important question, namely that of noxious 
vapours sent from factories, which is now the sub- 
ject of a royal commission. The existing Act has, 
so far as we know, been scarcely put into operation, 
at least in the neighbourhood o | peat va tis true 
that the question, generally speaking, is a local one, 
but then it must be remembered that the localities 
it affects are generally densely populated. This 
matter will of course come balcae Parliament 
during the session. 

From the experience gathered during the past 
year it is much to be feared that during 1878 much 
distress and suffering will be experienced. Trade 
is universally bad, wages are being lowered, strikes 
consequently arising ; our mining, machine-making, 
and textile districts are in some cases almost at the 
verge of famine, so that, altogether, future pro- 
spects are very gloomy. Theseare additional rea- 
sons why, during the present year, greater exertions 
should be e toward sani improvement. 
Want of food generally results in impaired health, 
simply because the human system loses its repellent 

wer in regard, especially, to endemic and epidemic 
Sieneeen Of the truth of this we have had too 
many proofs during the last thirty years. 

In regard to water supply we have so frequently 
drawn attention to it in our last volume as to render 
it unnecessary to go further into the question—a 
reference to the index of that volume will place our 
readers in ssion of the latest information on 
the subject. We are glad to see that according to 
the list of Bills to be brought before Parliament 
in the next session the supply of water holds a promi- 
nent position in regard to the metropolis and most 
other large towns in England. The gas question is 
also equally taken up. We may here incidentally 
remark that hitherto gas has been chiefly looked 
upon as an illuminating agent. It is much to be 
hoped that gas engineers will be inclined to enter 
more fully into the value of that agent as a means of 
improving ventilation. If a few fires in a mine, or 
at the top of the shaft, can effect the ventilation of 
acres of underground area, what might not a few gas 
jets do in our houses, public buildings, &c. ? 

We have necessarily only briefly = on some of 
the most important sani’ ints experience 
oat future attempt. = Progress has been made 

uring the year, but it is amazingly small con- 
sidering our tavettlies of what is needed, and of 
the remedies actually in our hands, We trust to 
see amore successful result in every department 





of these questions before another year has elapsed. 
Being forewarned we ought to be forearmed. 
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LONTIN’S DYNAMO-ELECTRIC 
MACHINES. 

Tue magneto-electric system of lighting devised 
by M. Dieudonné Fran¢ois Lontin, of Paris, is just 
now acquiring considerable notice in France, and 
chiefly because of a series of experiments lately 
carried out with it at the Lyons Railway station, 
Paris. Lontin has made some important improve- 
ments in dynamo-electric machines, In 1875, he 

tented in England a plan for turning the whole of 
the electricity produced in the revolving armature, 
or bobbin, of a machine, into the exciting electro- 
magnets, instead of only a portion, as had hitherto 
been done, This of course renders the exciting 
magnets very powerful in a short time, and the 
magnetic resistance to the rotation of the bobbin 
increases in a few moments to such an extent that itis 
almost impossible to overcome it. The circuit is then 
broken by an automatic commutator, and the special 
circuit in which useful work is required to be done, 
such as the apparatus for producing gas, metals, 
electro-plating, &c., is inserted so as to form of 
the circuit. The action of the machine then becomes 
normal and continues so, the superabundant energy 
of the current being utilised in chemical decomposi- 
tion. Lontin reserved to himself all the applications 
which might result from this new mode of employing 
the current from any sort of dynamo-electric machine, 
whether in the production of chemical, magnetic, 
heating, or lighting effects. He also proposed to use 
this class of machine, in which all the current is 
returned into the inducing electro-magnets, or, in 
other words, which have a single circuit, such as 
powerful breaks. When the circuit is open the bobbin 
turns without any difficulty, but as soon as the 
circuit is closed by the slightest contact it encounters 
considerable resistance to rotation. A machine 
weighing 100 kilogrammes, for example, requires 
but the strength of a child to work it when the 
circuit is open, but six to eight horse power will be 
insufficient to overcome the resistance to turning 
when the circuit is closed ; and this effect is brought 


about by the simple act of making a contact. ‘The | ™#8® 


machine itself immediately generates the magnetism 
necessary to produce this magnetic break-power 
which may be applied in various ways. ; 
In 1876 (Patent Nos. 386 and 3264) Lontin 
patented in England further improvements of 
magneto-electric machines. One defect in machines 
is the great heat developed in the bobbin or bobbins, 
which is due to over frequency of the induction 
in them. To overcome this objection Lontin multi- 
plies the number of bobbins or parts of the revolving 
armature. He constructs the armature in the form 
of a wheel provided with a central boss and spokes 
of soft iron, and mounted on a shaft to which rotary 
motion can be imparted, This wheel is represented 
in Fig. 1 at A. Each soft iron spoke of the wheel 











has a coil or bobbin of insulated wire on it, and is, 
in fact, an electro-magnet, which becomes a source 
of induced electricity when the wheel is revolved 
between the poles of a fixed electro-magnet B B, as 
shown in the figure. The residual magnetism of the 
cores of B B is sufficient at first to generate a feeble 
current in the bobbins when the wheel is revolved, 
and a portion of this current kept in one direction 
by a commutator is diverted in the usual manner 
into the electro-magnets B B, in order to intensify 
them so that they may in turn induce more powerful 
currents in the bobbins. Lontin reserves the right 
of applying one or several of these induction wheels 
on the same shaft, and placing them opposite one or 
more series of electro or permanent magnets. When 
two wheels are fixed to the same shaft, one of them 
ean supply currents exclusively for feeding the 
electro-magnets, and the currents from the other can 
be used for external work. When there is only one 





wheel on the shaft, as a portion only of the current 
generated is employed to feed the magnets, the 
remainder can be turned to other p ee 
these currents are required to be invariable in di- 
rection, a commutator or a collector is used, other- 
wise the electricity may be collected by friction or 
contact rings. When commutators are used, one for 
each bobbin, or at most each pair of bobbins, is 
placed on the shaft, and to each is attached the two 
extremities of the wire of the bobbin or pair of 
bobbins corresponding. When collectors are used 
all the bobbins on the wheel are connected up in 
series so as to form a completely closed circuit. 
The result is that all the bobbins which are 
approaching a pole of the electro-magnet are in- 
versely electrified to those receding from the same 
pole. A metal strip or rubber is placed opposite 
this pole of the electro-magnet to collect by contact 
the electricity generated in the bobbin at the instant 
that its polarity becomes reversed, a similar rubber 
being applied at the other pole of the electro-magnet 
to form the second pole or electrode of the machine 
by which the induced current is led away. It will 
be seen that if the arms of the wheel are sufficiently 
numerous the induced current will be continuous 
and even equable. Commutators are liable in 
powerful sealians to rapid destruction by the 
oxidising and volatilising heat of the sparks emitted. 
M. Lontin avoids this oxidising effect in presence of 
air by enclosing the commutators in a bath of non- 
drying oil. This precaution is not necessary with 
small machines. 

Various modifications of this machine are de- 
scribed by Lontin, who also points out that it can 
be efficiently utilised as an electric motor. Whether 
the wheel be placed between the poles of a perma- 
nent or an electro-magnet, if actuated by a battery 
ora dynamo-electric current it possesses considerable 
motive power. 

The most valuable of Lontin’s improvements 
seems to be his plan of constructing d 0-electric 
machines in such a manner that the inducing electro- 
ets shall have a rotary motion, while the in- 
duced bobbins remain stationary, thus reversing the 
ordinary method of working. Fig.2 is a repre- 
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sentation of a machine of this kind. An induction 
wheel A A revolves in front of the poles of a series 
of electro-magnets B B. The bobbins of the induc- 
tion wheel are in this case the inducers; they are 
transformed into electro-magnets by the current of 
a spare magneto-electric machine passed through 
them, and on rotation of the wheel they induce in 
the surrounding bobbins BB a series of currents 
which may be utilised without employing any 
collector or contactring. For example, in a machine 
having fifty induced bobbins there would be fifty 
sources of electricity, which cvuld be used either 
separately or combined, A special application of 
this plan is the production of any desired number 
of electric lights, and it is this form of machine 
to which we referred as having been experimented 
with at the Lyons Railway station, Paris. The wheel 
or central inductor of the ‘‘distributor,” as the whole 
machine is called, is in these experiments magnetised 
by the current from a Wilde’s ordinary machine. 
There are two series of twelve bobbins surrounding 
the wheel, and the rapid rotation of the latter in- 
duces a current in each of these bobbins capable of 
feeding three electric lamps, so that a single machine 
is capable of maintaining 72 electric lights. In the 
actual experiments it was only required to maintain 
28. Each lamp gives a light _ to eighty gas 
lamps, and works with regularity for 104 hours before 
the carbon wicks are consumed, The wheel is kept 





going by an engine of 40 horse power. The experi- 
ments were continued for forty consecutive nights, 
and the effect is said to have been —- 
whole station, except the waiting-room, g lit up 
a giorno. Itisnot yet settled, however, whether the 
railway company will agree to the ex- 
penditure of this method over gas in order to secure 
the better light. 
Another modification of this plan, similar to that 
of Wilde, patented in England in 1873, consists in 
rolonging the cores of the inducing electro-magnets 
B of the machine shown in Fig. 1, so that one or 
more additional coils of insulated wire, or bobbins 
CC, can be placed upon them. Then when the 
wheel A in this machine is turned into an inducer, 
by reason of the currents already induced in it by 
the electro-magnets B B, it will in its rotation induce 
currents in the additional bobbins C C, which can be 
led away and utilised for the production of separate 
electric lights as shown, or combined together. 
These bobbins yield rapidly alternating currents, 
because the induction in them is due to the approach 
and recession of each bobbin of the inducing wheel, 
This machine is, therefore, handy as yielding alter- 
nating currents from the fixed bobbins, and unvary- 
ing currents from the movable ones. 

y the use of the distributor and the method last 
described, either separately or conjointly currents 
can be taken at will, either for tension or quantity, 
either wholly or ially, smn or uniform, 
and without employing any collector for the alter- 
nating currents. 
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Wagen, Dynamometer, und Materialpriifungs-Maschinen 
( ne emo Machines, Dynamometers, and Testing 
Mac ines) Bericht iiber die Weltaustellung, in Phila- 
delphia, 876, herausgegeben von der Oesterveichischen 

- , $c. By Jonann Spacru. Vienna: Faesy 


and Frick. 

Tuis little book contains a critical description of the 
principal machines and instruments of the kinds 
named in its title which were exhibited at the 
Philadelphia Exhibition in 1876. Altogether these 
machines were far from numerous, and they did not 
possess many striking points of interest. Herr 
Spacil, however, has contrived to pick out the more 
novel or interesting points about the exhibits, and 
by describing these at some length, and not wasting 
space over well-known constructions, has put 
together a readable report, and one possessing some 
value to those interested in the particular machines 
described. Three-fourths of the report is devoted 
to testing machines, the descriptions of which are 
prefaced by some sensible general remarks on 
testing, chiefly directed to enforcing the greater im- 
portance, for many practical purposes, of a know- 
ledge of the limit of elasticity than of the ultimate 
strength of a piece of material, ‘The testing ma- 
chines described, and also illustrated in some detail, 
are Professor Thurston's torsion machine, a com- 
pound testing machine for tension, compression, and 
bending (maximum load 50,000 1b.) by Fairbanks 
and Co., of New York, two machines by Riehlé 
Brothers (Philadelphia), one for 75 tons and one for 
20 tons load, and two smaller machines by the same 
firm, one for testing cements, &c., and one for cord 
or thread. Professor ‘I‘hurston’s lubricator testing 
machine is also illustrated and described. 

The author's critical remarks on the methods of 
using the various types of machine and the compara- 
tive usefulness of the results which they give seem 
sound and practical, Altogether his little book ma: 
be valued as a useful addition to the very small 
stock of literary. work which has been done in 
reference to its own important and interesting 
subject. 
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THE STEAM TREE FELLER. 

On Friday last a number of gentlemen assembled on a 
well-timbered plot of land at Tulse Hill to witness the 
novel operation of tree felling by steam power. Several 
attempts have been made to supersede manual labour by 
mechanical power in this direction, but we are not aware 
that any have succeeded. The time occupied in moving 
the apparatus from tree to tree, and in fixing and adjust- 
ing it for work, has been the main cause of failure. 
Success has been wanting, not from mechanical reasons, 
but from a defect in the all-important matter of cost, 
which has come out heavier than that of hand labour. 
Messrs. A Ransome and Co., of the Stanley Works, 
Chelsea, have, however, taken the matter in hand, and 
have produced an apparatus which, by the light of 
last Friday’s trials, appears likely to be successful. 
The apparatus consists of a steam cylinder 4 in. in 
diameter with a 20-in. stroke, fixed to a light cast-iron 
bedplate. The cylinder is pivoted underneath at its 
centre upon the bedplate, and is traversed by means of a 
handwheel and worm ing at the back end, so as to 


and constructed for the Greenock Harbour Trustees a few 
years ago, and which has reflected such an amount of 
credit upon that gentleman’s engineering abilities, and 
added very greatly to his professional tation. Ac- 
cording to the plans there is shown a wet dock of 2000ft. 
in length and 300 ft. in width, the Harbour Trustees re- 
taining the power, however, to limit the length to 
1600 ft., 1700 ft., 1800 ft., or 1900 ft., as may eventually be 


to the dock the width is to be 70ft., while the depth of 
water on the sill at high water of spring tides is to be 
28 ft.; and there is also to be an opening at the eastern 
end 40 ft. in width, and having a depth of 16 ft. of water 
on the sill. Within the wet dock there is to be a jetty 
40 ft. wide, and ranging from 600 ft. to 1000 ft. in length, 
according to the length ultimately chosen for the dock 
itself. Provision is made in the specifications for a new 
tidal harbour of somewhat large dimensions at the 
western end of the wet dock, and for the formation of a 
river wall, embankment, quays, and other works con- 
nected therewith ‘on the lands and foreshore of Garvel 
Park Estate, and the lands and foreshore to the east 
thereof, belonging to the Greenock Harbour Trustees, 
and situate on the banks of the Clyde at the eastern end 
of the town of Greenock,” It also provides that the con- 
tractor for the works, not later than the end of the 
second year after the date of the order for commence- 
ment of the work, shall prepare a site on the bottom of 
the wet dock for the use of the contractor who is to con- 
struct the caisson which is to be used at the western 
entrance of the wet dock. With the exception of this 
caisson all the other ironwork is apparently included in 
the specification. From the experimental borings which 
have been made, and which are specially detailed in 
jourfals in the engineer’s office, it would seem that the 
strata upon the site of the docks consist of ‘‘ till,” boulders, 
and sandstone rock, and the excavations from the dock 
are to be deposited so as to form a river embankment 
or quay, or be conveyed to Loch Long. The river em- 
bankment referred to is, of course, the proposed new 
river line from Ladyburn Perch to the western entrance 
of the dock, which the Greenock Harbour Trustees are at 
present very anxious to have settled, and regarding 
which negotiations are in progress with the Clyde 
Lighthouses Trustees. Until that line is settled it will 
practically be impossible to push forward the other 
works. The superstructures of the walls of the wet 
dock, the entrance works, the tidal harbour, &c., are to 
be executed in Portland cement and rubble concrete, and 
Portland cement brickwork, faced and coped, throughout 





gear’ 

enable it to follow the cut of the saw in thetimber. The 
saw is fixed by screws to the end of the piston rod, which 
travels —— The weight of the apparatus is about 
4 owt., it ia held up to its work by a stout chain 
passed around the tree, At least this was the plan 
adopted at the commencement of operations on Friday, 
which was the first trial of the machine on trees, but it 
was soon found that by spiking it down at the rear by 
means of a crow-bar sufficient steadiness was obtained. 
Steam is supplied froma 3-horse power portable boiler 
through a flexible hose, which can be of sufficient length 
to enable a number of trees to be cut down without moving 
the boiler. 

At the trials in question the machine was set in a trench 


with granite. An important item in the specification is 
that the contractor must find security to the extent of 
25,0002. 


THE INSTITUTION OF CIVIL ENGINEERS. 
Tue first meeting after the Christmas recess was held on 
Tuesday, the 15th of January, when the newly-elected 
President, Mr. John Frederic Bateman, F.R.SS. L. 
and E., delivered an ina address 

After a ing allusion to the growth of the Institution, 
which at the end of 1844 numbered only 552 of all classes, 
now increased to 3189, reference was made to some of the 
addresses of the eighteen gentlemen who had previously 
occupied the presidential chair, mainly for the purposes of 








at each tree 8 in. or 4 in. deep, so as to enable the saw to 
cut the tree at, or even below, ground level. Four fine 
elm trees were first operated on, and the whole of them 
wore without any burry or hindrance felled within three- 
quarters of an hour. They averaged 36 in. in diameter, 
and would have been a fair day’s work for four men to fell 
by hand. The advantage of the machine was at once 
apparent in the matter of labour-saving, whilst the first 
cost is by no means extravagant. It is to be noted, how- 
ever, that during the trial referred to four men were 

uired to work it; but by having a light truck— 


as Messrs. Ransome p’ for transporting it from 
tree to tree, it is claimed that this number may be re- 
duced to half. Some smaller elms were subsequently 


operated upon, when several of 2 ft. in diameter were 
prangist down in 2} minutes from the time of start- 
ing the saw. One specimen, 2 ft. by 1 ft. 6 in., fell in 
1} minutes. 


PROPOSED NEW EARBOUR WORKS FOR 
GREENOCK, 

CONSIDERABLE progress has now been made by Mr. 
W. R. Kinipple, ok. with the arrangements for the con- 
struction of the new wet dock and tidal harbour, which 
has been so long in contemplation by the Greenock Har- 
bour Trustees ; indeed, it may be said that the plans, speci- 
fications, and bills of quantities for this new engineering 
undertaking are tically completed, ard they will very 
shortly be issued from the harbour engineer's office in a 
collected form for the information of intending contractors. 
When it is considered that the total cost of the works now 
contemplated will probably be not less than 300,000/,, it 
is but natural to suppose that not a few contractors will, 
in consequence of the somewhat dull tithes now existing, 
make a strenuous effort to secure the job. A number of 
them are certainly looking forward to it with a con- 
siderable amount of interest. 

The site chosen for the new dock is at Garvel Park, 
close by the graving dock which Mr, Kinipple designed 











comparison. Thus, Mr. Robert Stephenson, in sum- 
marising the statistics of British railways to the end of 
1854, mentioned that 368 million sterling had been autho- 
rised to be expended, of which 286 millions had been raised ; 
whereas at the end of 1876 these figures were respectively 
742 and 682 millions. Again, Mr. Locke, in treating of 
French railways, remarked at the close of 1856, concessions 
had been ted for 7030 miles, of which 4060 miles were 
open ; whilst at the close of 1876 these mil were 
16,452 and 12,715. Mr. McClean had contrasted the in- 
come available for taxation in 1815 with 1856, and had 
shown that in the interval the revenue from land had not in- 
creased, while that from houses had ae 300 per 
cent., and from quarries, mines, iron works, canals, rail- 
ae &c., 1200 per cent. There was evidence that since 
1856 the increase had been very great, even if these high 
rates had not a been maintained. ese remar 

showed how largely the engineer had been employed, and 
how much his labours had contributed to the development 
of the wealth and prosperity of all countries where he had 


me 
roceeding to matters more personal to every member of 
the Institution, the President urged that engineering was 
but, in fact, the embodiment of practical wisdom, or, in the 
words of Bacon, “‘the conjunction of contemplation and 
action.’’ Thought, combined with ice, led to the 
perfecting of the steam engine by James Watt, to the suc- 
cessful application of the locomotive engine by Geo 
Stephenson, and to the production of the electric telegraph. 
It was to the combination of sound theory with successful 
ractice, that engineering owed its present position, and 
ad been able to advance material prosperity. It might, 
however, lay claim to more than that, for the works of the 
engineer carried the blessings of civilisation into every 
quarter of the globe; the steam engine in its various ap- 
plications had knitted ther the most distant nations, 
ignorance had been brought into contact with knowledge, 
and heathenism with Christianity. On these grounds, and on 
others, the education of the engineer was of serious moment. 
In France, and on the Continent generally, where public 


deemed most desirable. At the main or western entrance | jf 


lacked that practical experience which had hitherto been 
the main source of the suecess of the English engineer, who 
owed little or noth to Government and 
whose emplopment on individual merit, the 
works being undertaken by private en’ i Still, our 
young engineers were not al » by imi 
education, as well as they might be for the subsequent ac- 
quisition of svestionl bnowielee, Special qualifications, and 
some of a high order, were required, and it would be well 

advantage were taken of the numerous public schools in 
which instruction bearing on engineering was given, witha 
view to prevent young men becoming pupils without these 
qualifications. Butit must be enteretoed that such train- 
ing could only be ied as preparatory, and not as 
being complete in itself ; and it was a mistake and mis- 
chievous where any college or school professed to fit a 
student to act at once as an engineer. 

The President gave a brief description of a few of the 
principal engineering works recently eye eee, or at 
present under construction ; mentioning in telegraph engi- 
neering the telephones of Mr. A. G. Bell and Mr. Edison ; 
instruments which differed in construction, but by both 
of which the human voice, with all its modulations, could 
be transmittsd to great distances. Then, again, the 
quadruple system of telegraphy, imported from America, 
had come into use. By this system two messages 
could be sent in each direction by the same wire at the same 
time. During the past year electricity had put forward 
other claims those relating to means.of communication. 
Thus, the electric light, if it could not at present compete 
successfully with the convenience in d tie arrang ts 
of gaslighting, had been found useful and effective for the 
illumination of large spaces, and the invention was about 
to be applied at the Lizard Point lighthouses. 

In the conviction that experience of a special kind, gained 
during a long professional life, was of more real valne than 
allusions, however lucid, to a variety of subjects, the Presi- 
dent next adverted to a a which was of the highest 
importance in that branch of the profession to cabiah his 
attention had been more ponies directed, viz., the 
rainfall of this country, and the quantity of water which 
flowed off the und, available for the use of man if 
properly utilised, or destructive when uncontrolled and 
permitted to cause floods or torrents. The variation in the 
rainfall was very t. For instance, on the east coast of 
England and Scotland the average did not exceed 20 in. per 
annum : on the south and west coasts it was 35 in. or 40 in. ; 
in the Penine chain of hills forming the backbone of Eng- 
land, the Dog ! ranged from 40 in. to 60 in. in the highest 

of Wales, Cumberland and Westmoreland a fall of 
m 60 in. to 80 in. was reached, while in some parts of the 
lake districts it amounted to upwards of 150 in. The 
observations of Mr. J. F. (afterwards Dr.) Miller, of White- 
haven, showed that the maximum density of the rain cloud 
was at about 2000 ft. above the sea level, although local 
circumstances exercised an important influence upon the 
quantity of rain which really reached the earth ; that the 
greatest deposition of rain might be expected on that side 
of a mountain exceeding 2000 ft. in height, upon which the 
rain cloud impinged, but on the opposite side when the 
mountains did not rise so high ; and that in a succession of 
or and valleys, without intervening mountains of a 
sufficient height to arrest the ss of the rain cloud, 
the greatest fall of rain would be in the first trough. In 
illustration, numerous observations on the rainfall in 
Lancashire and Yorkshire were given; and it was men- 
tioned that the same results were observed in the lake 
districts of Dumbarton, Stirling, and Perthshire. As the 
quantity of rain varied in every district, and depended 
not only upon elevation but upon the physical and_ geo- 
— features of the country, nothing could be more 
allacious than to attempt to determine, by any fixed ratio, 
the amount of rain which would probably fall in any district, 
unless there was some corresponding one, similar in eleva- 
tion, in proximity to the sea, in exposure to wind, and in 
other external circumstances with which to compare it. 
The proportion of this very varying rainfall, which would 
flow off the surface depen: largely upon the geological 
character of the [rocks, their elevation and declivity, 
and the manner in which they were clothed with vegetation. 
The water passed off partly in floods and partly in perennial 
springs ; that issuing from springs varying according to 
the physical features or lithological character of the district. 
Absorbent rocks yielded the greatest abundance; next, 
loosely stratified rocks, and least of all the closely bedded 
slate rocks, and the primitive formations. Ge , in the 
coal measures, the millstone grit, and the primitive forma- 
tions, the quantity of spring water in the driest seasons 
would vary from about one-quarter to three-quarters of a 
cubic foot per second per 1000 acres; one-half a foot per 
second per 1000 acres being an average quantity in a dry 
season. This quantity formed, however, but a small por- 
tion of that flowing off the ground in times of flood, which 
exceeded five or six hundred to one thousand times the 
quantity of water in dry seasons. The amount of flood 
waters was an important consideration in all engineering 
operations, as upon it depended the supply of large storage 
reservoirs, for canals, for water power, and for use of 
towns—the openings of bridges spanning rivers, the con- 
struction of river courses, the drainage of lands, and the 
effect in ‘‘scour’” upon the beds of rivers and upon the 
mouths of harbours. 














CANADIAN Rattwars.—The first locomotive has passed 
over the St. Maurice iron bridge on the Montreal, Ottawa, 
and Occidental Railway. This line completes communica- 
tion between Three Rivers and Quebec. 


Tue Frencu Iron Trapz.—This trade presents little 
change. The quantity of iron and plates imported into 
France in the first eleven months of last was 
55,000 tons, as compared with 51,000 tons in the corre- 








works were mainly carried out by Governments, engi- 
neers were edi in special schools, the theoretical in- 
formation thus acquired being admi superior, as a 


rule, to that imparted in this country ; yet the s 





sponding period of 1876. 
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NOTES FROM THE SOUTH-WEST. 
South Wales Coal and Iron.—The coal shipments from 
Cardiff, for December, to foreign —, 277,620 
tons, as inst 260,184 tons for ber, 1876; from 
Newport, 48,609 tons, as against 45,951 tons for December, 
1876; and. from Swansea, 54,184 tons, as against 54,433 
tons for December, 1876. Coastwise, Cardiff 
month were 62,696 tons, as against 56,009 tons for Decem- 
ber, 1876 ; Newport, 73,428 tons, against 66,048 tons ; and 
Swansea, 29,487 tons against 14,789 tons. The quantity of 
iron exported from Cardiff last month was 3441 tons ; from 
Newport 6427 tons ; and from Swansea, nil. The year’s 
exports from Cardiff comprised 3,658,003 tons of coal to 
foreign ports, as against 3,509,174 tons for 1876; and 
808,414 tons coastwise as inst 865,214 tons for 1876. 
Newport shipped, last year, 611,156 tons of coal to foreign 
ports, as against 596,135 tons for 1876; and Swansea, 
653,630 tons, as against 632,759 tons for 1876. Cardiff, last 
year, shipped 81,849 tons of iron, as against 100,486 tons 
for 1876; and also shipped 13,103 tons of coke, and 93,094 
tons of patent fuel. Newcastle last year shipped 3,249,401 
tons of coal to foreign ports, so that Cardiff takes the iead 
of all the coal-shipping ports in the country. 


The Narrow Gauge in the West.—The Great Western 
Railway Company have begun this week running narrow- 
gauge through trains from Paddington to Exeter. 

Proposed Rating of Bristol Docks.—An appeal against 
a magistrate’s order for rating Bristol Docks was concluded 
on Saturday before the Recorder (Mr. Kingdon). The 
learned recorder, in an elaborate judgment, held that the 
docks were not rateable, and accordingly found for the 
appellants with costs. Mr. White asked the recorder to 
grant a case for a superior court, but the recorder refused, 
saying he had no power, and that his decision was final. 


The Forest of Dean.—The Cinderford Valley house coal 
trade has fallen off since the commencement of the new 
year. As an evidence of this, it may be mentioned that 
the early train on Saturday—which should have consisted 
of 40 trucks—did not exceed10. The Parkend Coal Com- 
pany’s pits are working full time. A recent cut of coal at 
their Royal pit is inducing hopes of a return of activity at 
these old workings. Trade not improved at the fur- 
naces. 


Mountain Ash.—Some of the collieries of this district | 3 


worked last week four days, others three, and the remainder 
two. It is computed that the average wages earned at the 
latter collieries only amounted to from 6s. to 7s. 


Swansea.—There has been a slight falling off in coal 
exports during the past week, there having been 20,500 tons 
shipped during the week. The prices quoted for steam, 
anthracite, and house coal remain without change. Among 
the imports during the week were several consignments of 
pig iron for the Landore Steel Company, and a quantity of 
iron ore for the Dowlais Iron Company, There was also 
a consignment of pig iron for Messrs. Guibertson and Co., 
and one for Messrs. Townsend, Wood, and Co. There is no 
change to note in the tin-plate trade. 


The Avonside Engine Works.—On Monday the men em- 
ployed at the Avonside Engine Works, Bristol, received 
official notice of a proposed reduction of 123 per cent. in 
their wages, and also a week’s notice. The men have not 
at present returned any reply to the directors’ intimation 
as to the reduction ; and if during the week they resolve to 
resist it the works will be closed. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland [ron ae there was a fair 
average attendance on ’Change at Middlesbrough. The 
prices of pig iron were unaltered. The usual weekly 
meeting of ironmasters was not held, as they had met the 
previous Tuesday, and adjourned for a fortnight. They 
are still adhering to the policy of lating the production 
of pig iron according to the demand, in the hope that they 
will maintain quotations which will jeave them some profit 
for carrying on their business. Last year, although the 
depression in trade was general, the total make of pig 
iron inthe Cleveland district reached the enormous quantity 
of 2,002,575 tons. 


The Finished Iron Trade.—There is, unfortunately, no sign 
of any improvement in this branch of the staple industry. 
Many of the works which were closed a year or two ago 
are still standing idle, and it is impossible to fix the time 
when they are likely to recommence operations. 

Engineering and Shipbuilding.—Engineers are busy and 
shipbuilders are kept ‘fairly well employed. It is matter 
for congratulation that during the past year the shipbuild- 
ing on the Tees exceeded that of any previous year. 


Steel.— Messrs. Bolckow, Vaughan, and Co. are able to 
keep their splendid new steel works at Eston, Middles- 
brough, actively occupied. It is some time ago since they 
produced a rail per minute. There is a very sanguine 
feeling that Cleveland will, ere long, become as n for 
its production of steel as it has been for its ironmaking 


The Coal and Coke Trades.—There is nothing new in the 
fuel trade. The difference which unhappily exists be- 
tween the coalowners and the pitmen in Northumberland 
is producing a great deal of distress in the colliery villages. 
There does not appear to be any ground for supposing 
that the wages dispute will be easily or early settled. 


_ AUSTRALIAN TELEGRAPHY..—Theelectric telegraph line 
in progress between South Australia and Western Australia 
has been nearly completed. When it is in operation there 


will be an unbroken line ence om between Rock- 
hampton, Queensland, and Perth, oll Australia. 








NOTES FROM THE NORTH. 
Guaseow, Wednesday. 
Glasgow Pig-Iron Market.—The pig-iron warrant market 
— very depressed last Thursday. It was worst at the 
c and prices fell 1}d. per ton. Business was done in 
the forenoon at 50s. 9d. to 50s. 10d}. cash, closing with 


last | sellers at the higher quotation. In the afternoon 50s. 9d 


cash was the only quotation, and the market closed with 


sellers at 50s. 9d. cash and 50s. 114d. one month, a 
shade under. On Friday morning the market dull, 
and the close was simi that of the ing day. 


Business was done in the fornoon at 50s. 84d. to 50s. 94d. 
cash, buyers closing at 503. 9d. and sellers at the higher 
quotation. In the afternoon the only quotation was 
50s. 9d. cash, the week’s business closing with sellers ask- 
ing 50s. 9d. cash and 50s. 11d. one month, and b 
offerin 50s. 8d. and 50s. 10d. tt age * the di 
from the previous Friday was 9d. ton. On Monda 
the warrant market again opened dull, and prices lost 1d. 
per ton, but a recovery of that sum was secured in the 
afternoon. Business started in theforenoon at 50s. 8}d. 
and quotations receded to 50s. 8d., and the market closed 
with sellers asking 50s. 8d. cash and 50s. 10d. one month, 
buyers offering $d. per ton less. In the afternoon prices 
improved to 50s. 8d. and 50s. 9d. cash, and at the close 
there were sellers at the latter and buyers at the former 
uotation. The warrant market was fully stranger yester- 
y, and prices went steadily upwards till near the close, 
when there was a sudden relapse, and the final quotation 
was the same as Monday’s. In the morning business 
opened at 50s. 9d., and improved to 50s. 10d. cash, and 
from 50s. 11d. to 51s. one month, closing buyers at the 
higher quotation, and sellers 4d. per ton more. Darin: 
the afternoon prices touched 50s. 10}d. cash and 51s. Od 


lost, andj50s. 9d. cash and 50s. 11d. one month were 
accepted. A large amount of business was done this fore- 
noon at 50s. 9d. and 50s. 10d. cash, and at 51s. to 51s. 04d. 
one month open, but at the close buyers were offering 
50s. 8$d. cash and sellers were willing to accept 50s. 9d. 
The afternoon market opened quiet, and the prices were 
the same as at the forenoon’s close. The reduction of 
the Bank rate seems to have had no effect in check: 
the fall in prices. For the present the dread of politi 
complications in connexion with the Eastern question is 
eterring investors from buying even at the very low 
rices which have for some days prevailed. Several makers 
ave reduced their prices within the last few days, but 
the demand still continues to be very quiet, and yet to- 
wards the end of the past week there was rather more 
business doing. Shipping iron is very quiet in demand. 
A small quantity of pig iron was sent into the public 
warrant stores last week, and up till Friday Ly the 
stock with Messrs. Connal and Co. amounted to 169,056 tons, 
thus showing an increase of 339 tons during the week 
The number of blast furnaces in operation is still 86, 
as against 108 at the same time last year. The ship- 
ments from all Scotch ports for the week ending last 
turday amounted to 6085 tons as compared with 6510 tons 
in the corresponding week of last year. 


al Scottish Society of Arts.—An ordinary jmeeting 
of this society was held in Edinburgh on Monday evening, 
Mr. D. Brace Peebles, Vice-President, in the chair. A 
report by a committee of the society on Mr. W. R. 
Donglas’s patent davits for ships’ boats was read by Mr. 
Sang, C.E. The committee considered Mr. Douglas’s in- 
vention as simple, ingenious, and well worthy of a trial. 
For river steamers his plan possessed decided advantages 
over older ory but in ocean steamers it might be neutra- 
lised by defects which were inherent in the design, ex- 

rience at sea being necessary before an opinion could be 
ormed. The next communication was one by the President, 
Dr. RB. M. Ferguson, on the telephone; in the course of 


which the author of the made some very successful ex- 


periments with the ting galvano’ 3; and, with a 
telephone of his own, being y that ofa derman inventor 
and partly that , carried out telep experiments 
of a fairly satisfactory nature. 

Edinburgh and Leith Engineers’ Society.—A meeting of 
this society was held last Wednesday night, Mr, Alexan- 
der Leslie, C.E., in the chair. a gel was read by Mr. 
4 6 ern the economical construction of dis- 

eries. 

Fairfield Association.—The fifth 
this association was held on Friday 

i hen a paper on “‘ 
nfining 


then entered fully into the su 
ve the of in i 
y Bourne, Rankine, Isherwood, Denny, and 
Hosoription of the different’ kines of insindi 
n eren' o! » inc 
7 an Grifiths. “He re 


resistances, 
ions and experiments made 
others. By 


descri 

those of Smith, Hirsch, Mangin, 4 re- 

ferred to the comparatively slight variation in the results 

- the use pe res | —. of blade, and — out 
important influence o' ship’s lines on the i 

of the peller. A discussion followed, and re 


paper. 

Death of a Scientific Agriculturist.—I omitted to men- 
tion last week the death of Kinnaird, a much esteemed 
Scotch nobleman who is specially worthy of a notice in the 
$e ngvisulbute Ga tue ont elsesepd pchaiglee By pooled 
to agri on the m van rinciples. By i 
example as well as by to ak ; Kinnaird 
was a most enthusiastic advocate steam mac 
Besides having about 1200 acres in his own | 





several a dele eae A ge tam mae 


time thorough i and 


- | Kowlong, 
one month, but shortly thereafter the entire gain was} Gillies. 


ordinary pactien of }sperony mea 


drawings and models, he gave a dates 


P general 
satisfaction was expressed with the valuable nature of the Fake: 


iit 


J 


BE 


ret 
id 


All 

ine 

sorts of new +4 to be found on his lordship’s 
He took great interest in patting new im Fo 


farms. 

to the practical test. Of a mechanical and inventive turn 

himself, he invented several improved and useful farm im- 

plements, and helped to perfect others. To the Bell 

reaping machine he gave, a 

ing those let, were mostly : 
an 


covered courts, and accommodstion 
was carefully . Lord Kinnaird very suddenly 
on the morning of Saturday week in his 70th year. 


Engineering ees — Mr. Robert Robertson 
son of Dr. Ro m, of Renfrew, and who has for some 
time held a responsible appointment under the is 
Sulphur and Copper Company, at Huelva, in Spain, has 
ust been appointed engineer to the Hong-Kong and 

hampoa Dock Company, at their works in Aberdeen, 
and Whampoa, under the chief manager, Mr. 
Besides having an extensive business as dock 


owners and ship repairers, the company have probably the 
largest engineering establishment in China, where they do 
a considerable amount of work in construction of 


various classes of small-size steamers. They are conse- 
amas Ad large employers of ann oe rye eed 

is @ career in oi eve, 
Messrs. Barclay, Curie, and Oo. arin : 





Bronze-SterL.—Experiments have been lately made in 
the foundry at Spandau with bronze steel prepared by the 
Uchatius method, and these have been so successful that it 
is stated the inspector-general of the German artillery 
has definitely decided to adopt it as a material for the 
manufacture < eae A A first instance, the 
ins -gene as sev siege guns to be 
pm ry e new compound, the secret of the preparation 
of which ar to be now very generally known. The 
guns which are to be thus manufactured, are to have a 
calibre of 12 centimetres, but will be superior to the 
Austrian pieces with the same bore, as arrangements will 
be made to allow a charge of powder to be used. 
The construction of these guns is look m as the first 
step towards the complete substitution of bronze-steel for 
steel ordnance in the German army. Meanwhile satisfactory 
experiments have been made on the range at Steinfeld, 
near Vienna, with two revently constructed 15-centimetre 
bronze-steel| gans. The Austrian Minister of War, the 
President of a Technical Committee, General Uchatius, and 
a large number of artillery officers were present on the 
occasion, and practice was made with the new 
weapon ata 2000 metres (about 2190 yards) range. 





THE — or OtIvin qe te _ 
meeting society on Tuesday, January 15th, Mr. J. 
F. Bateman, F.B.8., the President, in the chair, it was 
announced that t' i he i of 
nag oo 

omas . 
Chapman, Richard Geo 
Edward Fisher, Geo 
M.A., Charles Foote 


son, and Frank Napier , from the class of Asso- 
ciates to that of Members ; and had admitted Messrs. John 
Francis Albright, Albert Frangois Louis Alliman, Charles 
William » James Trembath 
Boase, Alfred Bos, Reginald Bolton, Joseph Pren- 
denpast og Alexander Stewart Forbes, Ernest Hedley, 
Wi — Augustus Worthington Jopp, George 
Lloyd, J William Parry, ick Reilly, Richard 
Cotton , Dukinfield Henry Scott, Arthur Sackville 
Thomson, Charles 
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OUTRIDGE’S BOX ENGINE. 

In the course of our account of the recent Smithfield 
Club Show we noticed briefly Outridge’s “box engine” 
exhibited on that occasion by the maker, Mr. A. P. Postle- 
thwaite, of Egham, and we now annex an engraving of 
a pair of those engines which will explain their construc- 
tion clearly. As shown by our illustration the engine 
consists of a cast-iron casing forming a cylinder tra- 
versed at the middle of its length by the crankshaft. 
The piston is formed of two rings connected by means of 
distance pieces, while a plate is secured to each end, and 
between these plates the sectors, which act as connecting 
rods, move freely. 

The use of these sectors or quadrants in place of the 
ordinary connecting rods forms one of the features of the 
engine. The sectors roll on the inner faces of the 
piston plates, and are supported by bridle rods of 
wrought iron, the wearing parts being case-hardened, 
and the pins on which they move of steel. In the ends 
of the sectors are fitted the crank-pin brasses, so 
arranged that they may easily be set up until they are 
completely worn through; the motion of the ares of 
the sectors being a rolling motion, there is practically no 
friction. The brasses of course are under the same con- 
ditions as those of an ordinary engine. 

The valves used are of cylindrical form, having 

es for the inlet and outlet of the steam, one valve 
ing placed at each end of the cylinder. They are held 
between centres of hardened steel (as they do not bear on 
the shell there is very little if any wear) and are actuated 
by an eccentric attached to a rod connected to both by 
means of short levers ; the motion of the eccentric causes 
the valves to vibrate. The engine is solely under the 
control of the reve lever, and may be stopped, 
started, reversed, or ed up with the greatest ease, 
the valves always being in equilibrium. 

The clearance spaces are small, the amount beirg only 
one-fortieth part of the cubic contents of the cylinder, 
as compared to one-twelfth part, which is the general 
practice in small engines of the ordinary type. This 
object is gained by the use of very short steam ports, Mr. 
Postlethwaite’s general practice being to make the ports 
# in. in length. 

A lubricator is fitted on the steam pipe and the oil is 
carried past the valves into the interior of the cylinder 
in the usual manner. An oil ™ is also fitted to the 
hand-hole door, by means of which oil is introduced 
between the inner faces of the piston-plates; in this the 
crank-pin is partially submerged at each revolution, the 
—s caused by the passage of the crank through 

C) oroughly lubricates all the working en- 
closed within the diameter of the cylinder, and oilways 
are cutin the bearing brasses, thro which the oil con- 
etantly trickles and thereby reduces the chances of hot 
bearings. When once the lubricator has been charged 
and a proper quantity of oil placed between the piston 
plates, the engine will, we are informed, run for 24 hours 
without attention. 

It will be noticed that in the arrangement under notice 
all parts being in compression only, they are less liable 
to get out of order than the ordinary engine where the 
working parts are subjected to compression and tensile 
strain alternately. In the event of anything going 
wrong the whole of the —e parts may be removed 
without breaking a joint, of which, by the way, there are 
only two in the whole engine. The small floor space re- 
quired for these engines is worth notice; the engine ex- 
hibited at the Agricultural Hall (viz., one capable of 
indicating 25 horse power with 65 lb. boiler pressure) 
occupied a space of 14 in. by 82 in., the height over the 
top of the engine being 13} in., and the weight 3} cwt. 
The engine appears to be one well adapted for a high 
8 , and ithas altogether many good points. Mr. Pos- 
tlethwaite is also arran; compo’ engines on the 
same principle, one plan being to use three cylinders of 
equal size cast or bolted together, and having the valve 
gear so arranged that they can either be run as three 
pt a ona cylinders or one can be made to exhaust into 
the other two, the alteration being made if desired while 
the engineis running. This forms a very handy arrange- 
ment for driving steam launches and similar purposes. 


THE TALKING PHONOGRAPH. 
We quote the following account of Mr. Edison’s latest 
bats of the — from the Scientific American : 
placed ' 








Thomas A. Edison revently came into this office 

a little machine on our desk, turned a crank, and 
the machine inquired as to our health, asked how we liked 
the phonograph, informed us that it was very well, and bid 
us a cordial night. These remarks were not only 
perf audible to ourselves, but to a dozen or more per- 
sons gathered around, and they were produced by the aid 
of no other mechanism than the simpie little contrivance 


explained and illustrated above. 
inciple on which the machine operates we recently 
explained quite fully in announcing the ng te A my 


is, first, a mouthpiece A, Fig. 1, across the inner 
whi h is « metal diaphragm, and to the centre of this dia- 
Bags & a point also of metal. B is a brass 
cylinder supported on a shaft which is screw-threaded and 
turns in a nut for a bearing, so that when the cylinder is 
caused to revolve by the crank C, it also horizontal 


has a 
travel in front of the mouthpiece A. It will be clear that 








becomes indented, and these indentations are 
an exact record of the sounds which produced them. 





might be said that at this 
already become a complete 

but it yet remains to translate 

should be remembered that the Marey and Rosapelly, the | raised above or sunk beneath the surface. This is a part 


Scott, or the the Barlow 
oe pad go ie it has bed 

8 » an i inscri its - 

lar sinuous lines it te still i “ 

Perhaps the best device of this 

the human ear made by Dr. Clarence J. | tached by Mr. Edison in order to facilitate its exhibition 


to us. 
‘*Tn order that the machine may be able exactly to repro- 


of 
, of Boston, for Professor Bell, the inventor of the 
a to its drum a | duce given sounds, it is necessary, first, yap sounds 


This was simply the ear from an actual sub- 


oom, wie my ay toy setengh 4 - 
difference in the traces sounds u in the ear | accurately in the manner described; and second, that 
ly shown. Now there is no doubt aa ther reproduction should bo accom i in the same 


» it would be i time in which were , for evidently this 
"Ealeon's record of dots and cies of time is an Phew Bote factor in, the quality and 





the point on the metal diaphragm m 
Gupleal tonto over the balines of the oglinder. On the 
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tion is the same as if, 


OUTRIDGE’S BOX ENGINE. 


CONSTRUCTED BY MR. A. P. POSTLETHWAITE, ENGINEER, EGHAM. 


Pig. 1. 
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latter is cut a spiral groove of like pitch to that on the | perusing a book ourselves, we drop it into a machine, set 
shaft, and around the cylinder is attached a strip of tin- | the latter in motion, and behold! the voice of the author 
n sounds are uttered in the mouthpiece A, the | is heard repeating his own composition. 
hragm is caused to vibrate and the point thereon is “The reading mechanism is nothing but another dia- 
caused to make contacts with the tinfoil at the portion | phragm held in the tube D on the opposite side of the ma- 
where the latter crosses the spiral hel 
not being there backed by the solid metal of the cylinder, | foil on the cylinder by a delicate spring. It makes no dif- 
necessarily | ference as to the vibrations produced, whether a nail moves 

over a file or a file moves over a nail, and in the present 


ve. Hence, thefoil, | chine, and a point of metal which is 


Se +. os + eee ene os ws ses see eee eeemes seme soso — 





ee ee 


nn 











nee. 


Fig. 2. 


we saw, as it were, anal 





eo which we recently | the sentences ‘ How do you do’ and ‘ How do you like 
this. Each has its own | the phonograph?’ It is alittle curious that the machine 
pronounces its own name with especial clearness. The 
necessary to decipher -| crank handle shown in our pective illustration of 

kind ever contrived was the | the device does not rightl to it, and was at- 


ing cylinder. | should be anal into vibrations, and t 





that trouble by a aoe © nature of the tones. A sound which is composed of a cer- 
ins of | tain number of vibrations per second is an octave above 








eld against the tin- 


| instance it is the file or indented foil strip which moves, 
and the metal point is caused to vibrate as it is affected by 
the of the indentations. The vibrations, however, 
of this point must be precisely the same as those of the 
other point which made the indentations, and these vibra- 
tions, transmitted to a second membrane, must cause the 
latter to vibrate similar to the first membrane, and the 
result is a synthesis of the sounds which, in the beginning, 


lysed. 
‘* In order to exhibit to the reader the writing of the ma- 
; : chine which is thus automatically read, we have had a cast 
point the machine has | of a portion of the indented foil made, and from this the 
h, or sound writer, | dots and lines in Fig. 2 are printed in of course absolute 
remarks made. It | fac-simile, excepting that they are level instead of bein 
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common being from 3 ft. to 4 ft., and none were allowed| The excess is made up of mortar, concrete, and broken | contract fi and seven , reckoning 
less than 6 ft. long. The face stones in cubical | stone ; it is probable that the percentage is about 20 for |from the ‘bottom of foundation ; dapelioe th average 
contents from tb 665 extn zenss cass (the key-stones | the ancho: , and 15 for the towers ; but the figures may | height built per was 57ft. This progress would have 
measuring 5} yards each). backing will average 1} cubic | be modified by the work of the past summer. been considerably more rapid had there’ been no delays 
a and 14 cubic yards in granite.| 8. Thrust of Arches.—Bef i careful | from causes beyond the control of the engineering depart- 

u cornice 


stones from high water to 
the roadway, havea rock face of about 4 in. 
and the arrises are pitched to a line. 
buttresses have a vertical chisel 


The arrises of all the offset stones have the same 

and the face between is pointed down to a } in. proj 

To heighten the contrast and produce the effect of hori- 
zontal bands, the granite in the offsets is of mach lighter 
eolour than the rest of the stone. The faces of the 
cornice stones are of six cut work (except on the sloping 
offsets as before described). Above the roadway, the face 
stones of the buttresses have the rock face jon re- 
duced to about 3 in. ; and a chisel draft is around 


the face of every stone. The pilasters facing the roadways 
are finished like the offset stones; and the intrados of the 
arches aresmooth pointed. The outer 

draft. 3 in. wide, cut on the curved edge of the f 
wide on the other face edges ; thus making a raised pan’ 
of 14 in. height, which is rough pointed between the drafts. 

The voussoirs have a uniform thickness (length of curve 
on intrados) of 2 ft. 3 in. This gives a constantly diminish- 
ing thickness of the spandrel courses. The buttress and 
spandrel courses were, however, made to correspond in rise 
to the top of the thirteenth arch course (this having a rise 
on the spandrel of 23} in.) The eighteenth spandrel course 
had a rise of only 18} in., and from the thirteenth to the 
eighteenth, the s rel and buttress courses were uncon- 
formable. The bond was obtained by cutting down each 
and interlocking at the intersections, as best served to 
secure strong work. The study for this purpose was done 
by means of a model. The reason for not using thinner but- 
tress courses and thus avoiding the necessity for such a con- 
struction, was, that the courses were too thin for the sizes 
of stone required by the bond in the buttresses. 

The general rule of the bond throughout the work, is 
two stretchers to one header. 

7. Materials used in Masonry.—The masonry of the 
towers below water is mostly of limestone, except the facing 
of the upper two courses, which is of granite. e backing 
above high water and below the roadway is mostly granite, 
all the remainder of the work being granite. 

The anchorages were built entirely of limestone, with the 
excoption of the corners, the front arches,‘and the cornice. 
There were also about 650 cubic yards of heavy granite 
blocks in each anctanng®, placed immediately over the 
anchor plates, in order to secure a good hold upon the 
masonry above. 

The li me used has come from Kingston, Essex, 
Willsboro Point, and Isle de La Motte, on Lake Champlain, 
and a small quantity from Canajoharie—all in New York. 
The granite of the towers has come from Deer Island, Fox 
Island, Mount Dessert, Blue Hill, Frankfort, Spruce Head, 
Green's Landing, and Cape Ann—all in Maine; that for 
the anchorages came from Stony Creek, Conn. ; Westerly, 
— Island ; Frankfort, Maine, and Charlotteburg, New 

ersey. 

The gravel used in concrete was beach gravel from 
various points on the north shore of Long Island. It con- 
tained a little sand, but was entirely free from dirt. The 
sand at first used was from Red Bank, off Staten Island ; 
but the excavation for the Brooklyn anchorage furnished 
an abundant oe all subsequent work. The cement 
used has been of the various brands known as Rosendale, 
no lime having been usedat any time. This being a slow 
setting cement, there is a vantage in using it 
where heavy blocks of stone are to be set and adjusted. 

The ordinary proportions of sand, &c., used, have been 
by bulk—for mortar, one part cement and two sand; for 
concrete, one part cement, two parts sand, and four 
parts gravel ; around the anchor bars and at some other 

the proportions were, oue, two, and three. 

i permitted, except in rare cases where 

icable ; the general rule being, 

ints must be wide enough, at least for mortar ; 

free — filing ot ‘‘swords’’ and rammers, so as to 
insure i ts. 

In making up joints iethe boeing. twhevever the spaces 
were wide pape ny Ser mage en stones of irregular 
sizes from a cubic foot down, were rammed into the con- 
erete, until the spaces would receive no more. Great care 
was alw ee ee and to wet the 
faces of stone. The joints were dug out to a depth 
of 14 in. and pointed with pure cement mortar ; 
of about ¢ in. projection being put on with 

ing has never cracked, when done too late 








. | of pressures, resulting 





analysis cml of tan Gcenh, Seed teeaees et ey 
was , &e., in 
the arches under the various conditions of load to which 
they would be subjected. This showed that the centre line 
from the pier only, intersected 


the bases of the outer shafts at the roadway, at about one- 


. | third of their thickness from the outer faces; and that with 


the wey ——_ the intersection at this plane was 
— Net wa ical lines through the centre of gravity of 

e 8 . 

The deflection of the centre span of the cavies is about 
128 ft., and of the lan 
sultant of pressures from the cables falls in each pier 
sy towards the river side of the centre line. 

. Irons inserted in the Masonry.—To provide against 
possible changes of form, or accident during construction of 
the arches, the oars precautions were taken : 

At the top of the third voussoirs, four heavy irons were 
anchored into the masonry on each side of each arch, to 
which 3-in. round iron rods i the arches were 
attached. Each rod was provided with a turn-buckle for 
tightening. Aside from serving to stiffen the arches, these 
rods served a very convenient purpose, as supports for 
— while removing the eentres and pointing the 
joints. 

Permanent strengthening bars were inserted in both the 
first and second courses over the arches ; there being in all 
six bars, 5 in. by 1} in., over each arch, anchored well into 
the shafts on either side. 

Experience has shown the necessity of another precaution 
to obviate the evil effects of the unequal distribution of 
pressure over the base of the masonry. By simple inspec- 
tion it will be seen that the pressure square foot at the 
base of the connecting walls is less than half of that‘at the 
base of the shafts.* Hence there would be a to- 
wards less compression and settlement under the connecting 
walls, and a consequent bulging upward at the roadway, 
causing vertical cracks in the connecting walls. This 
actually occurred to a limited extent in the Cincinnati 
bridge. To obviate this tendency, bars were inserted in 
top of the fourth, fifth, and sixth courses below the road- 
way, in all 16 bars, 5 in. by 14 in., long enough to anchor 
into the shafts. In addition, the stones of ‘the connecting 
wall for several courses were clamped together by 1} in. 
round iron clamps. 

Three sets of.2 in. by 10 in. steel bars were inserted at 
each side of the pier, at the roadway, to serve as attach- 
ments for the under floor storm cables. 

A set of flat iron bars were inserted at 20 ft. below the 
roadway, as —y oe points for holding down stays. . 

Twenty bars, 5in. by l}in., ing entirely across the 
tower, were inserted in the top of the second course below 
the saddle plates; and in the course below this, sixteen 
other bars, 5in. by 1jin. The ends of these bars serve as 
attaching points for a portion of the long stays to the river 
and land spans of the roadway. 

Small irons were inserted at frequent intervals to serve 
as attaching points for scaffolding, stairway, &. 

On each pier, on specially prepared beds, four saddle 
plates, each 8 ft. by 16ft., and weighing 11 tons each. 

All irons were thoroughly galvanised before insertion. 
The saddles and plates were thoroughly coated with boiled 
linseed oil. 

10. History.—The contract for the Brooklyn caisson was 


let October 25, 1869, and work upon it soon after- 
ward. With the exception of surveys and 0: work, this 
was the first work done upon the bridge. 


and other inaccuracies, rendered 
it necessary to make a complete survey of the various 
streets, lots, and buildings on the line of the work; and 
it may be of interest to state that a line 6000 ft. long, and 
300 ft. to 500 ft. wide, required four months’ time for the 
completion of the survey. 

The first ground was Teshen on the site of the Brooklyn 
pier, January 2, 1870. 

he Brooklyn caisson was launched March 19, put in 

place May 2, and the first stone set June 15, 1870 ; the 
interim between launching and stone setting being occupied 
by putting on ten courses of timber, and various p 
ratory work. Work on the masonry stepped at an ulti- 
mate height of Gin. above tide, December 10, 1870.¢ B 
March 11, 1871, the chambers of the caisson were fill 
iy ae being at the average rate of about 50 yards 


per day. 
It is worth while to note here that the balance of te 
sure against the caisson twhile lowering, was decidedly 
towards the river; and this resulted in a movement out- 
ward of the whole , or nearly 2 ft., during the descent: 
As this had been anticipated, the base of the ———s 
made abundantly large, the position was readily correc 
“Marchi 1871, the inving’ of ‘the masonry 
arc 2 > 

beqam j closing December 29, at 43 ft. below the 
and 57 ft. abovertide. ib 17, 
sumed ; closi 


and. 144 ft. above tide. 
again begun 


The diversity of stan 





wana = meant, the 
masonry, from 
of what 


+ The caisson did not reach its lowest point antil 
cember 22, 1870. 


5 


d spans about 187 ft., and the re- | proceeded 


ment. 

The contract for the New York caisson was let Sep- 
tember 6, 1870; and it was launched May 8 following. 
September 11, 1871, it was put im place; the 17 extra 
courses of timber (and concrete spaces) were men ay 
between time of launching and October 31, on which day 
the first stone was laid. 

Stone laying, with the exception of a few very cold days, 
was continued all winter. This was necessary, in order to 
give sufficient weight to sink the caisson as the excavation 
a RA _ 1872, the caisson = reached a =~ 
re place, an g in ogg @ masonry being a’ 
this date about 2ft. above ti The chambers were all 
filled by July 22. Although this time is shorter than that 
oecupied in Brook » the spaces to be filled were propor- 
tionately less. masonry was stopped December 7 
1872, at 60 ft. above tide ; begun again April 1, 1873, and 
stopped November 22 at 6 ft. above way, or 126 ft. 
above tide ; m again June 22, 1874, and stopped De- 
cember 12 at ft. above tide; — again April 29, 
1875, and stopped November 27 at 243 ft. above tide ; — 
again April 10, 1876, and was finished, so far as possible, 
until after cable making, by the middle of July, or al- 
together in about five years and ten months. 

elays have attended this structure the same as the 
other. The final results show, that under all ordinary 
circumstances, about five years must be allowed for the 
erection of such a structure. 
(To be continued.) 








ON THE DIRECT PROCESS OF MAKING 
WROUGHT IRON AND STEEL*. 
By Cuas. M. Du Poy, C.E. 

Ir is scarcely necessary, at this late day, and before this 
Institute, to explain the difference between the “direct” 
and the “ indirect’’ methods of producing iron that can be 
forged. Suffice to say that by the primitive “ direct” 
method, 400 Ib. or 500 Ib. of ore, mingled with charcoal, are 
subjected to the action of blastfor three or four hours, 
when it becomes imperfectly matted together, and is trans- 
ferred to the hammer ; where its earthy impurities, being 
melted, are removed by pressure. This process secures a 
high grade of iron, at the cost of about 300 bushels of char- 
coal and great waste of ore to the ton of iron. 

The “indirect” method treats masses of ore, 
carbon, and fluxes in the blast furnace. xidisation takes 
place early in the first stage, but afterwards under the 
action of a powerful blast the metal and metalloids are all 
mingled, and 3 to 5per cent. of carbon is incorporated. 
The earthy impurities are then mainly separated by s c 
gravity and tap; off, still the pig iron may be said to be 
a compound of iron, carbon, silica and other substances 
which require a second melting, and laborious manipulation, 
to purify the metal for forging or rolling. z 

To improve and cheapen iron by the ‘‘ direct’’ method, 
has occupied the attention, and baffled the efforts, of many 
earnest men for three-quarters of a century. The devices 
have been numerous. In 1791, Samuel Lucas patented a 

rocess for reducing ores with carbon in air-tight pots. In 
1794, Mushet f iron which he had carefully reduced, 
away from the atmosphere, and brought to the pasty state 
in a crucible. Others, later, passed over the same ground, 
for the superiority of the metal when reduced and welded, 
uncontaminated by the oxygen of the blast, or furnace 
gases, had been observed, and stimulated to further effort. 

The reduction of ores in crude clay pots, it is likely, has 
been known to the people of Asia for a thousand years, if 
indeed it was not ont contemporary with the earliest 
manufacture of iron, for it would seem to be one of the 
simplest ways of producing metal in small quantities and of 
superior quality. While ordinary Wootz was usually made 
first into iron in small blast furnaces with light pressure, 
and then melted again in small , it is not unlikely that 
the famous ee —— of ‘ ee o_ cele 4 
scimitars descri exander Burnes in 
Cabool—where one was shown him that was valued at 5000 
rupees—were the product of ore first deoxidised and- im- 
perfectly welded or matted together in cradely made clay 
pots, and then, after being hammered, again melted into a 
a more superior Wootz in other clay pots. 

A fresh pot, however, for every operation, even of the 
rudest cheapest manufacture, was of course too expen- 
sive for any very ¢ ed use, and a half century . 

vices to be suggested in which the ore could 
deoxidised in a close vessel, and then emptied into a balling 
hearth, and so the vessel be used over and over oe To 
that end, the files of our own Patent Office, and those, of 


Europe, exhibit a variety of inventions and B germ 
vi 


dating up to the present time, but they may be 
into : 
om Chene.svtenia or crucibles of various shapes and sizes, 
heated from rey ‘Lee being substantially the “‘ air-tight 
oe cas. ; 

2. Tables of refractory material, heated from above and 
below, on which the ore and carbon were placed and stirred, 
and finally transferred to a balling hearth 


3. Revolving cylinders containing ore and ¢arbon, and 

heated from the outside, or within. _ 

In the first two classes, deoxidisation was supposed to be 

mplished in the first and the 
second furnace, but in the last class, 


rotary cylinder, the 
into the inside of the eylinde, 


*A read as the meeting of the Franklin Institute, 
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metal in the pasty state may be divided into balls, for 
removal to the hammer, 

Many years since, being onvinced by a long series of 
experiments that iron reduced from ore in close pots, and 
out of reach of external oxidising influences, was of superior 
quality, I tested many devices for placing this mode 
parce Fath, on a practical working scale. 

In the course of these experiments I found that ore and 
carbon are such perfect non-conductors, that the highest 
heat penetrates from the outside very slowly through a 
thickness of about 3 in. of this substance, and that to add 
2in. or 3in. thickness of crucible or containing vessel, 
practically defeats complete reduction in a sufficiently 
speedy time to be successful, and has been the main cause 
of the failure of this class of inventions. 

Although the authorities generally give us the ‘‘ cherry 
red’’ and the ‘‘ bright cherry red’’ heats as the best con- 
dition for deoxidisation of iron ores, yet I have found these 
heats wholly unfitted for complete reduction, in such periods 
of time and at such cost, as to make the manufacture 
commercially profitable. A thorough reduction of any 
considerable mass of iron ore, with heat penetrating from 
the outside, in the space of five or six hours, is so closely 
allied to a white welding heat, that is seems impossible to 
separate it; and to deoxidise ore only 24 in. to 3in. in 


thickness, within that time, I find most profitable to drive | f 


the furnace up gradually to a high welding heat, at which, 
finally, itis penetrated through ;and Se ee into 
the pasty state, and settling down into a metallic mass, in- 
terspersed with liquid slag. 

Now acrucible or pot of any refractory material suffi- 
cient to withstand a heat from the outside that would bring 
the 24 in. of ore to iron in the pasty state, in any con- 
siderable quantity for but a very few operations, would be 
costly at first, and costly in frequent renewals. Beside 
this, any material of which it might be composed, would 
soften at the pasty state of the iron, and become more or 
less incorporated with the metal in the difficult operation of 
withdrawing it, and so the iron would be seriously de- 
teriorated. 

To secure the advantages of the “‘ close pot,’’ it became 
evident that some substance should compose it that should 
withstand the high welding heat, and be homogeneous with 
the metal, and, finally, when its work was done, and the ore 
changed to metal, would weld up with it. 

In this dilemma, after testi various materials, I 
conceived the idea of using thin sheet iron as an encase- 
ment, or canister, having found by experiment that it 
would resist a high heat for severalhours. These sheet iron 
vessels, filled with ore and carbon, during several years, 
were tried, of all sizes and shapes, and in almost every con- 
ceivable furnace. It was found that superior iron could be 
produced in these canisters in seven or eight hours, but the 
yield was unsatisfactory when over 5 in. in thickness, 
owing to a failure of thorough reduction, and of that 
diameter, the cost for sheet iron was too large in pro- 
portion to the iron obtained. 

Still believing that the process could be made practical, 
and the metal be produced in from four to six hours at a 
low cost, the canisters were pi ona coke bottom, in a 
reverberatory furnace, which was driven with blast, to pro- 
duce an outward pressure—although the coke kept the 
bottoms heated, which otherwise would have become 
chilled, yet it was found impossible to increase the size of 
the canisters, as the heat would not penetrate more than 
5in. in thickness to reduce and consolidate the ore to 
metal, in a reasonable economical period of time. 

Finally, the canisters were le disc shape, that is to 
say, a cylinder of 6 in. in diameter was p inside of 
one about 16 in. in diameter, and a bottom being provided 
between them, the ore and carbon were filled within the 
annular space, leaving the space within the smaller 
cylinder open, thus making a ring of the ore mixture, so 
that when the canisters were placed on endin the furnace, 
on the coke bottom, the heat could penetrate from the 
inside as well as the outer surfaces. By this arrangement 
these cylinders can be 2 ft. or 3 ft. high and yet all the 
ore can be penetrated with heat travelling not more than 


23 in. 

Although this improvement was found highly ad- 
vantageous for rapid reduction, yet it was not fully satis- 
factory, owing to the oxidising gases of the furnace, 
which still wasted metal by reoxidisation ; for I would re- 
mark here, that however perfect it is possible to e @ re- 
ducing heat, in a reverberatory furnace, still the combustion 
necessary to produce a high heat is more or less oxidising 
to the ore in its sensitive transition condition to metal. 

As itis estimated that every pound of silica ordinarily 
carries with it about 3 lb. of iron, it occurred to me, to 
create for the silica a greater affinity than it has for the 
metal, by mingling alkalies, and to so proportion them, 
that the glass thereby produced by not combining with it, 
should not only save the iron, but that it should be further 
utilised by forming particles of glazing or bing eens | ma- 
terial, covering the little particles of metal az formed, and 
thus protect them from Seonaes semaines. This ste 

roved effective. Now the alkalies in quantity, and kind, 
aving been determined by an analysis of the ore, they are 
mingled tenet it olons bid the “x and are all pul- 
verised er, by being thrown, in the proper - 
tion, into an ordinary Chilian mill, such as is on in 


Western rolling mills for grinding the “ fix,”’ and from 
thence shovelled at once into the canisters, and charged 
into the furnace. 


The carbon for deoxidising may be either charcoal, or 
coke from washed bituminous or washed anthracite 
— The iron, with either kind of carbon, is thoroughly 


Pais mode of working must ultimately afford a market for 
pod ne ra pa authradtie eval @ now wasted in our 
re 


gions. 
There are four ways of w: 


, and under the hammer and rolls, or in the steel | fron’ 
I have yet observed no difference in the product. | i 


1. If it is desired to make steel, the canisters, filled as 


described, are charged on end into the furnace on a layer 
of coke, a few inches in thickness, so as to allow the heat 
to penetrate from the bottom, as well as sides and top. 


They are usually placed 7in. or 8in. apart to secure a 


In the course of from five to seven hours, according to 
the strength of the heat, the ore will be reduced from its 
oxide and settle down into almost a solid metallic mass, so 


of | radiation of heat between them. 


firm as to be se and broken with great difficulty, 
even in its highly heated state in the furnace. In this 
solidified condition it is removed and hammered, or thrown 


into the squeezer and rolled to muck.bar, at this one first 
heat. It is then cut up, reheated and piled, with the usual 
loss of 8 to. 10 per cent. of ordi piled iron. This stock 
is then fitted for the steel pot, producing all grades of steel, 
up to the highest, without mixing with other stock, but by 
simply varying the carbon. 

2. The caked metal may, if preferred, be taken in its 
heated state to the Siemens open hearth, or other highly 
heated furnace, and there quickly melted with or without 
the usual carbonising bath of pig and spiegel. In the 
condition of white heat, in which it is into 
this last furnace, it is admirably adapted for a rapid con- 
ee to steel in large quantities, and at great economy of 

uel. 


8. The metal, when reduced, I have melted down in 
the same furnace and carbonised with pig iron. In operat- 
ing the entire process in one furnace, the product may be 
brought ont as either iron or steel at pleasure, by 
—_ ing the carbon introduced at or before the time of 
melting. 

If iron is required, as soon as the metal, hé®separated 
from its impurities, precipitated to the bottom and covered 
with slag, the operator at once rolls it up in balls and 
subjects it to the hammer or squeezer. No excessive labour 
is required in stirring the metal, as is required to decar- 
bonise pig iron, for metal been deoxidised without 
labour, simply by the chemical action of heat on the ma- 

rial ; and there is no excess of carbon to eliminate. It 
has also separated itself, in the liquid state, by specific 
gravity, from its metalloids al ther, without the aid of 

hysical labour. Finally, as it lies at the bottom of the 
urnace, it is incorporated with just sufficient carbon as is 
— by the operator to produce the grade of metal re- 


q i, 

I will remark here, that the iron produced by this pro- 
cess, in cakes of metal, is generally red short in its nature. 
It does not matter with how much carbon the ore may 
have been mingled, still it refuses to receive more 
carbon than to produce deoxidisation, until it is about to 
pass to the pasty state and is brought almost to a melting 
condition. 

This ‘‘ red short’’ tendency, as analysis proves, proceeds 
from the purity of the metal, not from an alloy of 
sulphur or other deleterious substances. ¥ 

lieving that the red short could be cured by alloy- 
ing red short and cold short, or phosphuretted ores 
together, I found, by a number of working tests, the — 
duct still red short. I then tried ores charged with phos- 
phorus alone, which, if worked alone in the old processes, 
would have given highly ‘‘ cold short’’ metal, but still my 
product was ‘‘ red short.’’ 

I then incorporated cast-iron roll turnings with the mix- 
ture, and found that the alloy of carbon with the metal, in 
the pastry state, and as it become melted, lessened in a very 
marked degree the red shortness under the hammer. After 
that I introduced pig iron at the melting stage, observing 
again the same marked improvement in the metal under 
the hammer. So that have finally come to the 
conclusion, by practical tests, that when the metal is 
aoe with sufficient carbon, the red shortness may be 
removed. 

Dr. Siemens, in his late address before the Iron and Steel 
Association, in their meeting at Newcastle, ascribes this 
‘* ved shortness” to “‘ slag shortness,’”’ as he terms it, 
because, on repeated pilings and reheating, this tendency is 

ually removed. My own experience is different. I 
ve not been able to remove the *‘ red short’’ by ted 
heating and piling, but find I can only remove it by alloying 
the metal with carbon. 
(To be continued.) 








FOREIGN AND COLONIAL NOTES. 

Destruction of a Viaduct.—The firm of Giffel, of Paris 
is constructing the Culera viaduct in Spain. The length of 
this viaduct is 633 ft. The sy are about 100 ft. apart, 
and 443 ft. of the ironwork had been erected when a 
violent gale precipitated the whole of it into the valley 
beneath. 

The Yan Yean Water Works.—The reproductive cha- 
racter of the Yan Yean Water Works is shown by the cash 
statement and balance-sheet for the year 1876-77, which 
has been presented to the Victorian Parliament. The re- 
venue received for the year amounted to 84,0071., of which 
80,5801. was from water rates. The amount dis on 
construction of works from their t - to 
June 30, 1877, was 1,382,5651. ; on maintenance, 55,5631. ; 
on di mental expenses, 121,3691.; and on sewerage, 
22,3141. The amount of revenue received to June 30, last 
year, was 1,265,6291., and the amount repaid to the Vieto- 
rian Treasury was 956,8271. 


Port Pirie.—A new 








ing this ; i 
is desired: * 


to the purpose for which the 


somewhat R 

notched or morticed below high-water mark, 
bolted h with one-inch iron bolts. 

The inner side of the wharf is close sheeted from end to 


end with 12 in. by 6 in. and jarrah—similar work 
carried in past the end of David-street, and returned 
up the side of the street to about high-water mark, thus, 


as it were, completely boxing in the w area and leaving 
it ready for flee in solid. Atthe end of David-street, a 
substantial set of steps has been fixed for public convenience. 
Tn round the amount of sheet-p actually done 
is on the w proper 720 ft., and at the side and end of 
David-street 210 ft. About 30 ft. back from the inner side 
of the wharf a row of piles has been driven 10 ft. into the 
ground, she main gis ro iene to a depth which will 
allow deepening to 20 ft. low water. The work was com- 
menced in January, 1877, when about half of it was let to 
Mr. Grant tor the lump sum of 39271. The authorities 
subsequently made use of a power they had reserved to 
order the extension and completion at schedule rates, and 
the balance of work thus done will cost about 33001. In- 
cluded in the contract was some 200 ft. of sheet-piling ai 

the railway jetty, and the addition of a- number of re, 
mediate main piles which cost about 8001. 


New French Maritime Canal.—Preliminary formalities 
are being carried through at Havre, for the construction of 
a maritime canal from that » joining the Seine at 
Tancarville, a point on the river about 60 miles below 
Rouen. By means of this canal the of the naviga- 
tion of the Lower Seine from fogs, shi sands, and the 
violence of the tidal wave, will be avoided. The canal will 
consist of a single section about 17 miles in length, the 
western outlet of which will be in the Eure Dock, at Havre. 
According to the re adopted, the canal will have a 
minimum breadth of 80ft., with a towing path 20 ft. wide 
on each bank. Plans have been adopted for increasing the 
depth of the channel of the Seine between Paris and Rouen 
to 10} ft. ; a minimum depth of 11 ft. 8 in, has, consequently, 
been fixed for the canal ; and as vre and leur 
it is to be accessible for brigs, schooners, and steam colliers, 
the depth in that portion will be increased to 15ft. The 
cost of the work is estimated at 840,0001., including all 
accessory works, the planting of the banks with trees, the 
construction of a branch 1666 ft. long, to connect the port 
of Harfleur with the canal, and a basin of 1666 ft. by 200 ft. 
at Havre. 

Steel Rails in the United States.—The Pennsylvania 
Railroad gery rum has let a contract for the supply of 
40,000 tons of s rails. 

The Suex Canal.—The revenue of the Suez Canal Com- 
pany in 1877 amounted to 1,310,4561. The co —_ 
revenue in 1876 was 1,198,9991. ; and in 1875, 1,1 4 
The com ’s revenue thus i ata more rapid rate 
in 1877 in 1876, notwithstanding that a reduction of 
5d. per ton was made in the tolls in April, 1877. 

American Railway Carriages.—Three railway carriages, 
ordered by the New South Wales Government from the 
United States, have arrived at Sydney, and are being put 
together at the Redfern Works. One of these carriages is 
a sleeping car, and as « tunnel and a bridge have been 
built too low for it, its height must be reduced by 18in. 


LiveRPooL ENGINEERING SoctEeTy.—This society held 
the first meeting of the present poe on Wednesday evening 
the 16th inst. at the Royal Insti , Colquitt-street, Mr. 
Robinson Souttar, t, in the chair. Mr. Graham 
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STEEL CASTINGS - Continued 8. 
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TIMBER, DEALS, &. 
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(Per Petersburg standard) £ 8. 
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THE CLAUSTHAL LEAD-SMELTING 
WORKS.—No. IX. 
By J. Ciarx Jerrerson, A.R.S.M., Wh. Sc. 
SMELTING FOR BLack CoppER—(concluded). 

Tue lead containing silver, which is intended for 
subsequent cupellation, is cast in dish- 
moulds. After the bed of the cupellation furnace 
has been prepared, and before the fire is lit or the 
cover of the furnace put on, these pigs of lead 
(about 8 tons) are piled against the upper edge of 
that of the furnace nearest the flue, and not on 
the bottom of the bed, for the twofold reason of 
allowing the bed to dry properly before the molten 
lead flows down on to it, and any great weight piled 
on one part of the bed whilst in a semi-plastic con- 


Figq. 7. 


been melted. At the commencement, as the melting 
proceeds, the surface of the molten lead — > 
gradually increasing scoriaceous appearance, the 
scum pony series’ bile at first pss semi-fluid. 
After the furnace has attained its full heat, and 
soon after the whole of the lead is melted, the 
scoriaceous surface becomes more liquid in its cha- 
racter. This scum is then drawn off over the 
breast of the furnace, and has received the name of 
“‘ abzug” (literally, something drawn off), The melt- 
ing of the lead and the formation of the abzug will 
occupy from two to three hours, according to the 
amount of impurities in the lead. The abzug consists 
of oxide of i and metallic lead with varying 
quantities of oxides of iron, zinc, copper, antimony, 





and arsenious acid; it varies in colour from nearly 






























































SS AN 


“¥ SSN CAR See : : 
























































urities are carried off, the surface of the bath 
Sasenes more liquid, antimony y being -the 
last impurity removed, Tow the end of the 
formation of the abstrich, and as pure litharge 
begins to be formed, the pressure and temperature 
are again lowered, a loss of lead and silver 
due to volatilisation take place. Care must 
be taken, however, not to allow the temperature to 
become too low, else the is prolonged unneces- 
sarily, and a waste of fuel occasioned ; besides, if the 
litharge is not sufficiently fluid, part of the silver 
will be carried over in an oxidised state with the 
litharge. The litharge forms a border round, and 
covering the circumference of the bath of molten 
lead ; the breadth of this border will depend on the 
rapidity with which the litharge is formed, and on 


Fi 9. 2. 
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dition and before being thoroughly dried would 
be liable to disfi, the of the bed, form- 
ing indentations in it; besides, if the pigs were spread 
over the whole of the bed before it was thoroughly 
dried, when the fire was lit portions of the bed would 
be exposed to the heat of the fire, whilst others would 
be screened by the circular saucer-sha pigs of 
lead, and thus lead to an unequal rate of drying, and 
consequent liability to great cracks being formed all 
over the bed. Wood is the fuel used; this consists 
of the shorter branches of fir trees, tied in bundles 
40 in. long and 30 in. in circumference. The surface 
of the molten metal can be better observed than 

among the smoke arising from a coal fire. 
After the fire is lit, the thin edges of the pigs first 
begin to melt, and the lead flows down into the 
of the pigs have 


centre of the bed until the whole 





black to a oe | yellow or greenish yellow, After 
the withdrawal of the abzug the temperature is 
raised, and the blast turned on, when a second scum 
is formed, and the oxidation of the lead, which was 
only partial during the formation of the abzug, com- 
— Ee hon os eo more Rs the metallic im- 
puri only partly effected by the withdrawal of 
the the metallic impurities still left rise to 
oaidined Tead i rama . ch" 

xi an impure called “ abstrich” 
(literally, meee ge skimmed oft) according to the 
varying amounts of impurities in the its 
colour varies from black 
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contrary, the furrow is too deep, the litharge runs 


off too quickly, the litharge border becomes narrow, | 


tate the oxidation of the impurities, the molten mass 


and the surface of molten lead exposed to the blast 
at ne that only part of the lead becomes oxidised, 
as 


afterwards absorbed on coming to the edge of the 
test by the marl bottom, or skimmed off. To facili- 


is occasionally stirred. The occupies from 


the temperature at which litharge melts is at | 10 to 12 hours, the resulting fine silver containing 


least three times as great as that at which lead 
volatilises, a great loss of lead due to volatilisation 
takes , and this loss is further increased b 
t 
+ vay the furrow is too deep, involving also a loss of 
silver ; for the lead resulting from the reduction of 
the litharge is too poor in silver to be again treated 
for the extraction of silver. Besides, as the cupella- 
tion proceeds, the molten lead becomes richer in 
silver, and all the more attention should be paid 
during the latter part of the operation, since it is 


then that with too deep a furrow, and a consequent | 
overflow of metallic lead, that the loss of silver will | 


. } 
eb ar prebanpee yoy meal speaney typ sce mine without danger of choking the shaft. 


of the lead lowers, and the furrow must be deepened 
to correspond, 

The formation of litharge proceeds for from 20 to 
24 hours. Towards the end of the process the tem- 
— is increased to keep the silver sufficiently 

_ and as the surface of the metal is then con- 
Bi erably less, less air is required, and the pressure 
of the blast is, therefore, diminished. When the 
litharge formed is not sufficient to cover the circum- 
ference of the bath, it splits up first into a network, 
and afterwards into separate globules, immediately 
after which the blast is shut off. Whilst the silver 
is in a molten state, two cross bars of iron about 
hy thick and 9 in. deep, and fastened by a hook in 

e centre, are inserted in the metal, water is then 
thrown on till the metaliscold. By inserting these 
cross bars the cake of silver is divided into four parts, 
and is more readily broken after being withdrawn 
from the furnace. 


y 
the lead running out along with the litharge | 





As the furnace bed absorbs a large quantity of 
li e it is broken up, and after being stamped is 
through the schlieg furnaces. The cake of 
*blicksilber” obtained usually contains from 94 to | 
96 per cent. of pure silver, the remainder consisting | 
chiefly of lead with varying quantities of copper, 
nickel, bismuth, and antimony. It is not desirable 
to push the operation so far as to obtain pure silver, 
since it would then ae agp hy keep “?P ord 
temperature comparatively high, and a great loss o 
silver by volatiligation takes ~ ey It is, therefore, 
found more economical to refine the silver in a) 
separate smaller furnace more suited to the amount | 
of metal to be operated upon, and in which better | 
arrangements can be made to lessen the loss by | 
volatilisation, &c. 
The “ blicksilber” produced at Clausthal is refined 
at Lautenthal in reverberatory furnaces with a fixed 
hearth, and, on account of the impurities contained, 
by the aid of blast. Figs, 1 to 5 on the preceding 
represent the refining furnace at Lautenthal | 
in front and side elevation, and in longitudinal, 
cross, and horizontal section. In these drawings 
@ represents the hearth of the furnace of firebrick. 
»” the slag filling stamped down on. 
”» a cast-iron plate supporting the hearth of 
ann om 
” the dredoor, 
- the bridge of the furnace. 
pa an open channel for ing the bridge cool. 
% a cross drain beneath the furnace. 
»” tie bars. 
9 tie standards. 
»» a movable cover of firebrick bound with 


o the flue leading to 
» the chimney. 
99 the working door (furnace to effect re- 
{= rn on be 
90 an 0 D whic mittance can 
»” ° in ork ior inse: 
“the blast pipes. ati 
r 89 the blast ; 
s ” a blast pipe to supply air to the fire. 
Upon the hearth of firebrick a laye> of marl is 
. The hearth is about 4 ft. 6 in. long, 3 ft. 
wide, and 4 in, deep in the centre. The blast pipes 
are situated on both sides of the furnace, and at 
such an angle as to cause the two air currents to 
meet in the centre line of the hearth, at a distance 
of about 18 in. from the end of the hearth nearest 
the fire bridge. About a ton of “ blicksilber” is 
melted under a covering of charcoal and wood, air 
being excluded as much as possible till the whole is 
melted, The blast is then turned on at a low pres- 
sure. The lead and other impurities still i 
_ ise to the surface, and are oxidised, forming fat- | 
like spots on the surface of the silver, and these are 


~rwepa%ea, oo 


ozs 


em 











98.5 per cent, to 99.5 per cent. of pure silver. 








HYDRAULIC MINING IN CALIFORNIA. 
T. E@ueston, Ph. D. 
Concluded from page 21). 
ORKIN G— (concluded). 


When everything is ready for working, some of 


| the upper timbers of the shaft are removed, and the 
| water and dirt (which may or may not have to be 


loosened by hand) are run intoit in large quantities, 
but not in such a way as to choke the shaft, The 
ground around the t is shaped to a terrace or 
incline, so as to secure the future working of = 

e 
ground must be shaped as rapidly as possible, so as 
to admit of the use of the nozzle. A great deal 
depends upon this preliminary opening. If it is 
judiciously executed, no further trouble than that 
which would arise from ordinary accidents need be 
apprehended ; but if carelessly done, the future of 

e claim may be compromised from the start. It 
does not take long to work out a sufficient area 
around the shaft to admit of the nozzle being used, 
more especially when the banks are at @ little 
distance, and the gravel is brought down in 
sluices. 

To cut down a bank, if the works are large, one pipe 
is kept playing on the under part of it at an obtuse 
angle, and another one at about the same angle on 
the opposite side, When the dirt is stiff and does not 
fall readily, a third is used to wash away the débris, 


but under ordinary circumstances two are sufficient. | j 


When the claim is small and the bank caves readily, 
one pipe does the cutting, and the other washes the 
débris away. When first thrown upon the bank the 
water spatters in every direction, then the stream 
buries itself in it, and spurts out from the sides, 
and little by little the hole grows larger in front, 
and the depth increases until the bank is under- 
mined in the shape of an arched cavity of variable 
depth, ge on the compactness of the gravel 
in the bank. The miner knows from experience just 
how deep to make the cavity. The nozzle is then 
moved, another arch is formed, and so on, and 
when several have been made the walls between 
them are broken down and the bank caves, The 
caved material is then washed into the shaft con- 


necting with the sluice boxes, care er taken to 


render the flow as uniform as possible. the large 
material left behind which cannot be carried off by 
the stream is broken up with the hammer, or if too 
large, blasted with powder. Material not worth 
moving must be deposited where it is to remain, so 
that it will not be a source of expense. To work 
economically on a large scale the openings should be 
so arranged as to work two or three, or perhaps more 
nozzles in the same general direction. A single dis- 
tributor can supply several nozzles which will work 
to within 180 ft. or 200 ft. of each other, accordin 
to the pressure of the water. At North Bloomfiel 
the nozzle is 6 in. in diameter, with 240 ft. head, 
The feed-pipe is 1200 ft. long and 40 in. in diameter. 
The pressure in the pipe is 108 lb. to the square 
inch, and at the nozzle 105 lb. to the square inch. 
The nozzle discharges 1300 miners’ inches, or 
4,212,000 cubic feet of water in 24 hours. 

Directly from the front of the work a sluice 
should lead away to the tunnel carrying the gravel 
with it. 

When the workings are very large, and several 
nozzles are being used at once, it will be necessary 
to cut a number of channels in the rock, or to con- 
struct sluices to the material towards the 
shaft in given directions, so that the whole of the 
und shall not be inaccessible, but in most claims 
is not necessary. The ground is worked in the 
shape of a funnel whose centre is the shaft connect- 
ing with the tunnel sluices, into which one or two 
surface sluices lead. In the subsequent workings 
the shaft may become entirely washed out, so that 
the whole working will be one huge funnel with its 
opening at the head of the main tunnel. 

The face of the bank must always be kept 
square, as work can be carried on more rapidly 
in this way at less expense. If the banks are 
allowed to get concave, the men will very soon 
be under them, and wi eae gee be inav 
dangerous position, If the should cave sud- 
denly they would have but litiie chance of escape, 





and they would at all times be liable to be caught in 
an unexpected run, The higher the banks the 
greater the danger, and hence it is the practice of 
the most skilful miners to divide the banks into 
benches, so as to keep them within a minimum of 
between 125 ft. and 150 ft. I saw, however, at 
Smartsville single benches over 200 ft. high, but 
such banks are very dangerous. 

When a cave is about to occur it always gives 
warning ; the water should then be turned off. The 
dirt will not run so far as to endanger the men if 
this is done, and only the boulders, which can be 
seen and avoided, will run. If the water was 
allowed to play upon the falling mass, the dirt 
would also run, and the men would have difficulty 
in avoiding it. - Many serious accidents and loss of 
life have occurred from want of care in this respect. 
It is generally best to effect caves before night, so 
as to have plenty of time to remedy any accident 
before the next day’s work. In very large claims 
they work at night to clean up the cave, but in 
small ones, a night shift is not usual unless the pay 
is unusually rich, and then the work is contianst’s as 
much to prevent clean-ups as to get the pay in a 
shorter time. Arrangements should always be made 
to cut the water off instantly from any part of the 
works, q 

The boulders which are found in washing, if 
small, are carried off through the main sluice, and 
are dis of by the grizzly; larger boulders are 
treated in different ways. A dangerous method 
which is used sometimes for very large ones, is to 
| pasar undermine them, and allow them to roll. 

saw at Smartsville a boulder over 6 ft. in diameter, 
which had been moved several thousand feet forward 
from a height of 250 ft. in this way. This is neces- 
pepe Frag ome though in most cases the direction 
in which the boulder is to roll can be easily secured. 
Those of very large size are sometimes moved by a 
derrick. This is of very simple construction ; the 
mast is usually about 100 ft. high, the boom 90 ft. ; 
the former isset in an iron sill and supported by guys. 
Once set up this derrick can be readily moved 
without being taken to pieces. It is erected only in 
places where large numbers of heavy boulders are 
likely to occur. ose weighing 11 tons have been 
moved by it; but if of larger size they must be 
blasted. 

The power which is employed to move the cranes, 
and often for stamps, diamond drills, and other 
purposes, is known as hurdy-gurdy wheels. They 
consist of two general types. In the first of these, 
the rim of the wheel is made of wood, and to it 
brackets 4in. wide and 1 ft. apart, are attached. 
These brackets are of cast iron, and are very nearly 
square. The other type is a bucket wheel, which is 
thade of wood, having sides 5 in. in width, between 
which buckets of sheet-iron are fastened 1 ft. apart 
and 4 in. deep at their opening, and slightly curved. 
The wheels vary in diameter from 3 ft. to 25 ft, 
The water is brought to them by means of pipes 
which strike the buckets at a tangent. The pres- 
sure of water varies from 250 ft. to 350ft., and is 
brought by pipe 18 in. in. diameter. They make 
from 50 to 100 turns per minute. When they are 
small they are sometimes placed horizontally ; when 
they are large they are placed vertically in a box, 
the bottom of which is open to allow of the esca) 
of the water. These wheels are exceedingly simple 
in construction, but as they move very rapidly there 
is a great loss of power from the air which is carried 
in with them. They vary from 10 to 50 theoretical 
horse power, but do not yield more than 30 to 40 per 
cent, Booth and Co., of San Francisco, have given 
the following Table of theoretical horse power of 

















the miners’ inch : 
100 | 90} 80 | 70] 604 50 | 40 
Heads in feet ... om { 2 2 6 = 5 3 |< 
. 4. 64 | 5.41 | 6.50 
Inches to horse power) f 10's | 16 | 21.6 | 32.5 | 65. | 108. | 325. 





When the sluices are new or recently set, it is 
necessary to wash for a day or two with a full head 
of water on a light gravel, but without quicksilver, 
in order to fill the greater part of the interstices be- 
tween the riffles and pavings, so that the mercury 
when added shall not sink so low that the gold will 
not reach it. After the openings are filled, the 
supply of water is diminished, and from 500 lb. to 
600 lb. of quicksilver added for a sluice 5000 ft. 
long. The upper parts are charged more liberally 
than the lower, as the quicksilver is always carried 
down stream, It is scattered from iron pares 4 
pots made for the purpose, or poured from a v 
the fingers being sinsed on the spout in such a way 
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as to make several streams, and to break up the} Mr. Sauvage cites the expense and profit of various | working deep placers and low grade gravels on a 
mercury as it falls into the sluice into little globules, | mines previous to 1874 as follows: scale, SB 

It is not added all at once, but little by little during he loss in quicksilver depends upon the vel the 
several days, until it is distinctly seen in the riffles Cost per Cubic | Yield per Cubic | Of the current, the character of the gravel, the 
and pavements. In some claims it is the practice nies Yard. Yard. length of the sluices, and the time they are arin 
to diminish the quantity of mercury progressively ~ The longer the sluice the more carefully it is watch 
during the last weeks of the run. There does not Roach Hill — ay and the greater the number of undercurrents, the 
seem to be any good reason for this; the best| pio dson 3 15 less the loss. It is, however, very variable, and 
practice is to carefully watch the sluices, and add,|Jowas Hill ... 2.5 71 may vary from single to more than double, oe 
up to the last day, the mercury which seems to be | Independence 2 25 upon various causes. It has been known to f 
necessary, The sluices are generally looked after | Wisconsin ... 2 12.5 below 10 per cent., and to reach as high as 25 pe 


once or twice a day during the run, and the mercury 
added as there is occasion for it, About 100 lb. per 
day is ordinarily used, so that 100 flasks of 744 lb. 
each would last for a six months’ run. The quick- 
silver distilled from the amalgam collected in the 
upper part of the sluice boxes is always used at 
once. 

The time for running a claim is very variable. 
Some companies clean up every month, some every 
six weeks, some run two or three months, while 
others clean up but once in a season. 
being equal the less often a claim’ is ‘cleaned: the 
better. 

The quantity of gold contained in the gravel can 
only be approximated, as it can only be estimated 
after.a long run and clean up. It is impossible to 
do anything more than estimate the amount of loss. 

The average cost per ounce of gold and silver 
produced during two years by the La Grange Com- 
pany is giver by Mr. Bowie as follows: 


Cost of a Troy Ounce of Metal. 


cents. 
Water ... 1.43 
Labour ... 6.85 
Material 1.81 
Officers ... ove ove 0.94 
Contingent expenses ... 0.26 
Taxes... oe amt siv'6 0.09 
Total cost of metal produced 11.38 
Cost per Cubic Yard Treated. 
cents. 
Water ... 0.008 
Labour ... 0.036 
Material ta ae Se 0.010 
Officers and contingent expenses ... 0.006 
Total cost of metal produced 0.060 


The average yield of the cubic yard was 0.1019 
dols. The average amount of gravel moved per 
miners’ inch was 1.48 cubic yards; the value of the 
ounce of metal in gold and silver was 19.29 dols. 
These items of expense are given for light pressure 
and small grades. 

For heavy pressure and 4 per cent, grade the 
average costs at the North Bloomfield Company’s 
mine during 1875-6 were: 

Cost of One Ounce of Metal. 


dols. 
Labour... cox - 3.93 
Blocks and lumber ... 0.50 
Explosive a 0.98 
Materials 0.88 
General expense 0.70 
Water ... id 2.09 


Total. ... sis oo - 9.08 
The value of the metal in gold and silver was 18.53 dols. 


The total expenses at North Bloomfield for 1875-6 
were : 


dols. 
Labour... 40,975.85 
Water ... 21,740.97 
Explosives... cos ae a 10,279.73 
Material and supplies ots we 9,249. 
General expenses... a bas 7,364.12 
Lumber a 5,212.62 





Total ... rer 94,823.25 

The loss in gold is undoubtedly large, but it 
would often cost more to save it than it would be 
worth. By far the largest quantity of the gold lost 
is fine gold, some of it rusty gold, some of it as small 
ieces attached to cement. Such pieces may be a 
ouble source of loss, for should they attract quick- 
silver they may increase in value, and still not 
become heavy enough to bé caught. A small pro- 
portion only is in comparatively large pieces. There 
is no difficulty whatever in catching the large pieces, 
as they amalgamate easily ; but a large part of the 
rusty and fine gold islost. This cannot be much less 
than 15 to 20 per cent. of the total yield. This is 
owing to the general fact that too much gravel is 
washed for the supply of water. The difficulty of 
saving fine gold in large sluices in rapid streams is 
very great, even where the number and surface of 


the undercurrents is very largely increased over and | ; 


Other things: 











After the first run of the mine in Smartsville the 
following results were obtained : 


Time of running the water... 40 ed 
Amount of gravel washed daily* 1500 cubic yards 
a water used —_ .. 750 miners’ inches 
Quantity of earth moved per 
miners’ inch and per day of , 
10 hours oss ove hee 2 cubic yards 
Quantity of earth moved per 4 
hour... Re on ove Oem yard 
Quantity of gold collected dailyt d 
Gemmaile of cole gold — vs 26,000 ,, 
y 0: per miners 
cae 
ity per cubi ty) ¥ A 
700,000 m ? inches were used, and 2,919,700 


4.17 cubic 


eubic yards of gravel moved, makin 
yield was 


yards per inch of water. The to 
192,735.73 dols. 

The total expenses of this company for 1871-2 
were : 


dols. 
Labour F sai : 20,500 
Water pen’ a on ive 9,700 
Materials used in construction .., 8,600 
General expenses ... es oa 6,200 
Total es nt 45,000 
Total amount of produced .., 54,000 
Profit ... wis . . 9,000 
If during this year the company had simply sold 
their water at the rate of 16 cents an for 


24 hours, they would have had a profit of 40,000 
dols. 

But fine gold can only be caught by diminishing 
the grade, and multiplying the number of under- 
currents, It is expensive to do this, and no matter 
how many there are, the last will always catch 
something. Diminishing the grade limits the 
quantity that can be worked ina given time. 
must be determined in every case what it will pay 
to save. At the present time it might not be econo- 
mical, desirable, or even possible to separate all the 
gold, as it would undoubtedly cost more than it would 
be worth after it was saved. 

It will generally be found more profitable to treat 
a maximum quantity at-a maximum loss, rather than 
a minimum quantity ata minimum loss. There isa 
large loss of gold in the first case, which, as a matter 
of political economy, it is shortsighted to lose, but 
if the loss was not made many of the mines would 
be closed. 

Most of the experiments made upon the workin 
of the tailings of hydraulic claims have resulte 
unsuccessfully in a commercial em of view. At 
Gardner's Point, for instance, all the tailings were 
caught and reworked to ascertain what the loss was, 
and resulted in catching not over 1 per cent. of the 
yield of the first washing. There are cases, how- 
ever, where the tailings have been successfull 
worked, At Slate Creek, in Sierra County, Cali- 
fornia, on one of the branches of the Yuba river, a 
deposit of tailings had accumulated for more than 
20 years to a depth ranging from 10 ft. to 60 ft. over 
an area varying from 100 ft. to 800ft. in width. 
These were, for the most part, the tailings from 
sluice working of shallow places, and of some 
veins, and contained a considerable quantity . of 
mercury. There is here free water sufficient, and 
several companies have worked successfully upon 
them. This must, however, be prey sire f as an 
exception. The tailings, though they enter the 
ago domain, are mostly too poor to be worked, 

t may be that with the concentration which nature 
effects, they may some time be worth working. 
There is no doubt but that in the future new 
methods will be devised for moré economic treat- 
ment, just as the necessity of the case caused the 
invention and perfection of hydraulic mining which 


was, up to that time, unknown. In the mean time, 
with all its defects, commercially ing, hydraulic 
mining must be regarded as the perfection of 





* A flow of one eubic foot per second will give 38 miners’ 





above what is the normal working in California. 


inches. ado fo8.4 203 Lae 
t+ The quantity of gold in 1874 was 800 dols. daily. 
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cent, The less carefully the sluices are wa’ 
and repaired, the longer and more rickety they are, 
the ter the loss, is loss is occasioned in 
by the flouring of the quicksilver from the co t 
grinding of the large boulders which are carried alo 
by the stream, the floured mercury being carried 
with the water into the tailings, sd ey by care- 
less handling. This floured quicksilver sometimes 
collects in spots in the tailings, so that shining 
lobules can, not unfrequently, be seen in the dump, 
hey will occasionally run together in quite larger 
quantities, and instances have been known where a 
number of pounds have been taken from a single 
pocket, Asa general thing, however, it does not 
collect, and now that the price merc has 
fallen to between 0.40 dols, and 0,45 dols., econom 
in its use does not seem to be a matter of so muc 
importance as it was in 1874-5, when it ruled 








from 1,50 dols. to 1.75 dols. d, 
Mr. Bowie gives the following Tables of the losses 
in quicksilver : 
Amount icksilver Lost by ‘the La Gra d North 
oneal rot Rath the year 1874-5. Be 
Miners’ | Lengtk | Loss of 
Name'of Claim. | Inches | of | Geiele P ic 
Used. | Sluice. | silver. 
La Grange Go.* | 396,972| i800 | 900 | 11 
Woodward Claim ...| 51,550| 600 | 217 | 25 
Hisenbeck  ,, -+-| 26,000 400 125 25. 

















Amount Lost during the Year 1875-6. 














: Miners’ ings Loss of P 
Name of Claim. | Inche o ick- acl 
Used. | Sluice. p onere Cent. 
ft. lb. 
La Grange Co. __...| 700,000 | 1800 2251 
Woodward Claim .,.| 30,000 600 123 
Eisenbeck _,, | 56,200 400 182 











* Hach inch giving 2230 cubic feet per 24 hours. 

A general clean-up does not usually take place 
more than once or twice a year, when the whole 
working is aren and all the material taken from 
the sluices, such as pavements, false sides, and riffle 
boards, is placed on the outside so as to be used 
again. Partial clean-ups- are made once or twice a 
month, especially in the upper part of the sluice. 

When the clean-up is to be made the sluices are 
gradually emptied, down to the riffles and :pave- 
ment, and these are removed, commencing with the 
upper ones. Riffles, are then placed across the sluice 
mereury is poured in to, collect the m, and the 
black sand and fine gravel are w down witha 
small stream of water. Theamalgam is seooped up 
and put into iron pails. Brooms, scrapers, knives, 
anything that will collect the amalgam, which may 
be caught in the crevices of the wood, or attached 
to any accidental projection of metal, are used. 
Very small particles of m or are often 
caught and finally held in the pores or small holes 
or cracks. in the wood. These are removed either 
with an old silver spoon, or a small piece of iron 
tipped with silyer, to which it will adhere, when it 
could not otherwise be removed. The practised eye 
of the miner will readily detect these small particles 
which an ordi observer would not notice. 
Generally at least 80 per cent. of gold is caught in 
the first 70 yards at the head of the sluice ; some- 
times as much as 90 percent. is found close to the 
head, The first undercurrent will generally catch 
about one-half of that caught by the undercurrents, 
and the second about one-third. These proportions 
will vary greatly, depending on the rieloase of the 
gravel, the size of the flume, and the vel of the. 
current, No matter how far removed last 
undercurrent may be, something will be t in 
it; the question where to stop depends on what it 
costs to catch the gold. If from heavy work.or, an. 





unexpected cave, any of the upper of the 
sluice is covered with gravel, the oi al becanaal 
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so much further down stream ; but it will eventually 
be caught or lost in the tailings, 

Mr. Bowie cites the case of the Cedar Point 
claims for 1874, as follows : 


Gold collected in the first 150 ft. of the dols. 
RNR Qasr tigeiae 
Gold collected in other parts of the sluice 11,000 


Amount collected in the undercurrents 3,000 


Total amount collectedin 100 days’ ran 68,000 
Yield of 1st undercurrent : 

796 ft. from head of sluice 1500 
Yield of 2nd undercurrent: 

874 ft. from head of sluice 1000 
Yield of 3rd undercurrent : 

965 ft. from head of sluice 500 

Total yield of undercurrents... st (See 
Asa protection against thieves, the sluices, which 


are worked at intervals, are either filled with gravel 
before turning off the water, and the gravel removed 
by hand from those sections only which are being 

leaned, or a stream of water is kept running 
through them to prevent others from cleaning up. 
This last is an expensive method except when the 
claim owns the water supply. In some cases, as at 
Smartsville, the sluices when empty are protected 
by armed sentinels, 

The amalgam which is collected is never pure. It 
contains beside gold some dirt and sand mechani- 
cally mixed with it, and a certain quantity of base 
metal from which it must be freed. Itis first broken 
into small pieces and washed with water, which is 
sometimes heated with steam to free the amalgam 
from dirt. A large excess of fresh mercury is then 
added thoroughly mixed with it, and allowed to 
settle. The gam containing the gold will for 
the most part go to the bottom, and that containing 
the base metals rise to the top. The upper part is 
carefully removed, and the lower part again washed, 
and strained through a conical canvas beg. or when 
the amount is small through leather. It is then 
treated with a mixture of one-third sulphuric acid and 
two-thirds water, and heated over a slow fire from 
half to three-fourths of an hour. 

The skimmings are treated with nitric acid to re- 
move the base metals, washed carefully with water, 
strained, and the amalgam added to the other. 
This amalgam is poorer than the first, but there is 
generally not enough of it to make it worth while to 








(For Description, see Page 62.) 


keep it separate. The is now ready to be 
retorted. This is done in a covered conical cast- 
iron vessel, Fig. 17, 8 in. in diameter above, and 





6in. below and 12 in deep, provided with trunnions 
on the outside so as to swing over the fire. This 
vessel is first carefully coated with a thin wash of 
clay and water to prevent the amalgam from stick- 
ing. The amalgam is very irregular in size, and is 
generally in the shape of small balls placed in the 
pot, The cover, which has a wrought-iron pipe 
cast in it, is fitted after the pot is filled, The cover 
is held to the pot by clamps, and is carefully luted. 
A condenser is adjusted to the cover pipe, and the 
vessel swung over a very hot fire; 20 minutes after 
the mercury ceases to ‘how the fire is drawn, and 
after the pot is cool enough the gold is taken out. 
It is of very variable fineness, depending of course 
on the gold in the claim. 

As all the buildings are of wood and conse- 
) likely to burn, and as there is always a 

esire more or less strong to clean up other peoples’ 
property, the supply of mercury is, at Smartsville, 
uried in the ground. 

The retorted gold is broken, in a crucible 
with borax, and fused in a hot c fire. It is 
then cast in a mould into;the shape of a brick, hence 
the name “gold bricks.” After cooling, the brick 





is stamped with the name of the company and the 
weight of the bar, and sent to be assayed. The 
assay value and the authority for it is stamped upon 
it, and it then finds its way into the market. 

In conclusion, I beg to express my thanks to the 
engineers of the companies who, during my visit 
to the works, gave me the necessary facilities for 
examining their methods in detail, and after my 
return such information as I required; and to ac- 
knowledge my indebtedness to papers by Messrs. 
Waldeyer and Bowie on this subject. 


THE PARIS EXHIBITION.—No. XIV. 
PLANTATIONS IN THE GROUNDS. 

Tue plantation of trees in the unds of the 
Champ de Mars and the Trocadéro forms no small 
portion of the ee expenses and labour con- 
nected with the Exhibition, as will be seen from the 
following summaries, which contain the full parti- 
culars of these plantations, and the conditions under 
which they po, wr made. The first Table contains 
the numbers and classes of trees to be planted : 

TABLE No. I. 











Class of Tree. Height. No. 
ft. in. ft. in. 

Acacias ... 29 6to39 6 25 
pa we 23 0,, 29 6 10 
Catalpa ... 23 0,,29 6 20 
- sis ia 16 6,,23 0 20 
Negundo and others 26 2,,32 9 30 
” ” 19 8,, 26 2 35 
Ash ene 19 8,,26 2 5 
Chestnaut ... 2 3,,32 9 50 
ie sei 19 8,, 26 2 60 
Paulownia 19 8,, 32 9 20 
Plantains... 32 9,,39 6 15 
“gg eee 23 0,,29 6 10 
Italian poplars ... 39 4., 52 6 20 
oe nae i 23 0,,39 9 20 
Swiss is 32 9,,49 2 10 
at a 26 2,,32 9 25 
Sophora ... 3 0,,29 6 5 
ipa 16 4;,23 0 10 
Willows ... 32 9,,39 4 20 
Lime $2 9,39 4 20 
9 a iat 19 8,, = : = 

Japanese trees ... $2 6,, 
‘a on 23 0, 32 9 10 
Total 480 
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The second Table (see next page) summarises the | meet their approval. To this end the contractor will| Tables No. IV. and V. contain summaries of the 
nature of work to be done in connexion with the | supply the engineer with yx agecnre | —— % ~" sizes, quantities, and cost of the trees supplied for 
plantations, and the conditions attached to the con- oe ous pa gee ~ tag — BaP ne Ng ial ~ the Champ de Mars and for the Trocadéro. : 
tract, and Table No. IIL. gives the prices determined | of the responsibilities incurred with reference to the| The total expenditure for trees and shrubs will 








on at which the various trees required will be fur- | maintenance, &c. amount to 4600/. for the grounds of the Exhibition. 
nished, 
TaBLE No. III.—Schedule of Prices at which Trees are TABLE No. IV.—CHamp DE Mars. 
Supplied. 
1. For each tree from 11.8 in. to 17.7 in. 
in circumference, 40 in. above the root, Se No. |Price. |Total. 
and belonging to'any one of the above- £ 77 £ £ 
6 Bk en ee ts ee 1| Supplying, transplanting, and maintenance of trees from 11 8in. to 17.7in. in cireamference...._ 100 |.2.8 | 280 
in circumference, 40 in. above the root 2.4 2 ” ” ” Prag oe pee in. ” 90 jv eee be 680 | 680 
3. For each tree from 24 in. to 35.4 in. in 3 ” ” *, . a bush. -& in. ” ” on 600 
circumference, 40 in. above the root ... 4 4 le Lak ” SHFUDS aD ORO ... ne on nd "imi cr 200 
4. For each tree of from 35.8 in. to 47.2 in. in 5 | Additional labour _.., oo oe ws oe us ‘ 
. F ageoer or yw in. = the =< a. © 2192 
- For each tree from 47.5in. to 63 in. in , P 
circumference, 40 in. above the root... 8.8 Add for contingencies... sos oe 206 
Norr.—The Administration has the right of inspecting Total a . | 2400 














the trees and shrubs to be supplied by the contractor, 
before they are removed, and to reject any which do not 
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62 ENGINEERING. 
TARLE No. IL.—Tuz Paris Exurpirion. Naturs or Work, ScHEDULE Priczs, AND CoNDITIONS. 
Unit of | Price per 
No. Class of Labour. Location of Work. Work. Unit. OBSERVATIONS. 
1 S cee one ++\Ohamp de Mars and) Per hour. 74. Notsz.—All the prices mentioned in this series 
nti meee Trocadéro. include delivery, -S = ag 4 

2 |Excavators plan soe ” ” ” penses, extras, octroi dui royalties, an 

3a | Vehicles for ye | the “ re Per day. | 108.104, | profits. They are open to modification, only 
—_ including man one under the conditions mentioned further on. 

38 | Ditto, two horses . © ” 16.88. |The contractor is required to furnish to the Ad- 
Ditto, three horses, » ” 1,21. ministration on the d d of the engineer, the 

workmen, vehicles, &c., uired for the work, 
to such extent as he may necessary. In 
all cases the Administration reserves the right 
to execute the works with its own labourers, 
without ref to the contractor, and without 
the latter having - claim for loss of profit. 
The workmen furnished by the contractor will 
be supplied with the necessary tools. 

4 |Transport, planting, and main-| _, * Per tree. 1.67, |The trees and shrubs will be furnished by the 
tepance of one tree of from contractor at the prices indicated, and must be 
11.8 in. to 17.7 in. in cirewm- strong and sound, with perfect roots and 
ference, 40 in. above the roots, and must sustain as little injury as possible in 
with a ball of earth from 30 in. transport. No branches must be wanting, and 
to 40 in. in diameter upon the the size of the head must be well proportioned 
latter. to the diameter of the trunk. They must be 

An extra price is allowed when| z 8s. taken from the ground with the least possible 

the tree is brought from be- disturbance of the roots, which must be pro- 
yond the Department of the tected with balls of earth of the size indicated 
Seine. for each tree. 

5 |Transport, ting,and main-| . 1.927. |Transportatien must also be effected with the 
oiaing sock tone tioos 18.11 in. . ara caution, to avoid breaking the ball of 
to 23.6 in. in circumference, earth around the roots. 

40 in. above the roots, and with The excavation both for removing and planting 
& ball around the latter 4 ft. to the trees will be at the charge of the contractor, 
5 ft, 2 in. on the latter. and must be so performed as to insure the even 
An extra price will be allowed @ in 9.6s. bedding of the roots. The holes for planting 
when the tree is taken from will vary in size with the dimension of the tree, 
beyond the Department of the and will be indicated by the engineer. The 
Seine. vegetable earth required will be furnished by 
the Administration at depéts in the Champ de 
Mars and Trocadéro, from which depdts the 
contractor will cart it to the points required at 
his own charge. The Administration will also 
furnish the water and materials necessary for 
watering the trees and shrubs, for which the 
contractor is responsible. 

6 |Transport, planting, and main-| _,, ” ” 2.81. |The contractor will be responsible upto the Ist 
tenance of each tree from of January, 1879, for the trees and shrubs he 
23.6 in. to 35.4 in, in circum- shall have transplanted, whether these have 
ference, 40 in, above the roots, been furnished by him or have been pur- 
and with a ball of about chased direct by the Administration, and he 
6 ft. 6 in. on the latter. will be compelled to water and maintain them 
An extra price will be allowed ” * % 12s. up to this date. The Administration purpose 
when the trees are taken from planting the following classes of trees: Red 
beyond the Department of the and white chestnuts, silver and Dutch limes, 
Seine. Japanese trees, sycamores, plane and negundo, 

poplars of all kinds, —— willows, paulow- 
nias, acacias, plantains,elms, &c. Theschedule 
of prices per unit will not vary whatever may 
be the number of each class ordered; this 
condition applies equally to furnishing and 
planting. 

7 |Transport, planting, and ” ® ” 4.81. |Items 4 to 9 referring to the transportation, 

tenance for each tree planting, &c., are equally applicable to every 
85.8 in. to 47.2 in. in cireum- nature of tree. 
ference, 40 in. above the roots, NoTE.—The extra prices allowed for trees taken 
and with a ball about 6 ft. 6 in. from beyond the Department of the Seine are 
in diameter around the latter. not applicable in such cases where the con- 
Extra when the tree is taken ” ” ” lés. tneter hes to furnish as well us to transplant. 
from beyond the Department They refer only to those trees belonging to 
of the Seine. the Administration, and only removed by the 

contractor. 
8 |Trans Janting, and e 61. 
— Pot each tree, 
from 35.9 in. to 68 in. in cir- 
cumference, 40 in, above the 
root, and with a ball of 94 in, 
diameter on the latter. 
Extra when the tree is taken os o ‘a 1.27, 
from beyond the Department 
of the Seine. 
Each box 

9 | Transport, planting, and main-| _,, ” 128. |Nore.—All small trees less than 11.8 in. in cir- 
tenance of bushes and shrubs, cumference 40in. above the roots will be reck- 
raised in boxes from 15.75 in oned in this category. 
to 23,5 in. in diameter. 

Ditto for each box from 23.5 in. - - 16s. 
to 35.5 in. in diameter. 
Extra allowed for each box, - in 3.38. 


irres: ~t S yb + 
and brought from cs) 6 
Department of the Seine. 




















TABLE No. V.—Tue TrocapEro. 








| No. |Price. ‘Total. 





” ” ” 
” ” 


ae wonr- 


Add for contingencies 
Total ... 





Supplying, transplanting, and maintenance of trees from 11.8in. to 17.7 in. in circumference | 60 
18.1 in. to 23.6 in. = os ee 

»» 24 in. to 35.4 in. am 9 
o shrubs and ; 


£ 
8 168 
32 | 259 
ose 80 | 408 
1395 


8s 
Ow bo 














CANADIAN RarLwars.—The Montreal, Ottawa, and Oc- 
cidental Railway is advertised to be leased by the Quebec 
Government. cempany has been formed to construct a 


rail from a point on the Canada Central Railway to | 
and thence to the eastern terminus of tho | 
way: 


Canadian Pacto Rail 





AMERICAN STEAMBOATS.—On the Western rivers of the 
United States during 1877, about 70 lives were lost, more 
than two-thirds of 
of steamers. 
5,330,000 dols., including 4,000,000 dols., however, by dis- 
asters by ice gorges, &c., on the Ohio. 


em by boiler explosions, and burning 
The loss of property is estimated at 


CENTRIFUGAL PUMPING ENGINE. 

We give on page 60 an engraving of one of a pair of 
direct-acting centrifugal pumping engines, lately con- 
structed by Messrs. Gwynne and Co., Hssex-street Works, 
London, each of these engines being capable of raising 
100 tons of water per minute, to an elevation of 17 ft. 
high. The engines are fitted with cylinders 27in. in 
diameter by 20,in. stroke, and work at the rate of 
100 revolutions per minute. The steam in the boiler is 
supplied at 75 lb. per square inch, cut off at about one- 
eighth of the stroke by adjustable expansion valves. The 
cylinders are steam-jacketted all round, the jackets 
being supplied with steam direct from boiler. Four 
smaller sets of similar pumps to that we illustrate were 
erected by Messrs. Gwynne and Co. last year, these 
smaller engines, according to contract, having to dis- 
charge 72 tons per minute, 3 metres high, with an hourly 
consumption of 3 kilogrammes, or 6.61b. of coal per 
horse power in water lift. When the trials were made it 
was found that each pump discharged 88 tons per minute, 
while going at 100 revolutions per minute, while the 
hourly consumption was only 2.7 kilogrammes, or 5.94 lb. 
of coal per horse power in water lift. The engines now 
illustrated are expected to yield even a better duty than 
the four mentioned above. They have an ordinary ram 
condenser with valves for large outlet. A large air pump 
is provided for charging the centrifugal pumps which 
have no foot valves, but in case of accident to air pump 
the condenser itself is capable of charging the pump by 
an arrangement between the centrifugal pump and con- 
denser. The whole of the machinery is made in only 
three pieces, all securely bolted together ; this is specially 
necessary with such foundations as are found in the low 
lands, where drainage operations are being carried out. 
In conclusion, we may remark that the particular engine 
illustrated, which we had an opportunity of examining a 
short time ago, was an admirable specimen of highly 
finished workmanship most creditable to its makers. 








THE SARPSFOS BRIDGE. 
WE have already published some engravings of a large 
bridge recently erected by Mr. Carl Pihl, over the River 
Sarpsfos. (See our two-page plate in ENGINEERING, 
January 4,and page 26 January 11 ante.) We this week 
complete our illustrations of this work, about which we 
now add some further particulars. The bridge is alto- 
gether’made up of thirteen spans, three of which cross 
the river and banks, the other ten, which are of smaller 
dimensions, serving as approaches. The distances be- 
tween centre to centre of piers are as follows: 
metres. ft. in. 








See the two-page plate = 
Span A Pf mth Jan. 4, § 14-228= 46 748 
» B ss be 14.118= 46 
» O ‘i és 14.118= 46 
» D aa - 14.118= 46 
» EB ” *” 14.118= 46 
» F jo *0 14.118= 46 
» @ 9 et 11.922= 39 15 
» H ” on 18.825= 61 
» I °° * 53.336=174 11 
» K ” ” 27. = 90 0 
» L 99 ” 14.654= 48 0} 
» M pat 99 13.897= 45 7 
oo NW % ~ 13.962= 45 9 
Total length =  238.859=783 7} 
The engravings on the preceding page show the 
construction of the smaller spans, Figs. 85 to 88 


being details of spans A, B, C, D, and E, and Figs. 89 
to 100 those of the remaining side girders. It will 
be seen that they are parallel plate girders 4 ft. 0,3, in. 
depth, and placed 7 ft. 23 in. apart from centre to centre. 
They are connected at intervals by vertical diagonal 
bracing (Fig. 88) formed of bars 34$in. by 3 in., and 
attached to the girders by plates 7j in. square by } in. 
The horizontal diagonal bracing is divided into panels 
(Fig.87) and consists of diagonal bars 2,% in. by } in., 
and transverse L-irons 2}§ in. and 2}fin. by }in. The 
diagonals are attached to the flanges of the girder by 
plates 3} in. by } in. (Fig. 100.) Figs. 31 to 48 show the 
detailed construction of the larger spans, H and K. The 
girders for each of these spans are of the form shown in 
Fig. 32, and of similar type to the Saltash and Mayence 
bridges. They are placed 15 ft. 10} in. apart in the clear. 
The upper member consists of two channel irons 7% in. 
deep, and placed 10 in. apart. They are braced together 
on the top as shownin Fig. 47. Figs. 38, 39, and 47 
show the stiffening plates at the ends of these bars over 
the piers. The top member is bent to the form shown in 
Fig. 31, and the bottom member consists of two plates 
10 in. wide, rivetted together and passing beneath the 
verticals of varying length, which are placed as shown 
in Fig. 31. These verticals are composed of two angle 
irons, diagonal bars and plates (Figs. 34, 40 and 44), and 
vary in length from 4 ft. 11} in. to 10 ft. Og in. They 
are spaced 6 ft. 7$ in. apart from centre to centre, and are 
connected to the top flange by plates 11 in. by 11.8 in., 
and }in. thick on each channel iron. The latter are 
joined at intervals by side cover plates 19 in. long and 
Yein. thick, with top cover plates of the same length, 
and $ in. thick. The bottom of each vertical is attached 
to the plates forming the lower flange by an angle iron, 














Jan. 25, 1878.] 


ENGINEERING, 





63 





and a triangular plate 11.8 in. by 18 in., and $ in. thick ; 
the lower part of This plate is continued below the bottom 
flange of the girder, and forms the attachment for the 
suspension rods carrying the roadway below. At the 
occurrence of each vertical, a cover plate, 24.4 in. long, is 
placed on each side of the bottom flange (Figs. 41 to 43). 
A system of diagonal bracing is introduced into each panel 
made by the verticals, Fig. 31, while the plan, Fig. 32, 
shows the system of horizontal diagonal bracing. The rail- 
way is carried on cross girders attached to the verticals 
(Figs. 31,32, and 34). The latter figure is a transverse 
section taken at points L and IV. of Fig. 31. From this 
section it will be seen that the depth of the cross girder is 
89% in., and is divided in its length into three panels 
filled with diagonal bracing. Upon these girders are 
laid two longitudinal beams, 8.2 in. deep, of wrought 
iron, and built up of angle irons and a plate web. They 
are placed 6 ft. 2}3 in. apart from centre to centre, and 
carry the sleepers supporting the rails. At each 
extremity of these sleepers is placed a light handrail 
87 in. high. The width of the platform between the two 
handrails is 13 ft. 11} in. A light open planking 
is laid on the sleepers to form the roadway. On page 26 
ante we published details (Figs. 4 to 30) of the prin- 
cipal span, which is of the same type as those just 
described. The top member is of ™ section built up of 
plate and angle irons. The depth of this member is 
15.98 in., and the width 27in. The angle irons are 
3.94in. by 3.94 in. by $ in, the thickness of the top 
plate .63 in., and of the side plates bin. The arrange- 
ment and dimensions of cover plates are shown in the 
drawing. The section of the tension beam is also shown ; 
it consists of ten plates laid together, collectively 
8.15 in. thick, the width being 15.98in. The mode of 
assemblage over the piers is given in Figs. 4, 5, 12, &. 
Two plates 23.6 in. deep, 7 ft. 28 in. long, and 4 in. thick 
form each end of the girders. The tension member 
passes between these plates, and is rivetted to them by 
four angle irons (see section O, D, Fig. 20). Ata dis- 
tance of 7.87in. from the end of the girder, a web is 
introduced between the plates. The vertical posts 
between top and bottom members are each composed of 
two pairs of angle irons 3.5 in., 2.9 in. by $in., connected 
by diagonal bracing; at the top they are attached by 
plates 18.89in. by 20.47 in. and .5 in. thick, and which 
serve also for the connexion for the diagonal bracing of 
the panels, and at the bottom by angle irons. A triangular 
plate on each side serves for the lower connexions 
of the diagonals, and also for the suspension rods carry- 
ing the roadway below. The diagonal bars are 5.11 in. 
by .55in. 

Figs. 57 to 68, are details of the roadway bridge be- 
neath the railway, and Fig. 61 is a cross section at two 
points of the principal span. This section shows the 
construction of the transverse girders which are in this 
case 4 ft. 2 in. deep. The general arrangement of these 
is similar to those already described, but they do not 
carry the longitudinal girders in the sume manner ; on the 
contrary, these are bolted to soleplates introduced at each 
panel, and the level of the top of the longitudinal is 
somewhat below that of the transverse girder. The dis- 
tance between the centres of girders in this span is 
17 ft. 8Zin. The lower part of Fig. 61 shows the 
attachment of the suspended roadway. Rods are hung 
from each vertical as already described and illustrated, 
and the lower ends of these, provided with nuts, pass 
through suitable sockets in the ends of the transverse 
girders carrying the roadway. These girders are hori- 
zontal in the upper and curved in the lower members, 
and between them are placed longitudinal bearers for 
carrying the platform (Figs. 62 and 63). Light side girders 
30 in. deep (Fig. 65) at once stiffen the bridge and form 
the handrailing. The width of the roadway is 16 ft. 5§ in. 

One interesting feature in connexion with this struc- 
ture is the form adopted for some of the piers, and 
illustrated by Figs. 57 and 58. This form was necessary 
in order not to interfere with the roadway leading to the 
lower platform of the bridge. It consists of a wrought- 
iron arched structure 18 ft. 6} in. in clear span, and 
13 ft. 5§ in. high from the ground level to the underside 
of the arch. The pier is an open diagonal braced struc- 
ture 27.79 in. wide at the sides and 3 ft. 11), in. deep at 
thecrown. The width of the plates forming the pier is 
16.45 in., and two angle irons 6.69 in. apart run round the 
inner faces of each flange (see Fig. 49). To these are 
attached the bars forming the diagonal bracing, and the 
sections of which are shown in Figs, 54 and 55. The sizes 
of these-are as follows : 




















| 
ve Distance . Thick- 
Number. Apart. | Width. mover 
Bars: in. in. in. 
a 2 6.692 4.409 5 
b 2 7.716 | 4.409 5 
c 2 5.669 | 4.409 5 
d 2 | 5.669 | 5.905 5 
e 2 5.511 7.080 .63 
f 2 | 5.511| 8.070 ‘63 
Angleirons : 
2 7.716 | 5.511x38 5 
2 7.716 4.409 x 2.56 o 











The girders, for which these are the piers, rest on 
brackets of the form shown in Figs. 51 and 52. Figs. 
69 to 82 show the various end plates and bearings em- 
ployed for the different spans, Figs. 69 to 73 being those 
for the main girders. It will be noticed from the drawings 
that the railway passing on the bridge is on the 4 ft. 84 in. 
gauge. The strains on the structure are calculated on 


the assumption that the line would be occupied from end | », 


to end with engines and tenders, weighing each re- 
spectively 37 tons and 27 tons, and measuring 46 ft. from 
buffer to buffer. The contractors for the ironwork were 
Messrs. Bergheim and Lecoq. : 








DYNAMO-ELECTRIC APPARATUS. 
Art the meeting of the Institution of Civil Engineers, on 
Tuesday the 22nd of, January, Mr. Bateman, President in 
the chair, the paper read was on ‘‘ Some Recent Improve- 


ments in Dynamo-electric Apparatus,” by Dr. Higgs. 
este. Ioeb. CE, to Io. De, ae 
In a brief review of the rise and p of this branch 


of electricity, the authors stated that the practical — 
tion of Faraday’s important addition to electrical knowledge 
a ed in the first magneto-electric machine, constructed in 
1833, by Pixii, and gee mgd improved by Saxton and 
Clark. The use of machines of size, driven at high 
speed, was s ted by Professor Nollet. In 1854, Dr. Sie- 
mens of Berlin, introduced the Siemens armature. The 
principle of accumulation by successive action, by combini 

two,cylindrical armature machines, was dueto Mz.Wilde. Ail 
these magneto-electric machines were disadvantageous in 
use because their effect did not increase with their dimen- 
sions. In 1867 Dr. Siemens patented a machine to obviate 
rapid reversals. The step from ectric to dynamo- 
electric machines originated with Dr. Werner Siemens, Sir 
Charles Wheatstone, and Mr. S. A. Varley, the priority 
falling to the former. In the Siemens machine a peculiar 
method of winding the wire on the armature, devised by 
Mr. von Hefner Alteneck, was employed. In the Gramme 
machine, a principle was adopted which had been described 
by Pacinotti in 1863, of whose apparatus the present 

ramme machine was a modification. 

A description was then given of the latest construction 
of Siemens’ dynamo-electric machine and electric lamp, 
the latter devised specially for lighthouse illumination, 
and similar lamps were about to be — for the 
Lizard Lighthouse. The dimensions, weights, number of 
revolutions made by the cylinder, light equivalent in normal 
candles, and horse power required for driving were, for 

eS : 




















three sizes of machin: 
3 
Dimensions in Inches. » "ey Eg 
g as | 3 2 
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25 21 8.8 298 | 1100 | 1,000| 1, to 2 
29 26 9.5 419 850 | 4,000); 3 ,, 3% 
44 28.3; 12.6 | 1279 480 |14,800/ 9 ,, 











_ In the application to lighting purposes, the improvements 
in the present dynamo machines were obvious. The 
magneto-electric machines first employed in lighthouse 
illumination, as pointed out by Dr. Tyndall, bore a cost of 
10 to 1 us compared with the latest dynamo machine, while 
the cubic spaces occupied were as 25 to 1, and the weights 
as 13°7 to 1, the total light power produced for the 
condensed beam of light being as about 1 to 5. Thus, with 
a cost 10 times, with a weight 14 times, anda volume 25 
times that of the latest construction, the old machine 
produced one-fifth of the light, with an expenditure of 
practically the same driving power. 

The results of experiments with theelectriclightapparatus 
by Capt. Abney, R.E., at Fort Monkton, in July » 1875, 
were given ; but a more instructive series were contained 
in the ag 0 | House Report on the ‘‘ Com: tive Trials of 
Electric Lights at the South Foreland,” from August, 
1876, to July, 1877. 

An important factor in the light efficiency of a given 
machine was the resistance of the circuit leading to the 
lamps. Experiment indicated that, to obtain a maximum 
of light, the resistance of the conducting wires should be 
proportioned to that of the machine. In the use of dynamo 
or magneto-electric machines, the chances of stoppages had 
been quoted as a serious disadvantage ; but these c 


c 
had been so reduced as not to exceed those arising with 
machines rt stated 


a. The Trinity House Re 

that ‘‘ the No. 68 Siemens machine worked well from the 
7th March to the 7th April, without any necessity for a 
stoppage. On the 1lth March the commutator plates and 
brushes were adjusted ; on the 19th the brushes were re- 
newed ; on the 28th the commutator plates and brushes were 
again adjusted ; and on the 6th April the commutator plates 
and brushes were renewed.” The duration of the light, 
owing to required renewal of carbons, was limited to a cer- 
tain number of hours, dependent on the size of the carbons 
and the machine employed. 

Much excitement had been evinced as to the probable 
competition between gas and electricity as sources of light- 
power. Although under certain circumstances these two 
agents undoubtedly came into competition, they had two 
separate fields. Hitherto gas had been employed for lighting 
spaces of both large and small dimensions, because a better 
source of light for large had not been procurable 
with economy. But for lig hting large spaces not sub- 
— 5 A = objects or Sater tua oe a want of 

conomy to employ gas. i i power propor- 
tional to horse-power atl mg Ban. power would give 











150,000 candles’ light ; distributed from three points, the cos 
would not be more than 11. 2s. 6d. per hour, each light 
centre giving an illumination which would enable small 

int to be read at a distance of + mile from the light. A 

urner giving the light of 20 consumed 6 cubic feet 
of gas per hour, which might be manufactured at a cost of 
2s. per 1000 cubic feet. This gave 7500 burners’ light 
only, and 45,000 cubic feet of gas, at a cost of 41. 5s. per 
i vour of electric lighting. 


our, a ratio of 4 to 1 in 
The economical ratios differed greatly, being dependent 
the motor 


chiefly upon the price of gas and power employed. 
For large spaces the cost of electric lighting was about one- 
fourth, or even one-fifth that of gas lighting when steam had 


been used as a power, and wear and tear were reckoned. 
With a gas engine as motor, the ratio had only been as 1 
to 3, the — economy having been with a turbine as 
motor. At M. Dieu’s workshops at Davours, the cost per 
hour for gas was 2s. 0.632d. against 1s. 7.2d. for electric 
lighting. M. Ducommun found, taking into account wear 
and tear and interest, that gas cost 2.25 times more than the 
electric light, which ratio was increased to 7.15 when wear 
and tear and interest were left out of consideration. At 
Messrs. Siemens Brothers’ Tel Works the economy 
was as 2 to 1 in favour of electric lighting. If, however. 
the ratio of light-intensities were adopted as the ratio of 
efficiency, the advan would be ae higher 
20 to 1) in favour of e ic lighting. It _— be laid 

own as proved by ience, that for lighting —_ 
spaces, not too much subdivided, the advantage was greatly 
in favour of the electric light ; but that where numerous 
light-centres of small intensity were required, or where the 
space was much subdivided, the advantage was in favour of 
gas. This advantage would cease when a practical method 
of subdividing the electric light was obtained 

The limit set by distance to the transmission of power, 
by means at present adopted been comparatively 
narrow. Hydraulic power had been the most a 
with, however, sev important disadvan’ . Al —— 
electricity as a means of transmission was limited by 
the distance to be traversed, the limit was in this case 
much more extensible, and under favourable instances 
practically disap For the transmission of — 
say from a steam or water motor initially, the following 
system was adopted :—First, a strap or belt from the 
motor was carried to the pulley of the driving dynamo- 
electric machine which generated the current. By leading- 
wires of the peer length, the electrical current gene- 
rated in the first machine was conveyed to the terminals of 
a second and precisely the similar machine. Thus the first 
machine generated the current, which was utilised in im- 
parting motion to the machine. The greatest work 
was yielded by the second machine when the st of 
the current given by the first machine or source been 
reduced to one-half by the induced current from the second 
machine. Supposing two equal machines for the 
transmission of power, the amount of work reclaimable 
from the second machine would be 50 per cent. of that em- 
ployed upon the first, and the number of revolutions of the 
armature of the second machine, corresponding to the 
maximum of work reclaimed, would be half the number 
made by the first. Experiments also proved that the loss 
of efficiency was proportional to the resistance. 

The a of the currents of magneto-electric 
machines for electrotyping and electroplating had long 
superseded the voltaic current, It was, however, only on 
a large scale that the current from ad: © machine co’ 
be used with advantage. For small electro se tions, or 
depositions, eto-electric machines hel bee con- 
structed. For the deposition of large quantities of metal, 
where by changing baths in succession little change was 
made in the total circuit resistance, the dynamo machine 
gave much greater economy. With one of these machines, 
anda sooner succession of vats, as much as three tons of 
copper been deposited daily. 


NOTES FROM THE SOUTH-WEST. 

The Avonside Engine Works.—On Saturday the directors 
of this company met to receive the answers of the men 
employed in the works, on the subject of the required re- 
duction of wages. Adeputation of those of the men who 
belonged to the Amalgamated Association of Engineers 
first entered, and stated, in conformity with a resolution 
adopted at the Ship Inn, on Friday night, that as they did 
not consider any satisfactory reason had been given for the 
reduction they declined to accept it. Af » some re- 
presentatives of the non-union men employed had an inter- 
view with the directors, and desired to know whether a re- 
duction of 5 per cent. would not meet the case; but the 
directors replied that nothing less than a 10 per cent. re- 
duction in the wages would ep | them in continuing to 
keep the works open. The doors of the works were thrown 
open on Monday morning at half-past eight (three-quarter 
Sal and, including the apprentices, something like 100 
employés went in at the 10 cent. reduction. In the 
afternoon, a large meeting of the non-society men was held 
at the Broad P. coffee-honse, and they determined to 
resist any reduction. 


Newpor't.—Trade was quiet during the week. The 
imports of iron ore amounted to 8698 = as inst 
1 tons in the previous week. There was a great falling 
off in the shipments of steam coal, which reached o 
6667 tons against 16,493 tons in the previous week. Of rail- 
way iron one of 760 tons was despatched to Pillau. 
a rails are in the market for the Baltic 
ports. ights remain unchanged. The prices of steam 
coal are about the same as last week, viz. m 8s. 6d. to 
10s., house coal 9s. to 9s. 6d. per ton. The new steamer 
Wyndcliff, owned principally in Newport, although re- 
in Liverpool, is on som Nagy Moe bne a cargo of 


gistered 

pig iron from a. northern port. trade is in 
4 oon condition than for some time past, but prices are 
very low. that Ponty- 


Some a is entertained 
minster Tin Works will be re-opened in a short time, 
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SIXTY-TON STEAM CRANE FOR THE ABOUCHOFF STEEL WORKS, ST. PETERSBURG. 
CONSTRUCTED BY MESSRS. EASTONS AND ANDERSON, ENGINEERS, LONDON. 
(For Description, see opposite Page.) 

















Russtan ARMAMENTS.—The contract for the 100/ the torpedo boats built last by Messrs. Yarrow and 
torpedo boats, recently ordered by the Russian Govern- | Co., which attained during their trial on the River Neva 
ment, has been taken by the two leading yeep a speed of 22 statute miles an hour. Fifty of these boats 
firms at St. Petersburg. They are to be exact copies of | are to be completed within six months, and to insure the 


utmost despatch, the orders for the machinery have been 
distributed among a large number of firms. Arrangements 
have been made for transporting the boats when finished 
by rail from St. Petersburg to Odessa.— Times. 
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GUIDING PULLEY FOR INDICATORS. 

Mr. Stanek, of Prague, whose “ dianemoscope” was 
described in these pages some time ago, has pro- 
posed a new arrangement of a guiding pulley for the 
cord which moves the paper drum of an indicator. The 
construction is clearly shown in the engravings, from 
which it will be seen that the pulley P can be turned 
round an axis X X, whereas the cord, passing through 
the hollow pivot a, remains in its proper position. By 


means of the screw d the pully can be fixed in any posi- 
tion required. 











In comparing this arrangement with that usually em- 
ployed it will be found that the cord can be moved more 
freely in any direction without interfering with the cor- 
rect action of the apparatus. Moreover, the arrangement, 
if once properly adjusted, is not liable to allow the cord 
to double on the paper drum pulley—that is to say, to go 
round more than once—a case which is by no means un- 
commen with the ordinary pulleys. 








SIXTY-TON STEAM FORGE CRANE. 

Tue great Russian Ordnance Works at St. Petersburg 
have, like other similar establishments, had constantly to 
augment the power of their appliances as guns increased 
in dimensions. Three or four years ago they had to alter 
their large steam hammer from the double-acting system 
to the dead-weight one, raising the standards 14 ft., and 
introducing a hammer head of 50 tons weight, and 14 ft. 
fall. The 35-ton crane, that was even then sufficient for 
their requirements, has now proved inadequate, and 
Messrs. Eastons and Anderson have lately shipped the 
60-ton crane, of which we annex illustrations. 

The crane is 28 ft. high with an extreme sweep of 24 ft. ; 
it consists of a wrought-iron vertical pillar, to the upper 
end of which is attached a horizontal member supported 
further by a wrought-iron diagonal strut. The pillar 
terminates at the lower end in a cast-iron pivot 13 in. in 
diameter, working in a cast-iron bedplate fitted to the 
foundation about the foot of one of the hammer standards, 
while the upper end is of cast steel, rotating in a socket 
secured into a wrought-iron crane frame which surrounds 
the hammer, and has already served to support the 
lighter cranes. This pivot is made hollow in order to 
allow of the passage of the steam and exhaust pipes of 
the engines. The hoisting gear is actuated by a pair of 
engines having cylinders 8} in.in diameter, 10 in. stroke, 
bolted to the back of the vertical pillar; a pinion on one 
end of the crankshaft gears inte a train of wheels which 
reducing the speed 63 to 1 communicate the motion to a 
pair of ordinary close linked 14 in. chains, by means of a 
pair of recessed drums, over about one-fourth of the cir- 
cumference of which they lap, their free ends falling 
down to and coiling in the bottom of the vertical pillar, 
while the bight is passed over the three pairs of sheaves 
of the travelling carriage, and two pairs of sheaves in the 
falling block, the bight passing round a small horizontal 
sheave in the extreme end of the jib. By this means a 
uniform tension is always insured on the chain, and the 
space required by ordinary chain barrels is saved. On the 
opposite end of the engine shaft is keyed a brake actuated 
through connecting-rods and levers by the foot of the 
attendant. The cross traverse and the rotation of the 
crane are provided for by a separate single engine having 
a cylinder 6} in. in diameter, 8 in. stroke, with a small 
flywheel and link motion. On each end of the crankshaft, 
and running loose on it, is fitted a worm capable of being 
thrown into gear by a clutch, and conveniently arranged 
spring hand-lever. 

The cross traverse worm actuates a train of wheels 
240 to 1, which gives motion to a spiked pulley and by 
its means toa short pitched chain coupled to an ordi- 
nary 14 in. chain which, passing over suitable pulleys, 
has either end shackled to the traversing carriage. The 
worm for rotating the crane actuates a train of wheels 
133 to 1, and gives motion to a pinion engaging into an 


ing the lower pivot of the crane. All the motions are 
controlled by one man from a small platform secured to 
one side of the vertical pillar, inside of which the steam 
and exhaust pipes are also arranged. For the purpose 
of turning the forging, strong claw chains hang down on 






Fig. é. 


Fig. 4. 
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each side of the falling block and hook into the 2§ in. 
chain in the bight of which the object to be forged is 
laid. 

The entire crane was erected and satisfactorily worked 
by steam before being sent off from Messrs. Easton and 
’3 works. 





An Expenstve Berner CoLLarsz.—The of the 
Lake Shore and Michigan Southern Railroad Company on 
account of the recent Ashtabula bridge disaster amoun 





internal annular segment bolted to the baseplate carry- 





to 493,940 dols. 


ted | ‘create and permanentl. 


THE MOUTHS OF THE MISSISSIPPI. 
Tue following is the report referred to in the letter from 
Sir Charles Hartley, which we publish on page 71 of the 
present number : 
New Orleans, La., January 5th, 1878. 
Hon. George W. McCrary, ° 
Secre of War Washington, D.C. 
S1r,—In compliance with your orders of the 2ist ult., 
we proceeded to Port Eads, arriving there Sunday evening, 
December 30th, 1877, and made ‘‘a personal and thoroug 
examination of the work now in progress, under charge of 
J ames B. Eads, for the improvement of the South Pass of 
pe Mississippi river,” and have the honour,to report as 
OLLOWS : 


Before proceeding to more general views and recom- 
mendations, we present the following answers to your 
interrogatories : 

Interrogatory 1.—‘‘ What depth and width of channel 
has been secured through the South Pass of the Mississippi 
river to deeper water in the Gulf of Mexico ?”’ 

Answer.—There is a channel nowhere less than 200 ft. 
wide and 22 ft. deep from the South Pass between the 
jetties to the deep water of the Gulf of Mexico, the width 
| re the 22-ft. curves varying from 200 ft. to more than 
500 ft. A practicable channel of 22.4 ft. exists through 
the whole extent of this portion of the Pass. At the head 
of the Pass a channel 264 ft. wide and 22 ft. deep exists, 
and a practicable channel of 23 ft. deep is also found. As 
to the main body or length of the Pass we would respect- 
fully refer to the report of July 24th, 1877 (the seventh), 
“upon the improvement of the South Pass of the Mississippi 
river.’’ Some changes have occurred in widths and depths 
since Marinden’s US. Coast Survey in 1875, but none 
material to be considered at present. 

Interrogatory 2.—‘‘ Has such depth and width of channel 
been obtained by the action of such jetties and auxiliary 
works as are contemplated by the terms of the Act of 
Congress aforesaid ?’’ 

Answer.—Section 4 of the aforesaid Act authorises Jas. 
B. Eads and associates ‘‘ to construct such permanent and 
sufficient jetties and such auxiliary works as are necessary 
to create and permanently maintain, as hereafter set forth, 
a wide and deep channel between the South Pass of the 
Mississippi river and the Gulf of Mexico, and for that 
purpose he may construct in the river outlet or pass, 
and likewise in the Gulf of Mexico, such walls, jetties, 
dykes, levees, and other structures, and employ such boats, 
rafts, and appliances as he may in the prosecution of said 
work, deem necessary.”’ 

Section 5 of same Act provides (among other things) 
that when a channel of 20 ft. in depth, and of not less than 
200 ft. in width, shall have been obtained by the action of said 
jetties and auxiliary works, 500,000 dols. shall be paid ; 
and when a channel of 22 ft. in depth and 200 ft. in width 
shall have been obtained by the action of said jetties and 
auxiliary works, 500,000 dols. shall be paid,” &c. 

We have already, in our answer to the first interroga- 
tory, reported that a channel “‘ 22 ft. in depth and 20 ft. 
in width” has been obtained. The interrugatory now to 
be answered is, ‘‘Has such a depth and width been ob- 
tained by the action of such jetties and auxiliary works as 
are contemplated by the terms of the Act of Congress f’’ 

The condition o: yment, t.e., that the specified depth 
and width shall be obtained by the action of ‘such jetties 
and auxiliary works,’’ leads us into the consideration of 
what is meant by auxiliary works. As these in the language 
of the law are coupled with the ‘‘ permanent and sufficient 
jetties” which are to be constructed, and as further on he 
is more specifically authorised to. construct in the river 
outlet or pass, and likewise in the Gulf of Mexico, ‘‘ such 
walls, jetties, dykes, levees, and other etructures,’’ &c., all 
of which ap to be structures fixed in location and 
attached to the bottom of the river, outlet, or pass, or as 
levees to the dry land, a rigid interpretation would appear 
to exclude the use, or rather to prohibit payment for, 
channel depths and widths, obtained with the aid of the 
well-known processes of ‘‘scraping,’”’ ‘‘stirring up the 
bottom,’’ or ‘‘ dredging,’’ and there can be no doubt that 
had either or all of these last-named means been the main 
agent or agents of obtaining the specified depths, pay- 
ment could not, under the conditions of the law, be made 
for channel widths and depths so obtained, the jetty prin- 
ciple being notoriously the principle to be applied by the 
grantee 


If, however, we refer to authoritative statements of the 
metnods of applying that Lowy 70 we find it stated in the 
‘* Physics and Hydraulics of the Mississippi River’’ (p. 489, 
reprint), in treating of the ‘‘ Plan of Jetties,’’ that the 
‘*erosive action should be aided at first by dragging and 
scraping the hard portion of the bar.’’ 

The Board of Engineers appointed by the President of the 
United States, under the Act of Congress of June 23, 1874, 
to make ‘‘a survey of the mouth of the Mississippi river 
malaisiaiog-s dagih af. ehep aoliclans Sus disteauapees 
main a dep water sufficient for the purposes o 
commerce, either by a canal from the said river to the 
waters of the gulf, or ing one or more of the 
pa’ outlets of said river,”’ in recommending the open- 
ing of the South Pass by the application of the jetty system, 
states, ‘‘ by aiding, if necessary, by dredging, we should 
be able to reduce at pleasure the time required for the 
process ;’’ and’again: ‘‘This plan is then adopted... . 
to begin parallel dykes (i.e., jetties) at the banks, and carry 
them over the bar to 30 ft. water outside... . allowing 
the river to erode the bottom between the dykes... . 
aiding the erosion by dredging or stirring, if it is not rapid 
enough.” And in appendix to their report an item of 
250,000 dols. is found as the estimated cost of dredging or 
stirring in aiding formation of channel between the jetties 
“"The object of the ‘Ack ering i. to 

obj of the we are now cons is 
maintain a wide and deep 





channel between the South Pass of the Mississippi river 
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ving personally examined the most im- 
Europe, recommended the jetty plan 
CS pon 
jis upon w) compensation 
associates was determined, we do not doubt 
intention of the proviso in question was that 
auxiliary works should be the effectual agents 
ining the ‘‘ wide and deep channel’ intended, while 
e same time the references we have made show that 
ing is a legitimate auxiliary. 
e conceive, therefore, that the true intent of the 
Scape does not prohibit the auxiliary aid of dredging ; that 
spirit is as above defined, that, indeed, in the 
authorising of the employment of such boats, rafts, and 


iances as he may in ‘‘the prosecution of said work 


deem ,” allows dredging, and should not prohibit 
seamnent for cusunel widths a depths which the jetties 
and auxili works have, to all intents and purposes, 
reall » and to which dredging has been slightly 


auxiliary. 
If we look at the actual facts presented by the 9 
secution of this work, we find that where, two and a 
years ago, there was a bar at the mouth of the 
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Attorney-General of the United States. (See Ex. Doc. 28, 
44th Cong., 2nd sess., H. BR.) ee 

Adopting the view above expressed, which in our judg- 
ment is the only equitable one, we answer this in 
tory in the affirmative. No part of the jetties are as yet 
entirely completed, and some Te ye ey a the outer 
ends, will require extension of width a large amount 
of stone before they are brought to that permanent and 
substantial condition, when completed, which the Act, in 
our judgment, requires. is additional work we under- 
ll that Mr. Eads and associates propose to do from 
time to time, as payments are made to them by the United 
States. 

Interrogatory 4.—‘‘ Have the conditions prescribed in 
said Act of Co beentfully complied with by said James 
B. Eads, in co fat an ho hes Pp’ with the work ?” 

Answer.—In our judgment the conditions im by the 
Act have been complied with by James B. and asso- 
ciates, so far as they have with the work. _ 

Interrogatory 5.—‘‘ Is James B. Eads, in your opinion, 
entitled to receive the 500,000 dols. which, by the terms of 
said Act, was to be paid to him when, having full — 
with the conditions prescribed said Act, a channel of 
22 ft. in depth and 200 ft. in width shall have been obtained 
by the action of said jetties and auxili ks ?”” 

Answer.—We are of opinion that James B. Eads is 





half 

South Pass of over two miles of extent ‘ed 
from 22 ft. water inside to the same depth outside, 
over about half a mile of which there was but 8 ft. 
of water, a “‘ wide and deep channel’ 22 ft. in depth 
now exists, and a result inferior in ———- magnitude but 
no lessin importance at the head of the passes. And this 
result is so exclusively due to the ‘‘jetties and auxili 
works,’’ that the auxi aid of ‘‘ appliances,’’ if in suc 
we include dredging-machines, is utterly insignificant, con- 
sisting mainly, indeed, in a slight yoy! at two points, 
and widening and deepening at a third. By the erosion of the 
current, due entirely to the jetties and their fixed auxiliaries, 
about two and one-half millions of cubic yards of bottom 
material have been removed, leaving in its place the “‘ wide 
and deep channel.’’ Of this amount one million of ‘cubic 
yards have been removed by the same agency since the 20 ft. 
of depth on the bar wasobtained.* By the action of the 
dredge-boats (see Captain Brown’s report to the Hon. 
Secretary of War) from 12,000 to 28,000 cubic yards 
have nominally been removed by dredging. But it cannot 
positively be asserted that to the creation of the channel 
now existing even this insignificant amount m con- 
tributed by dredging. It is pertinent to remark, in this 
connexion, that the creating of the 200 ft. width of the 
20-ft. channel, for which payment has already been made, 
is officially reported to have been, to a small extent, aided 
by dredging. (See Major Comstock’s sixth report.) 

We have discussed the point of dredging at much length, 
because we conceive it to be the real one involved in the 
third interrogatory ; and we conclude by answering that 
according to the construction above given, the depth and 
width of channel has been obtained by the action of such 
jetties and auxiliary works as are contemplated by the 
terms of the Act of Congress. 

Interrogatory 3.—‘‘ Are the jetties and auxiliary works 
constructed, or in process of construction, permanent, suffi- 
cient, and thoroughly substantial within the meaning of 
said Act of Congress ?’’ 

Answer.—In Section 13 of the aforesaid Act it is provided 
**that while said Eads shall be untrammelled in the exercise 
of his judgment and skill in the location, ~~ >, and con- 
struction of said jetties and auxiliary works, the intent of 
this Act is not simply to secure the wide and deep channel 
first above named, but likewise to provide for the con- 
struction of thoroughly substantial and permanent works.”’ 

And, further, that if the Commission specified in same 
section “‘ shall report that the works are being constructed 
upon a design that will not be of a substantial and per- 
manent character when completed,”’ &c., which seems to 
imply that at a stage of the work like the present it was 
not expected that the works should be brought to a con- 
dition of permanency, but only that so far as they have 
gone they should be of such a character as to be both 
ae and permanent when completed according to the 

esign. 

Moreover, the Commission of Engineers constituted by 
Special Orders, No. 229, Adjutant-General’s Office, Wash- 
ington, November 2, 1876, reported on this point as fol- 
lows: ‘“‘ We do not conceive it to be required of Mr. Eads 
that each stage of the progress shall exhibit such ‘ sub- 
stantial and permanent work’ as the law ultimately con- 
templates, but rather that each stage of the work shall 
show an adequacy to create a channel of the depth and 
width demanded, and at the same time such a fair and honest 
prosecution of the work as shall be, as far as it has gone, 
so much really accomplished toward the construction of 
works which, in the language of the law, may be maintained 
for all time, after their completion.’’ 

** While we believe that engineer officers, applying moneys 
appropriated to meet their estimates by Congress, w 
have executed their work differently, especiully in applying 
freely stone to each layer of mattresses, we are nevertheless 
of opinion that the work is being constructed essentiall 

ing to the spirit of the Act, as mentioned in the tenth 
(thirteenth) section thereof.’’ 
The above view of the case was jy by the Hon. 
Secretary of War, and sustained by the decision of the 

* It must be remarked that the figures in the text by 
no means exhibit the actual channel sedur due to the 
jetties and auxiliary works. They exhibit me the 

lance between scour and fill, the fill occurrin ost 
exclusively in the ultra-channel spaces, between the wing- 
dams. By reference to Captain Brown's report it will be 
seen that an abnormal scour of one and a half millions of 
cubic yards took place last summer, in an extent between 
etties of about 2000 ft., between 4500 ft. and 6500 ft. 





iow East Point. 








titled to receive the payment of 500,000 dols., specified 
in the above in’ tory ; and our reasons will be found 
in the answers ly given to the first, second, third, and 
fourth interrogatories. 
(To be continued.) 





NOTES FROM THE NORTH. 
Giasaow, Wednesday. 

Glasgow Pig-Iron Market.—On Thursday last the pig- 
iron warrant market was again dull at the Lm , but it 
assumed a firmer tone till near the close, when old prices 
ruled again. A good business was reported during the 
forenoon at from 50s. 9d. to 50s. 10d. cash, and 50s. 11d. 
eight days, and at 50s. 104d. to 51s. O}d. one month, the 
market closing with sellers at the highest and buyers near. 
After the mid-day adjournment the reaction again set in, 
and prices receded to 50s. 9d. cash, and the market closed 
with sellers at 50s. 9d. cash and 50s. 114d. one month, and 
buyers offering $d. per ton less. The warrant market 
opened quietly on the following day, but became firm, and 
closed with prices 14d. per ton over those of Thursday. 
Business commenced at 50s. 9d. cash, and improved to 
50s. 10d., closing in the forenoon with buyers at the higher 
quotation. Prices reached 50s. 11d. cash and 51s. 0}d. one 
month in the course of the afternoon, and the market closed 
with buyers offering 50s. 10}d. cash, and sellers asking 
51s. 0}d. onemonth. Monday’s warrant market was some- 
what steadier, and prices closed much the same as on 
Friday. During the forenoon market business was done at 
from 50s. 10d. to 50s. 10$d. cash, and 51s. 03d. one month, 
sellers at the close still asking the higher quotations. The 
same quotations ruled in the afternoon for cash trans- 
actions, but 50s. 1d. was paid for transactions at one month, 
and the market closed rather sellers at 50s. 103d. cash, and 
51s. 1d. one month. At the opening of the market yester- 
day there was a strong feeling, and an advance of 1d. per 
ton was obtained. Towards the close buyers were 
shy, and sellers had to relax. Business was done in the 
forenoon at 50s. 11d. to 51s. cash, and 51s. 1d. to 51s. 23d. 
one month, the closing prices being, sellers 50s. 11}d. cash, 
and 51s. 14d. one month. In the afternoon the only trans- 
action reported was one at 51s. in a few days, and the 
market closed nominally at that price. There was a quiet 
and steady market to-day. Businees was done in warrants 
during the forenoon at 50s. 11d. cash, and 51s. 1d. one 
month, closing with sellers at both prices, buyers offering 
50s. 10}d. oa 5ls. 14d. Business was done in the 
afternoon at 50s. 114d. cash. On the whole, it must be said 
that a large amount of business was done in warrants dur- 
ing the past week, but the ordinary le de’ shows 
very small signs of improvement, if, indeed, there are even 
any. Some persons, however, are disposed to think that a 
somewhat more elastic feeling is being manifested. In 
shipping iron, there is a deal of dulness. Several 
makers of special brands have reduced their prices within 
the last few days to the extent of 6d. to 1s. per ton, but the 
reduction does not seem to have brought any accession of 
business. The stock of pig iron in Messrs. Connal and 
Co’s public warrrant stores was further increased last week, 
the amount in store up till Friday night being 169,731 tons. 
There are now 87 blast furnaces in operation in Scotland, 
as against 108 at the same time last year. Last week’s 
shipments of pig iron from all Scotch ports amounted to 


4532 tons as compared with 5141 tons in the corresponding 8 


week of last year. 


Institution of Engineers and Shipbuilders in Scotland. 
—Atthe usual monthly meeting of this institution, held last 


| night, a paper was read by Mr. W. J. Millar on “‘ Strains 


and Fracture of Bars of Various Materials ;” and at the 
meeting of the Graduates’ Section of the same body, held 
last week, a paper on ‘‘ Dock Gates” was read by Mr. 
John M. McCurrich, the examples chosen by the author 
being the gates of certain docks on the Clyde, at London, 
Liverpool, Great Grimsby, &c. 


James Watt Anniversary.—In pursuance of a practice 
which has now lasted for about thirty years, the i 
tion of Foremen Engineers of Glasgow and the West of 
Scotland celebrated the birthday of James Watt last 
Saturday evening in Macroe’s Royal Hotel, G@ . 
There was a large attendance both of employés of 
employers who formerly attended the annual banquets in 
the capacity of foremen engineers. Mr. Charles O’Connor. 
of Messrs. John Elder and Co., occupied the (chair, an 
Mr. Edward Snowball, of Hyde Park motive Works, 
discharge the duties of the vice-chair. Amongst the 
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there were Mr. Webster, of Jewett and Co., 

8 , and Mr. Samson Fox, managing director of the 

Leeds Forge Suen - On the same i 

Institution and Sc of Arts, Edinburgh, 

the Watt Anniversary. On Friday 

G. Tait, Edinburgh, opened the i 

of the Greenock Philosophical perc | by delivering the 

Watt Anniversary Lecture, his subject being ‘‘ The Con- 

duction of Heat.”’ 

Professor Fleeming Jenkin on “‘ Domestic Sanitation.’’ 
—In a lecture delivered last night before the Philosophical 
Institution of Edinburgh, ter Pasian Fleeming Jenkin, 
C.E., F.R.S., the eminent lecturer gave public intimation 
of the formation of a Sani Protection Association, the 
a = — et  - inspections by ey 
at sta iods, e sanita: ents of the 
houses of Sy mieere. e pean Se mp cmp stated to be 
supported by the most eminent gentlemen in the legal, 
medical, and clerical circles in Edinburgh. 

Hamilton Water Works.—As the new water works for 
the town of Hamilton are now cepeneeing, congietion. 
an inspection was made yesterday the Water Com- 
missioners, accompani by Mr. Copland, C.E., and Mr. 
Scott. the contractor, before allowing the water to be 
turned on. Afterwards it was agreed to turn on the water 
without any further delay. It is reported that the new 
reservoir has been constructed to contain upwards of forty 
million gallons of water. In the bill whichjis being pro- 
moted in the present session of Parliament, power is asked 
for giving a supply from the distributing tank at Townhill 
to Low Waters, and, when this is obtained, it is expected 
that there will be an abundant supply to meet the wants 
of the increasing population for many years to come. 

H.M.8. Nelson.—This splendid ironclad ship of war, 
built and engined by Messrs. John Elder and Co., went 
down to the Tail of the Bank, off Greenock, on Monday, 
in tow of six powe tugs. The run down was made in 
little more than two hours, and was in onus successful. 
She was to have a two-hours’ run under steam to-day, 
prior to leaving the Clyde for Plymouth. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIppLEsBROUGH, Wednesday. 


The Cleveland Iron Market.—Yesterday there was a 
large attendance on ’Change at Middlesbrough, but like 
previous market days for the last few months there was 
very little business transacted. Prices were unaltered, 
being based on No. 3 Cleveland pig selling at 41s. per ton. 
It is ho that pacific councils will prevail, and that 
there wi : soon be = end - the ~——_ — ft 

rmanent peace would, most people believe, quickly 
followed by good trade. 


The Cleveland Ironmasters and Production.—The pig 
iron makers of Cleveland adhere to the policy of regulating 
the supply according to the demand, and hope to maintain 
remunerative prices in that way. Previous to yesterday’s 
market, a meeting of ironmasters was held at their offices, 
Middlesbrough. Encouraging reports were received as to 
the extent of the business transacted at the ironmasters 

rices since their meeting a fortnight ago, and it was 

lieved that the opposition to the policy of the masters 
was weakening, and on the point of being abandoned. 
About 10 per cent. of the furnaces in the district have 
either been taken off Cleveland iron or have been blown 
out. The masters adjourned until some day to be here- 
after fixed in February. 


Bessemer Iron.—There are now something like fifteen 
blast furnaces in the Cleveland district Bessemer 
iron. Should trade soon be anything like what it was four 
or five years ago, it is thought that Cleveland will rapidly 
obtain as great a reputation for making steel as she long 
ago acquired for making iron. 

The Finished Iron Trade.—In the finished iron trade 
there is little or nothing to report. Plate and sheet makers 
are doing better than any other class of employers in the 
finished iron trade. Prices are rather firm. 


Cleveland Institution of Engineers.—The third meeti 
of the session was held in the hall of the Literary 
Philosophical Society, Corporation-road, Middlesbrough, 
on Monday evening, Mr. Thomas Whitwell, President, in 
the chair. After the usual preliminary business the dis- 
cussion upon Mr. Stead’s paper, ‘‘ Phosphorus in Iron Ore 
and in Iron,’’ part two, was entered on, in which Messrs. 
Howson, Wilson, Marshall, and Head ar ge Mr. 
tead, in replying, gave the information required. Mr. J. 
A. Jones then read a paper on “ Mechanical Pnddling.”’ 
This was a review of the various machines which had come 
to the front to attain that most desirable object, puddling 
by machinery instead of by hand. 

The Coal and Coke Trades.—The fuel trade is dull. 
Best coals for house are 


‘Northumberland, and it is hoped that the all soon 


resume work. 

Engineering and Shipbuilding.—Engineers and ship- 
builders are busy. eee : of work on hand 
and a fair number of rs on thei ks. 





AusTRIAN MecuantcaL InpustRy.—Some orders for 
t for German and Russian railways have been received 
the Austro-Hungarian mechanical establi is. Most 
of the Austrian iron works are, however, still suffering from 
stagnation of trade. 
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NOTICE TO AMERIOAN SUBSCRIBERS, 

We og to announce that we have appointed Mr, Lenox 
Smith, Broadway, New York, the sole.agent for EN@I- 
NEERING in the United States, and all subscriptions for the 
United States will in future be payable to him. Mr. Lenox 
Smith is also prepared to receive advertisements for ENaI- 
NEERING, and will afford full information as to terms, &., on 
application, The annual subscription for ENGINEERING de- 
livered post free in the United States is 10,50 dols. U.S. currency, 
payablein advance. 








NOTICES OF MEETINGS. 

THE INSTITUTION or CIVIL ENGINEERS.—Tuesday, January 29, 
at 8 p.m. Discussion on “ Dynamo-Electric Apparatus.” 

INSTITUTION OF SURVEYORS.—Monday evening, January 28, a 
paper will be read by Mr. J. Smallman Smith, entitled “The Law 
of Support in its Relation to Land, Mines, and Buildings.” The 
chair will be taken at 8 o'clock. 

INSTITUTION OF MECHANICAL ENGINBERS.—On Thursday 3lst 
inst. and Friday, February Ist, at the Institution of Civil Engi- 
neers. The chair will be taken at 11 o’clock a.m. by the President. 
The annual report of the Council will be presented to the meet- 
ing. A proposal will be laid before the meeting to give authority 
to the Council to proceed to put the Institution on a satisfactory 
legal basis. At the autumn meeting notice was given of the 
annexed motions to be brought forward at this meeting. The 
following papers will be read and discussed, commencing at 
11.80 a.m, on Thursday ; 7 1 genres J business not then com- 
pleted to be adjourned till Friday morning at 11 o’clock: “On the*| 
Application of Direct-Acting Pumping Apparatus to Hydraulic 
Presses,” —— —q H. Tweddell, of London. “On Continuous 
Brakes for Railway Trains,” by Mr. R. D. Sanders, of B ham, 
“On the Appliances and Operations for Raising the Wreck th, 
at Holyhead,” by Mr. L. M. Kortright, of London, The ballot will 
take place at the meeting for the annual election of Council and 
the election of new members. 
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THE “ INFLEXIBLE.” 

Mr. E. J. REED, in addressing his constituents at 
Pembroke recently, atpents to have detailed very 
fully the history of his connexion with central 
citadel ships and with the questions that have arisen 
respecting the stability of the Inflexible, Ajax, and 
Agamemnon, As his audience comprised most of 
the officers and workmen engaged in the construc- 
tion of the Ajax, his remarks were naturally listened 
to with close attention. We have already published 
a brief summary of the speech from the daily papers. 
A much more complete report has however since 
reached us from a local paper, which we hope to 
publish in extenso next week. Speaking of his first 
conception of citadel ships, he said, ‘‘ Let me say, 
then, first, that it is about ten years ago since I set 
myself thinking at the Admiralty, in what manner 
we should be able hereafter to increase the thick- 
ness of armour upon the vital parts of our ships in 





proportion as the power of the gun increased; and 


I conceived the idea of a ship with a very strongly 
armoured central citadel, with armoured decks a few 
feet below water, covering all the lower ends of the 
ship outside of the{citadel,{and with light unarmoured 
one above the water. I made it an essential con- 
dition that the citadel should be sufficiently large, 
in comparison with the unarmoured ends, to give 
the whole fabric stability, however much the un- 
armoured ends might be knocked about. I prepared 
in the Admiralty a series of about five tentative 
outline designs, and found, as I expected, that the 
best form to give to such a ship was one embodying 
great beam with extremely fine ends. At the request 
of the Committee on Designs which sat in 1871, I 
gave the Committee a general description of this 
kind of ship, and was examined at considerable 
length upon it.” . 

At this time the question of filling in the ends of 
citadel ships with cork first arose. ‘The Committee 
questioned Mr, Reed upon the point, and he, while 
admitting that it might be the proper thing to do, 
attached but little importance to it as a defence 
against modern shell fire. Mr. Reed goes on to say, 
‘Sir William Thompson asked me—all this took 

lace you must remember in 1871, long before the 
exible was designed or thought of—‘ Have you 
any opinion as to what the effect of fire of shells 
would be upon a space stowed with cork ?’ and I an- 
swered, ‘I think it would be to send most of the 
cork out,’ Sir William added, interrogatively, 
‘The space being, of course, protected by inch 
iron?’ and I answered, ‘ Yes, I think that a shell 
from any such guns as we contemplate being brought 
against a es of the kind with 12-in, armour would 
a ye blow out large masses of the cork.’ ” 

These questions and answers are, of course, on 
record in the Blue Book issued with the Report of 
the Committee on Naval Designs, presided over by 
Lord Dufferin, They show at least that Mr. Reed’s 
views on this subject are not of recent growth, or 
manufactured for the patie of the present con- 
troversy. This should be frankly recognised, al- 
though, of course, it does not affect ‘the merits of 
the case. 

Mr. Reed also makes it clear that, from his first 
conception of the central citadel type of ship, he 
considered it a vital point that the armoured citadel 
should contain stability enough to suffice for the 
whole ship ; and also that, upon investigation, he 
at once saw the necessity, if the principle was to be 
carried out advantageously, of making the beam 
very large and the ends of the ship very fine, 

These are important points, because the principles 
here enunciated are exactly those which the recent 
Committee on the Inflexible recommend for adop- 
tion in future central citadel ships, and they are 
likely to excite curiosity and attention from the fact 
that the Committee have made these recommenda- 
tions without the slightest acknowledgment that 
they are identical with those advocated by Mr. Reed, 

o establish his point, that his views in 1871 
agreed with those now put forth by him as to the 
necessity for the armoured citadel having stability 
enough for the whole ship, Mr. Reed says: ‘In 
reply to a question from Lord Dufferin, I used these 
words, ‘ The plan I have renders all vertical armour 
unnecessary except for the citadel. The central 
battery is made of itself of such dimensions and 
rh goer ge that when you admit the water into the 

wand stern compartments of the vessel before 
taking her into action the ship has sufficient stability 
without depending in the least degree upon the 
ends.’ In reply to a question from iral Elliott 
I explained that these unarmoured ends were of no 
importance to the safety of the ship, and added— 
‘It is a matter of perfect indifference how much 
they are knocked about by shot or shell.’” 

To prove that he had found as early as 1871 that 
the best form to give such a ship was one embody- 
ing great beam and extremely fine ends, Mr. Reed 
goes on to say in his address to the Pembroke elec- 
tors: ‘The question of the sort of ship to which 
this system would be applicable then arose in the 
Committee, and I pointed out that the plan re- 
quired a considerable modification of form, and I 
explained the kind of modification which would be 
necessary. I said [to Lord Dufferin’s Committee in 
1871], ‘I found what you might se soy that in 
getting out to the end of your citadel from the 

w you require as hollow a line as possible, in fact, 
a line that will give you a minimum surface,’ adding, 
with reference to the drawing of a ship that was 
before the Committee, and which was not —7 
unlike the Inflexible form ‘ That vessel has not su 
@ line ; she has « rounded long full form,’” 





After this we cannot but think Mr. Reed has just 
unds for his complaint that the Committee have 
en unfair to him because they have used his ar- 
guments and his illustrations laid before them in 
printed evidence without the least acknowledg- 
ment. ‘They recommend the Admiralty to ators 
a new form of ship for vessels of the Inflexible 
type, but they fail to acknowledge that that form 
is precisely the one which I placed in evidence be- 
ee and before the prior Committee of 
Mr, Reed also states that he laid before the Com- 
mittee in printed evidence the dangers which would 
result to the Inflexible from the movement of her 
helm, and drew their attention to the deficiency of 
the longitudinal stability of the ship in the dam 
condition, yet they do not mention him in connexion 
with these matters, but treat them as discoveries of 
their own. ’ 

We have pointed out over and over again the 
want of fairness which characterises the Committee's 
report, and in our last article we showed that they 
had even gone away from the well-established facts 
of the case in their eagerness to shield those re- 
sponsible for the ship. 

If we have not spoken of this feature of the 
Committee’s report so gravely and sternly as the 
occasion seemed to require, it is not because we 
underrate be serious im) pig reed of a in we 
impartial ormance of a high public trust, but 
because we recognised the fact that the Com- 
mittee was too small and too limited in its selec- 
tion to be a powerful or an independent Committee. 
We recognised, what has since been pointed 
out, that it was neither an independent Committee 
nor a Committee of experts, The members of 
the Committee neither reputations in naval 
architecture at stake, nor were they trained to sit in 
judgment on the professional work of men who had 

een in the position to assist them in the past, and 
were likely to be so in the future. We repeat, as 
we have said before, we do not say a word against 
the honour of the Committee, e simply believe 
they were carried away, and that human nature, or 
human kindness, or some other human impulse, got 
the better of their judgments and their efforts at im- 
partiality. Whether psychological and physical phe- 
nomena are 80 far alike that a series of minds tendi 
in one direction across a field of ingens are liable 
to get into synchronism and to develop cumulative 
energy towards one side of the question, we know 
not, but hope to hear the point is receiving experi- 
mental investigation. It may throw some light on 
the Committee’s labours. In the meantime outsiders 
like ourselves who have given the matter their care- 
fulattention, will be compelled to assent to the severe 
stricture passed on those labours by Mr. Reed, when 
he says: ‘* But the Committee have been much more 
unfair to the country and to Parliament than to 
myself, because, while they have been obliged, as I 
foresaw they would be, to give.the most complete 
corroboration to all the facts which the Times and 
myself alleged about the want of stability in the 
Inflexible with the unarmoured ends only damaged, 
they have written sentences in their report which are 
calculated to produce the very opposite impression 
to that which their facts must inevitably create, 
when viewed apart from their fine and buttered 
phrases. Nor can I stop here; I must go further 
and say that the language they employ has been—I 
am sorry to use the phrase, but I must out with it, 
for it is true—cunningly devised to produce an im- 

ression which I am confident the members of the 

ommittee will not dare to seek to sustain if they 
come under the examination of a Parliamentary 
Committee.” 

The Committee’s action in regard to Mr. Reed’s 
ideas of citadel ships would , oy leas extraor- 
dinary if it could be sup they were unaware 
of the evidence given before Lord Dufferin’s Com- 
mittee on Designs in 1871; but as a matter of fact, 
members of the recent Committee were also members 
of the former Committee, and must have been ac- 
quainted with the history of the question. 

It isa curious commen’ on the appointment of 
very small and very select Committees to deal with 

ve questions, that the recent Committee of 
our, in reality only a fraction of Lord Dufferin’s 
Committee, are to commend the whole- 
sale adoption measures which, as members 
of the larger Committee, they only recommended for 
experimental investigation. On the subject of 
gunnery, no less than stability, the small committee 
is far more bold, and so far less safe than the large 
one, Ships are pronounced safe by the small com- 
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mittee with a range of stability about half as great 
as that deemed necessary by the large committee. 
Gunnery questions are decided by the few which 
were only commended for investigation by the 
many. And on what grounds? ‘The only answer 
forthcoming is, ‘‘ Less restraint azainst hasty and 
reckless conclusions.” 

We have before stated that Lord Dufferin’s Com- 
mittee on Naval Designs had a weakness in favour 
of filling in the unarmoured ends of citadel ships 
with cork, but they shrank from recommending it 
for immediate adoption, and advised experiments 
being made to test the effect of shell fire on cork. 
Since that recommendation was made some limited 
experiments have been made, but not on the exten- 
sive scale contemplated by the Committee. Beyond 
these limited experiments the recent Committee 
had no more data to go upon than the former one: 
The results have not been fully published, but 
some light was thrown upon them at the meetings 
of the Institution of Naval Architects by Mr. 
Crossland, one of the Constructors of the Navy in 
1874. Mr. Barnaby had prepared a paper which 
contained, among other things, a brief description 
of the Inflexible. In the discussion on that paper, 
Mr, Barnaby not being present, Dr. Woolley asked 
Mr. Crossland for information as to the results of 
the experiments that had taken place to ascertain 
the effect of artillery fire upon cork. 

The following instructive dialogue took place, 
which is printed on page 21 of the Transactions of 
the Institution of Naval Architects for 1874. 

“Mr, Crossland.— .. . With regard tothe ques- 
tion of the experiments withcork, which Dr. Woolley 
has referred to, I think the object which the Committee 
had in view was, that the band of cork round the 
surface of the ship should be a sort of self-acting 
shot-stopper. It was supposed if shot penetrated 
the cork that the elasticity of the cork would be 
sufficient to close the holes through which the shot 
—— The same sort of experiments were made at 

ortsmouth with a view to try it; but we could not 

et cork of very large dimensions or of solid nature. 
The cork was made up of small pieces with a surface 
of 3 ft. or 4 ft., and 1} in. in thickness. It was 
packed in a tank, and when fired at by a64-pounder 
the shot went right through, took the cork with it, 
and made a hole big enough for a boy to creep 
through. 

“Sir R. Spencer Robinson.—Was that by a shot 
or by a shell exploding ? 

“Mr, Cesnttand.—th was a shot at first. 

* Sir R. Spencer Robinson.—Perhaps you will tell 
us the results of the experiments with a shell. 

‘Mr. Crossland.—We did not fire a shell into the 
cork, ; the shell was fired into canvas and other 
stuff that we put in. 

‘Sir R. Spencer Robinson.—Was that in any 
way snceeantel ? 

Mr. Crossland.—That was in some degree suc- 
cessful. But the cork as tried with that experiment, 
did not prove a success, The tank went down in- 
stantly. As we went down the harbour the cork 
went with us towards the Isle of Wight. With 
regard to the cork as applied to the Inflexible, we 
do not expect to have any such advantage as that ; 
but we expect to get an advantage from its actual 
displacement, supposing the ship is partly pene- 
trated... .” 

Yet in spite of this the Committee, including Dr. 
Woolley, who drew the above statements from Mr. 
Crossland, base those parts of their report which 
appear favourable to the Inflexible on the assump- 
tion that modern shells, not merely the 40-pounders 
referred to by Mr. Crossland, but 600-pounders, and 
the still larger and more destructive shells of the 
future, will only make clean round holes in the un- 
armoured ends of that ship, and will not blow out 
the cork ! 





REPULSION FROM RADIATION. 


Tue published experimental researches of Mr. 
Crookes in a branch of physical science which he 
has made his own, and which he may almost be 
said to have created, have received a valuable ad- 
dition in the very interesting paper which he read 
last week before the Royal Society, an abstract of 
which we print upon another . 

We have from time to time in the columns of this 
journal referred to the highly pteoenen research 
of Mr. Crookes upon what he has named “ Re- 
pulsion resulting from Radiation,” and which arose 
out of an equally philosophical and in some respects 


not less important investigation for determining the | secti 





atomic weight of the metal thallium, which a still 
earlier research had enabled him to discover. 

We may, however, remind our readers that the 
first public announcement of Mr. Crookes’ re- 
searches upon the dynamical effect of radiation was 
made in a paper which was read before the Royal 
Society in December, 1873 (having been received 
four months before), and which was published in 
the ‘Philosophical Transactions” of the following 
year.* ‘This paper, which embodied the results of 
a long and elaborate experimental inquiry, is of the 
highest interest, not only on account of the intrinsic 
beauty and ingenuity of the experiments therein 
enumerated, but because considered in connexion 
with some of the more recent discoveries of modern 
science, and with the later researches of the author, 
it forms the first chapter of an interesting history 
which is a striking instance of how the most im- 
pregnable strongholds of Nature yieldin time to the 
persistent onslaughts of intelligent experimental 
inquiry, each point of vantage ground becoming in 
itself a bastion from which the attack may be more 
effectively directed. In all new researches the 
earlier experiments are more or less a groping in 
the dark, but every small discovery made illuminates 
the ground immediately around it, and every error 
eliminated clears away a portion of the fog with 
which it was accompanied. 

When Mr. Crookes first observed the anomalous 
phenomena mentioned in his paper upon the atomic 
weight of thallium, which were repeated under 
various conditions, as recorded in his first paper 
upon ‘* Repulsion resulting from Radiation,” in which 
it was clearly shown that heated bodies produced 
effects in no way discernible from alteration in the 
weights of bodies acted upon, what could have 
been more natural than the supposition that there 
might possibly be some intimate connexion between 
heat and the force of gravity, even if their identity 
could not be established? but a series of experi- 
ments directed to this aspect of the question proved 
that the supposed connexion did not exist, and that 
causes for the phenomena must be looked for in 
other directions. Again it was seen, as might have 
been expected, that some of the movements of the 
delicate balances employed in the earlier expe- 
riments could be produced by electrostatic dis- 
turbances, and in so marked a degree as to give to 
electrical action a place among the possible expla- 
nations of the phenomena. But again, experiment 
after experiment was resorted to ; the envelope con- 
taining the moving body was enveloped in a wet 
jacket, which was connected to the earth; the whole 
instrument was plunged beneath water and other 
liquids, a protecting shield of copper gauze, also 
earth-connected, was inserted in the case and sur- 
rounded the balance, and still the phenomena oc- 
curred in a regular manner when heat was applied, 
proving conclusively that whatever effects electricity 
might produce in certain isolated cases, it could have 
little, if anything, to do with the cause of the phe- 
nomena in general. 

Another theory was one propounded by Pro. 
fessor Osborne Reynolds, and given in a paper 
read before the Royal Society,} in which he attri- 
buted the action to the effects of evaporation and 
condensation of aqueous vapour within the envelope 
on the surface of the moving body ; but Mr. Crookes 
obtained identical results in an instrument which had 
been subjected to a red heat, and exhausted by the 
Sprengel pump to a point of rarefication at which an 
induction spark refused to across the vacuum, 
the apparatus being repeatedly raised to a red heat 
during the process of exhaustion, By this means 
all traces of moisture must have been eliminated, 
and yet identical results were obtained. 

One of the most plausible hypotheses at this early 
stage of the inquiry was that the action was due to 
air currents within the envelope, caused either by 
convection or by unequal dilatation of the particles 
of the residual gas which must be present, however 
far the exhaustion of the chamber be carried. With 
re to this Mr, Crookes says,{ ‘In favour of 
this explanation it may be urged that a highly 
rarefied gas may be much more mobile than when 
it is denser, and therefore the more rapid inpinge- 
ment of its particles would increase their mechanical 
action. Increased momentum may counterbalance 
diminished number ;” and he then goes on to give 
reasons for doubting the validity of this hypothesis. 
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That was written nearly five years ago, and 
although it applied to the effects of exhaustion upon 
the movements of the particles of the residual gas 
constituting currents, still the reasoning is so very 
similar to that applied to the effects of exhaustion 
upon the movements of the particles of the residual 
gas constituting internal molecular disturbance, upon 
which the most recent theory of the action of the 
radiometer is based, that it is interesting to record 
it in this place as an instance of almost identical 
reasoning brought to bear upon two very different 
—_——s. 

n order to investigate the effects of variations in 
the residual gas, Mr, Crookes carried out what must 
ever be regarded asa splendid series of experimental 
researches, one experiment suggesting another, and 
each result originating a new experiment. In ex- 
amining this chain of inquiry, every link of which 
depending upon those above it, and supporting a 
long series of links below, one is forcibly reminded 
of some of the most celebrated investigations of 
Michael Faraday, displaying as they do an extra- 
ordinarily intuitive faculty on the part of their 
author for discriminating between essential facts 
and accidental phenomena accompanying them. 

One of the earliest but at the same time one 
of the most important discoveries in this investi- 
gation, was what is known as the ‘critical point” 
in the process of exhaustion at which the direction 
of motion of the moving body under the same con- 
ditions of radiation changes its sign, remaining 
neutral for a small range on each side of that 
critical pressure. It was observed that in a vacuum 
tube of which the gauge stood within one millimetre 
of the barometric column, a spiral of platinum wire 
rendered incandescent by the passage through it of 
a voltaic current, appeared to attract a metal ball 
above it, which was attached to a light balance 
within the tube. As the exhaustion was continued, 
this downward tendency of the metallic ball towards 
the heated spiral diminished, until when the gauge 
indicated a difference of but half a millimetre 
between it and the barometer, there could be detected 
only the smallest tendency of the ball to descend. 
Upon continuing the exhaustion, and again igniting 
the spiral, it was foundthat the critical pointhad been 
passed, the sign had changed, and the movement of 
the ball was now in the opposite direction, appear- 
ing as one of repulsion. ‘These experiments were 
among some of the first, and as far as they went 
they showed that asthe exhaustion was continued, and 
the vacuum became more perfect, so the mechanical 
movement became more marked, and it was very 
reasonably supposed that the maximum sensitiveness 
would be attained when the vacuum became absolute. 
More recent investigations however, carried out with 
far more perfect apparatus, proved when the pressure 
is reduced to within a few millionths of an atmo- 
sphere, another critical range of pressure is passed, 
after which the mechanical effect rapidly diminishes, 
ceasing altogether when an absolute vacuum is 
reached. 

The most important experiments in this research, 
and those which led almost directly to the inven- 
tion of the now far-famed radiometer, were those 
made by Mr. Crookes, with the aid of torsion balances 
of extraordinary delicacy. In looking over these 
experiments, a very full account of which is given in 
the “ Philsophical Transactions,”* it is difficult to 
suggest an experiment that will not be found among 
them. There is one series of experiments upon the 
influence of the residual gas ; the apparatus having 
first been filled with various vapours, carbonic acid, 
steam, atmospheric air, iodine, hydrogen, ammonia, 
&c., and then exhausted to different degrees of 
attenuation, the effects in each case being observed 
and noted. Another series of experiments was 
directed to the action of continued and intermittent 
radiation upon the arm of the torsion balance. A 
third series on the effects of interposing in the path 
of the rays of radiation screens of various substances 
possessing different physical properties, interposing 
and transmitting in different proportions, the rays 
of the spectrum of different refrangibilities, The 
results of these experiments are given in a tabular 
form, and they prove that the action of the radiometer 
is by no means confined to the effect of those rays 
which constitute what is commonly called the heat 
end of the spectrum. Another series of experiments 
was conducted to ascertain the relative efforts of 
radiation of the different parts of the solar and 
electrical spectra. The importance to the main 
issue of these ‘spectrum experiments lies in the fact 


* “Philsophical Transactions,” vol. clxy., page 533 
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that it bears directly upon the question which has 
been made such a bone of contention by those who 
appear by their writings to be animated by a desire 
to detract from the value of Mr. Crookes’ researches, 
and to assert their own claims to a share of the 
honours which those researches have won for him. 
It is amusing, if it is not edifying, to notice the 
volumes that have been written to prove that Mr. 
Crookes puts a wrong interpretation upon his own 
results, and that the action of the radiometer is due 
to the influence of heat and not of light. But the 
unfortunate part of their argument consists in the 
fact that the ghost which they are spending so much 
energy to slay is one of their own raising up, and 
that Mr. Crookes has never in these researches, or 
in his published accounts of them, recognised the 
co-existence of heat and light as megan 4 distinct 
and separable from one another. The words “ light” 
and *‘ heat” are sufficiently distinct terms to express 
general ideas, and as such cannot be misunderstood 
or confounded together, but in a physical inquiry, 
such as that which we are considering, there is no 
such distinction between them. Who can say where 
heat begins or where light ends? In the solar 
spectrum, for example, we need hardly remind our 
readers that the visible portion is but a small 
fraction of the whole spectrum, which extends and 
can be detected to a long distance at either end, and 
probably extends a very great deal further than any 
means at present at the disposal of the physicist can 
enable him to detect. Of the) ultra rays, those at 
the violet end possess the greatest actinic or che- 
mical power, while in the ultra red portion of the 
spectrum is situated the heating or calorific rays. 
Between the two, however, lies the visible spectrum, 
composed of an absolutely infinite number of rays 
arranged in the order of their refrangibility. If the 
violet end of the spectrum constitute /ight, and the 
red end constitute Aeat, either there must be a hard 
and fast line separating the two, or there must be a 
field common to both where they overlap. What 
then shall this common ground be called? A term 
is evidently required which shall embrace light 
without excluding heat, and which shall include 
heat without omitting light. For this Mr. Crookes, 
for want of a better word, proposes the word 
radiation, a3 expressing that dynamical property 
producing the effects which he has discovered, and 
which is shared by both light and heat. The whole 
question is one of wave-length, and if the radiation 
were described in terms of wave-length, the words 
‘‘light’’ and ‘“‘ heat” would disappear in discussions 
of these phenomena, 

In these remarks we have called attention to the 
earlier researches of Mr. Crookes as showing the vast 
field of experimental inquiry he has gone over, for 
the purpose of collecting facts, before committing 
himself to any theory of the subject: to quote his 
own words,* ‘‘ I wish to avoid giving any theory on 
the subject until I have accumulated a sufficient 
nuthber of facts. The facts will then tell their own 
tale; the conditions under which they invariably 
occur will give the laws ; and the theory will follow 
without much difficulty.” Since that was written, 
however, the accumulation of facts has been going 
on, and the subsequent experiments of Mr. Crookes, 
to which we shall refer next week, are directed to 
the elucidation of the theory first propounded by Mr. 
G. Johnstone Stoney, F.R.S., and which is so far 
supported by those experiments as to leave little 
doubt that it is not far from the truth. The apparatus 
by which these delicate researches have been con- 
ducted is remarkable for the great beauty of its 
design as well as for the delicacy of manipulation 
with which it has been constructed: by Mr. C. H. 
Gimingham, who has, in this way, been associated 
with Mr. Crookes throughout this research, 





TWO RAILWAY ACCIDENTS. 

> We have before us the reports by Colonel Yolland 
on two railway accidents, which are instructive, as 
they illustrate in the one case the result of running 
trains not fitted with efficient continuous brakes, 
and in the other, the consequence of relying upon 
a continuous brake which is liable to become in- 
operative when running. 

The first of these accidents occurred upon the 
London and North-Western Railway, on the 9th of 
December last, near the Blaby Junction on the 
Leicester and Nuneaton branch of the London and 
North-Western Railway. The circumstances of the 
accident were as follows: A tank engine, running 
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with the coal bunk or wrong end first, was con- 
veying the 6 P.M. mixed goods and passenger train 
from Leicester to Nuneaton; the train was com- 
posed of a goods meat wagon (next the engine), a 
composite carriage, a brake van, and six carriages, the 
first and last of which had brake compartments, 
with one guard in the last carriage. Ata point about 
four miles from Leicester, when running down a 
grade of 1 in 290, ata speed of about 25 miles an 
hour, the engine broke away from the train; the 
driver on finding this incautiously reduced his speed 
to about ten miles an hour, so that the vehicles over- 
took the engine, and a collision occurred, which the 
driver vainly attempted to avoid by increasing his 
speed when it was too late. Six passengers and two of 
the company’s servants were injured by this acci- 
dent, which was due to the fracture of the screw 
coupling between the engine and the goods wagon. 
It arose in fact from a breakaway, one of that class 
of accidents which locomotive superintendents are 
apt to maintain are of such rare occurrence as not 
to demand the adoption of special appliances for 
their prevention, but which in reality are too often 
a fertile source of mishap. Commenting on this 
accident Colonel Yolland makes the following re- 
marks : 

‘* No passenger train can be considered as a well- 
appointed train, which is not provided with the 
means of instantaneously informing the driver of 
the engine in front that his train has separated into 
two parts, or that something is wrong in some part 
of it that requires his immediate attention. I am 
quite aware that railway companies are not required 
by the Act of Parliament to supply a means of com- 
munication between passengers and the servants of 
the companies in charge of their trains because they 
do not run twenty miles without stopping ; but this is 
in fact a matter of common sense, which should not 
require a clause in an Act of Parliament to cause it 
to be done, and of course it is especially necessary 
at night. 

‘‘ The collision would not have taken place at all 
if the train had been fitted with an automatic brake, 
as this would have brought it to a stand-still as soon 
as the coupling broke.” 

It should be observed that the professional 
advisers of the Board of Trade, who are fully aware 
of the deficiencies existing in the present system of 
controlling trains, and who know exactly what is 
required, never fail in their endeavour to impress 
those requirements on railway companies whenever 
the occasion offers, and we are glad to see that 
their efforts are at last producing a good result. 
The necessity for automatic action in a continuous 
brake is at last becoming recognised ; in other words 
the necessity of adopting the Westinghouse auto- 
matic brake, which is the only one that at present 
fulfils the prescribed conditions, is growing daily 
more apparent, 

The second accident to which we referred above 
teaches an even moreimportant lesson. It occurred 
on the 14th December last upon the Cheshire lines, 
and arose from a collision between a passenger train 
and some coal wagons that were being shunted at 
the Stockport station of the Cheshire Lines Railway. 
In this case the 8.45 A.M. passenger train from 
Liverpool to Hull was made up of engine, tender, five 
carriages, and the brake van, the whole train being 
fitted up with Smith’s vacuum brake, The driver of 
the train had used the brake at Warrington station, 
and found that it acted properly, but before 
reaching the Stockport station he discovered that it 
would not act ; in fact that it was useless, having be- 
come uncoupled. He had, therefore, to fall back on 
the other means in his power to stop the train, but 
in spite of reversing his engine and throwing on the 
tender and guard’s brakes, he came into collision with 
some goods wagons that were being shunted on the 
western side of the starting signal. On examining 
the brake he found that a small split pin had fallen 
out, and thus rendered the whole agree use- 
less for the time. This is not the first time 
that the vacuum brake has thus suddenly failed, 
and it is evident that any appliance which may act 
to the best of its ability at one moment, and through 
some small accident, such as the shaking out of a 
pin, become useless the next, is a source of danger 
and not of safety to trains, especially to high speed 
trains. We appreciate at their exact value the quali- 
ties and capabilities of the vacuum brake, and while 
admitting that when in order and when in operation, 
it can stop a train as quickly as any other, itis neces- 
sary to dwell upon the fact that it is slow to get 
into operation, and therefore involves the loss of 
invaluable moments when called upon to control a 





train running at a high speed; moreover, wh‘le 
it, like every other piece of mechanism, is liable at 
any moment to become deranged, such derangement 
stops its action. 

m Colonel Yolland’s remark upon this acci- 
dent on the Cheshire lines, we quote the following : 
‘¢ From the preceding statements it will be seen that 
the collision resulted from the failure of Smith’s 
vacuum brake to act, in co uence of the pin for 
connecting it with the engine having dropped out.” 
And what happened at Stockport with a train run- 
ning at a slow speed, may +? day occur on any of 
the fast trains provided with this brake; or any one 
of the many little accidents to which it, in common 
with all other brakes are liable, may happen, and 
the driver of the train, relying fully upon the appli- 
ance provided for him, may find himself utterly 
helpless, and lacking even the promptness to apply 
the cruder means he had been accustomed to before 
the vacuum brake had been placed in his hands, 
Such was the case when not long ago, just such a 
failure precipitated a train fitted with the vacuum 
brake into the river at New York, Automatic 
action and promptaction are the two first necessities 
of a continuous brake, not automatic action such 
as the vacuum brake enjoys, viz., that of becomi 
automatically useless, if a split pin tumbles out 
a coupling, but automatic action and efficiency which 
form such perry henrgpame of the Westinghouse 
brake, and which have never been found wanting 
on an emergency. 





THE STEVENS TWIN-SCREW STEAM. 
BOAT OF 1804. 
_ ONE of the oldest relics of engineering interest 
in the United States and belonging to the American 
Society of Civil Engineers is the boiler, the engine, 
and the twin screws of asmall steamboat built by John 
Stevens, of Hoboken, opposite New York, in 1804. 
hey are in a remarkably good state of ew 
and, perhaps, with the exception of the boiler, could 
easily be put in working order to-day, 

The boiler is of high-pressure sectional tubular 
construction, and an English patent was granted 
for this boiler, in 1805 to John Cox Stevens, the son 
of John Stevens. ‘The engine is condensing with 
rotating valves, and works the screws through two 
“on geared together. 

. John Stevens, who constructed this steam- 
boat, was a man of great engineering ability and 
foresight. He had seen the early steamboat ex- 
periments of John Fitch, on the Delaware, in 1787, 
and immediately became thoroughly interested in 
the application of steam as a motive power. He 
worked for some time in co-operation with Chan- 
cellor Livingston, who, however, subsequently 
joined Fulton in the construction;of his first steam. 

oat, the Clermont. Mr, Stevens built a steamboat, 
the Phoenix, after the successful operation of his 
small boat, described above, was established, but it 
was not completed till a short time after Fulton’s 
Clermont. 

A re A of the waters of the State of New 
York had then been granted to Fulton and Livingston 
and, therefore, Mr. Stevens’ boats were run on the 
Connecticut and the Delaware, and the Phoenix went 
by sea from New York to Philadelphia, in 1808, the 
first sea voyage made by steam. 

This same John Stevens, in 1812, published a 
pamphlet urging that railroads and steam carriages 
should be preferred to canals and canal boats, He 
asserted his belief that a speed of forty or fifty 
miles an hour might be obtained, but that probably 
in practice it would not be convenient to exceed 
twenty or thirty miles an hour. 

Mr. Stevens died in 1838. His son, Robert L, 
Stevens, is well known as one of the most energetic 
and successful steamboat and railroad engineers in 
the United States. 





THE PENNSYLVANIA RAILROAD. 
No. LVI. 

A FURTHER inspection of Tables XLIV., XLV., and 
XLVL., will show how much more closely the Penn- 
sylvania Railroad freight cars cepa i to the 
average proportions of dead weight to paying load of 
similar stock in this country than a preliminary inves- 
tigation would suggest, and than we have stated some- 
what hastily in a previous article, Table XLII. on 
page 44 ante shows, indeed, except in certain marked 
cases, the difference in proportion rising or falling, 
but not so much as we find on English stock of diffe- 
rent railways(see Table XLII.). The coal and ballast 
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TABLE No. XLIV.—DIMENSIONS, WEIGHTS, AND CAPACITIES OF WAGONS ON DIFFERENT ENGLISH LINES. 
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wagons are indeed considerably heavier, probably 
from the fact, that while the sizes and capacities are 
reduced, the weights of underframes and trucks 
(except in the case of the coal wagons, remain 
ractically unaltered. To arrive at these results 
it is evident that lighter scantling:: are employed 
in the construction of the w ies, since a 
great part of the increased weight is due to the 
two trucks upon which the body is placed. Each 
freight truck weighs about 4600 Ib., or, say, 82 cwt. 
for the two tru The wheels and axles of an 
ave’ English covered wagon weigh 35 cwt., and 
with the hornplates, aprings, &c., which in American 
wag are included in the trucks, say, 2 tons, 
e Pennsylvania box car is 27.5 ft. long, and 
weighs 178 cwt., or 96 cwt. deducting the weight of 
the trucks, this being equal to about 3.5 cwt. per foot 








run of the body. The English covered car about 
13 ft, long, and weighing 100 cwt., or 60 cwt. for the 
body, is 4.6 cwt. per foot run, and a similar com- 
parison with other clssses of stock would show 
corresponding results. ‘This increased lightness of 
framing does not appear to be attended with extra- 
vagant results for maintenance, nor a reduced length 
of life of the cars, The larger dimensions of 
American rolling stock is one of the necessary re- 
sults of the conditions which rule traffic manage- 
ment of American railways. When distances are great, 
and freight traffic neither overwhelmingly heavy 
nor transported at high speeds, and when, moreover, 
the greater proportion is through and not local 
traffic, it becomes more easily and economically 
managed in large than in small vehicles. On the 





other hand, the coal wagons, as will have been 


observed, are of small dimensions, since the class of 
freight is of more local character, and the sm 
stock are more easily handled at the pit mouths 
and the coal breakers, than others of dimensions 
approximating to the more ordinary proportions of 
American railway 8 





THE Davvae.—Alihongh the Danube Steam 
Com is the largest un ertaking of the kind 
still are 

full 
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THE INSTITUTION OF CIVIL ENGINEERS. 
To THE Eprror OF ENGINEERING. 

Sre,—As it was intimated at the annual meeting of the 
Institution of Civil Engineers, held on the 18th of December 
jast, that a special general meeting would be convened to 
take into consideration the future constitution of the 
Society, I beg through your columns to address a few 
observations to the members and associates. : 

I believe that the suggestion of the Council that in future 
the Institution shall consist of four classes, namely, senior 
members or fellows, members (both classes of members to 
enjoy equal corporate rights), associates, and honorary 
members, and that there shall be a class of students 
attached, will meet with general approval, provided that the 
distinction between senior members or fellows and members 
be based upon a definite distinction, such as a certain 
number of years’ membership, and not left to a simple 
selection by the Council. _ ; é 

I believe further that it will meet with general agyevens 
that the presidency should be held for one year only, and 
that a large increase should be made in the number of 
Members of Council. : , 

At the present time the Council consists of : 

1 President. 

4 Vice-Presidents. 
12 Members from the class of members. 
4. pe 5» associates. 

In 1849, besides the President and four Vice-Presidents, 
there were ten Members of Council of the member ciass, 
and two of the associate class. 

At that time the total number of members and associates 
was 596, exclusive of 36 honorary members. In 1871, when 
the number of members and associates had reached 1772, 
an increase was made to the Council which brought it 
up to its present state. 

According to the last report the number of members and 
associates reached 2595 on the 30th November, 1877, and 
at the present time it is probably not less than 2700. If, 
therefore, there were 16 Members of Council, exclusive of 
President and Vice-President, when the Society consisted 
of 600 in all, it does not seem unreasonable that a large 
increase should now be made. There can be no doubt that 
the position of Member of Council is looked upon as one 
of dignity, and when we consider the large number of 
members who are now fully entitled to share in such 
dignity and the very small chance which they now have of 
attaining it, it seems to me only an act of justice that the 


Council should be enlarged and a more rapid promotion 
made possible by limiting the presidency to one year and 
by a different arrangement of the nomination list. _ 

I would, therefore, suggest that the future Council con- 
sist of : 

1 President, to hold the office for one year only. 

4 Vice-Presidents. 

24 Members from the class of members. 

6 em me associates. 

I further suggest that the list of candidates in future be 
prepared as follows : 

1 name for President. Pro- 

4 names for Vice-Presidents. sed 

24 names for members from the member class. y the 

6 names from the associate class. Counci 

Also all such names as shall have been proposed by 
notice in writing to the Secretary four weeks previously to 
the election, and signed by any six members, or in the case 
of associate Members of Counsil by any six associates, and 
that all the names in the list shall be — in alphabetical 
order, and without any distinction of type or otherwise. 

I would further suggest that in future elections all 
members or associates residing in the United Kingdom shall 
have the power of voting by voting papers, sent in closed 
envelopes to the Secretary, and deposited by him in the 
ballot boxes. . 

In order to carry out this it will be necessary to obtain 
an alteration of the c er. his, indeed, it appears to 
me must be done under any circumstances. 

I believe Mr. Hawksley was perfectly correct in the 
statement he made at the annual meeting last December 
that the present charter does not admit of a class of asso- 
ciates who are not engineers by profession, and who have 
not equal rights with other members, andI look upon it as 
essential to thesafety of the Institution that this difficulty 
be at once met by an alteration in the charter, and at the 
same time I suggest that provisions be made for increasing 
the number of the Council as above proposed. 

Your obedient servant, 
5 J. A. LONGRIDGE. 

3, Westminster Chambers, January 16, 1878. 








THE SEWAGE QUESTION. 
To THe EpiTror oF ENGINEERING. 

S1r,—In your “‘ Sanitary Summary for 1877” you take 
a less hopeful view of the present position of the oogage 
question than I venture to think the circumstances of the 
case warrant, as you in effect say that irrigationists are 
beaten, precipitationists are silenced, and both chemistry 
and engineering are baffled by the question. 

Whenever this question has been discussed, it has too 
frequently degenerated into a contest between the repre- 
sentatives of rival systems who refusejto concede that there 
is any merit in that which differs from theirown. The 
agricultural and sanitary aspects of the subject have also 
not been kept sufficiently distinct, and this element of 
confusion has been added to the wide divergence of opinion 
existing. The subject, however, when studied carefull. 
and impartially, is governed by rales whitch are now we 
enough defined to enable the financial failures and disap- 
pointments to be avoided which have occurred, and are 
occurring, where these rules have been di ed. 

The failure, however, both of chemical and irrigation 

stems, to realise the (anticipated pecuniary advantages, 

though attended with disappointment, must be recog- 


nised as having given us an amount of experience which is 
ee to those who have now to advise on sewage 
matters. 


I find that there is a steadily perme Ae pe that | g 


neither tion nor precipitation alone f the require- 
ments of all cases, and that a combination of the two in a 
greater or lesser degree, according to the circumstances of 
each place, afford the best results. 

Chemical treatment is a useful preliminary to the utilisa- 
tion of sewage where land cannot readily be obtained, as it 
enables complete purification to be effected with the aid of 
a very small filtering area, the two admitting of adjustment 
> “or to the amount and nature of the ground obtain- 
able. 

Irrigation alone should not be adopted where land cannot 
be obtained in sufficient quantity and at a reasonable 
price, where there would be a difficulty in enlarging the 
area in the future to meet the growth of femmes where 
the sewage cannot reach the land without heavy pumping 
or very long and expensive outfall sewers. 

Many of the practical difficulties encountered in dealing 
with sewage on land alone would have diminished or even 
disappeared had those concerned =o an auxiliary 
in the shape of chemical treatment. though experience 
in the treatment of sewage by — is not so 
extensive as that by irrigation, and although the false 
expectations that were held out as to the high value 
of the resulting manures have greatly retarded progress, 
yet sufficient advancement has been made to show that an 
efficient precipitation process will sufficiently defecate and 

urify sewage for admission into streams, and that it can 
e carried on without nuisance, and at a cost such as towns 
may reasonably be expected to bear. 
Tam, Sir, your obedient servant, 
Henry Rosrnson, M. Inst. C.E. 
7, Westminister Chambers, January, 24, 1878. 


CONTINUOUS GIRDERS. 
To THE EDITOR OF ENGINEERING. 

S1r,—In ENGINEERING for January 4th Mr. Fidler 
gives a very elegant geometrical method of determining the 
bending moments in a continuous girder. He ap is 
however, to exaggerate the difficulty of treating problems 
of this kind analytically. A little care in the choice of our 
analytical tools will generally save much of the ‘‘ Herculean 
labour’ of which Mr. Fidler Pong As an illustration of 
this I venture to send you the following proof of Mr. 
Fidler’s method. 

Let # be the abscissa defining any point of the girder, y 
the deflection measured downwards of that point under the 
forces acting upon the girder. Then we know that for any 
span uniformly loaded 


y=a+b otis 








da ,ex* 
an ie 

We shall first examine two cases of a girder of single 
span, and then compound these into a continuous girder, 
with as many supports as you please. 

Case I.—A girder without weight is supported at A and 
B, a bending couple is applied at B. Taking the origin at 
A we shall have 


3 
y=b ote 
for when #=0 we have y=o and ay =0; also, since the 


beam is not londed ¥ is constant. If Bbe the bending 
fd 


couple at B then B=E, ed where E; depends on the 
xv 
section of the girder A B, let AB=], 
Then since when #1, y=o, and dy _B we have d= 


ae E, 
B and b= — Bu 
LE, 6E, 
dy _, Bl, ady Sh 
hi —* (at B)=} — and —* (at A) = ——. 
whence aa =} E, an dae ) 55, 


Case II.—A single girder ery yy bar my and supported 
at A and B, we easily find, that if c, be the bending couple 


at the middle point, 2% (at the ends)= +4, 
dz E, 


Now consider the case of a series of girders, AB, BC, 
&c., of the same section or of variable section, each — 
uniformly logded. At B apply to AB and to BC eq 
and opposite couples B, so at C.D, &c. It is clear that the 
deflection of any point, and the stresses at any point, will 
be the sums of the deflections and stresses calculated sepa- 
rately from the bending moments supposed to act at its 


extremities and fromthe load. If then we so choose B C— | wire-drawing. 


that the girders have common tangents at BC—we may 
connect the girders into a continuous girder, and regard 
BO, &c., as the bending couples of the continuous girder. 
That this may be the case, 
BiG) 476 _B_Os)ls, ge, 
(3 3 a3 6 3/8,’ 

In the case proposed E,—E,=&c. : 

B=—BV and C,=E F, using the letters on Mr. Fidler’s 
diagram, and we have: 

(GH—G H' (l.=—(KL'—KL) l,, &c., 
the result to be proved. i 

It is evident that Mr. Fidler’s solution requires very 
slight modification to adapt it to the case when the succes- 
sive spans have different sections. 

To treat any continuous girder on n supports and loaded 
in any manner only demands that we examine each span 
separately, as though unconnected with its neighbours, 
and then solve n—1 simple simultaneous equations. 

T am, Sir, yours truly, 
J. HoPKINSON. 





4, Westminster Chambers, January 21, 1878. 


THE MOUTHS OF THE MISSISSIPPI. 
. To THE EprrTor oF ENGINEERING. 

Srr,—As . of your readers me py aay in be 
eepening operations now in progress a’ Pass 
the ar I have the honour to inform for their 
in Sentence mee 

ne right, of the Uni eers, in 
a report* (a copy of which I inclose pe Some to the 

of War, Washington, state that Captain James 

B. Eads is entitled to receive his second payment of 
500,000 dols., having obtained in the said Pass, from the 
main river to the sea, by the action of jetties and gens | 
works (including dredging), a channel 22 ft. in depth 
200 ft. in width. 


The magnitude and vast importance of the engineering 
achievement obtained by Captain Eads at the mouth of the 
Mississippi in the short s of two years and a half, can 
only be fully appreciated by those who have visited the 
ground, as I have done, when the = of water at the 
mouth of the South Pass was only 8ft., and when it was 
less than 15 ft. at the head of the Pass where it leaves the 
main river. 

I may mention that General Barnard in a letter to me 
from Port Eads on the Ist inst., states that all the ‘‘ hea: 
draught steamers of New Orleans are going out here, an 


nearly all shipping comes in, though some light draught 
pea. A (in t) still take the foo Wort Pass. An 
in carrier—has just passed up light, 


English steamer—a grain 
fully loaded she draws 22 ft. or 28 ft.’’ 
I am, Sir, your obedient servant, 
Cuarizs A. HarTuEy. 
20, Pall Mall, S.W., January 21, 1878. 


GREENWICH AND POPLAR HORSE STEAM 
FERRY. 





To THE EDITOR oF ENGINEERING. 

Srz,—It is quite time this matter should be settled ; 
still if ‘‘ Competitor” can learn anything however indefinite 
he ought not to complain. 

Per’ you will permit Mr. Robert Bruce Bell, M.I.C.E., 
to inform us, thro the medium of your columns, the 
date at which he sent in his report, and the names of the 
gentlemen concerned in the matter and who are responsible 
to the competitors. Your j 80 a 

demand a signed docu- 


tion that you have the power to 

ment ome ol particulars, and the date at which the 
award will made, before inserting an advertisement of 
this nature, and should you in future follow this course 
you will correct some of the abuses of the competitive 
system. We are of course foolish to send in designs only 
on the understanding that the award will be made as soon 
as age orgy | but —_— ant die ; 
think e opportunity of distinguishing ourselves 
should not be lost. I, for one, have by experience learnt 
that you are quite justified if you ‘‘ write me down 

London, January 21, 1878. An Ass.”’ 


THE STEAM TREE FELLER. 
To THe EprTor oF ENGINEERING. 

S1n,—Referring to the description in your last week’s 
issue of a machine for felling trees, the writer wishes to 
observe that he saw a similar machine in the United 
States so far back as the year 1861. 

Yours truly, 
SamvuEL Worssam. 





Chelsea, January 23, 1878. 


COLLMANN’S VALVE GEAR. 
To THE EDITOR OF ENGINEERING. 

S1r,—Referring to the letter of Mr. Collmann in your 
last issue, it is clearly a mistake to su that the valves 
on his engine can close as rapidly as the Corliss valve, and 
it also seems an error to say t his has neither 
‘ rings nd bul oie velven ove cooei:hy'epeiten pa 
8 ers. e valves are by 5 as 
Mr. ollmann describes, and the valve seati are the 
buffers which arrest the closing movement of the valves. 
I think it would be far better to fit right ‘‘ buffers’ in the 
right place, for without them the speed of closing must be 
very moderate, or else the valves will soon hammer them- 
selves and the seatings to pieces. Indeed, Mr. Collmann 
appears to have found this to be the case, for he says in his 
letter that experiments have shown ‘‘ that one must already 

against the valves closing too quickly when con- 
structing the gear.”’ 
practice the double- ve mus 

In tice the double-beat val t be brought to 
rest gently on its seating, and it follows that instead of the 
steam being cut off sharply, there is a certain amount of 

i i Now the Corliss valve can be closed and the 
steam be cut off completely, before the closing movement of 
the valve is arrested by the buffer ; this vane so, it must 
be apparent that it is all nonsense to say that the Corliss 
valve cannot close and cut off the steam more rapidly than 
Mr. Collmann’s valve ; and that the Corliss valve and gear 
may be worked at a higher speed than Mr. Collmann’s I 
have not the least doubt. 

Mr. Collmann’s gear is ingenious, and the details well 
worked out, but it is of the same nature, and has the same 
‘* grave faults’’ as cam gearing, without any compensating 

vantage over it ; cams with variable contour traversing 
on the cam shaft by the action of the governor, would be 


as good, perhaps a better meg og orm en! it would give 
just the same result, the same ‘ ined’ motion, with 
ess complication. As cams are required for the exhaust 
valves, I sup’ there could be no o! ion to use them for 
the steam valves also. 

Yours truly, 


Wit11am INGtis. 





Bolton, January 22, 1878. 











(* We publish this report on another page.—Ep, E.] 
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STEVENS’ 


THE TRANSMISSION OF SOUND. 


To THE EpiTor oF ENGINEERING. 
Srr,—For some time past Ihave been experimentin 
with the view of transmitting articulate sounds ee 

wires without the aid of electricity or magnetism. 

I have now been quite successful, my experiments prov- 
ing that the sounds of the human voice can be carried by 
vibrations through considerable lengths of wire. 

Last night conversation was carried on with ease between 
four individuals situated in different rooms. Piano music 
singing, laughing, and breathing were all clearly trapsmitted 
to the ear. The whole distance would be about 50 yards. 

The communication was effected by means of a mouth- 
piece with a vibrating disc in connexion with the wire. 

Tam, &c., 
W. J. Mriuar, C.E. 
Glasgow, January 19, 1878. 








THE ABUSE OF THE STEAM JACKET. 
To THE Eprror oF ENGINEERING. 

Srr,—In answer to a letter signed ‘‘ Albert Victor,’’ in 
your journal for 11th January, 1878, under the above title, 
allow me to say, that at present I do not possess the 
disposition, much less the time, to repeat my remarks on 
this subject in a condensed form, so as to comply with his 
somewhat unreasonable request. I may, by your permis- 
sion, Mr. Editor, have something to say on a kindred 
subject to the above ere long, but in the meantime I shall 
deem it a favour if your correspondent will point out the 
** questionable statements”’ that are contained in my letters, 
and equally pleased if he will refute the same ; indeed, I 
cannot understand his reason for not doing so before now, 
seeing that the first letter appeared in August last, and the 
third letter in November. 

I fancy he will find it easier to reply to the letters as 
they stand, than if they were condensed. 

I quite a with your correspondent where he says 
that the ‘‘ design and construction of the portable engine 
is a very interesting one.”’ I recollect the time when the 
portable engine was sneered at by many engineers, and was 
classed with road rollers, root pulpers, chain harrows, 
and such like implements; now, however, it occupies its 
true position in the ranks ; the engines turned out by many 
firms are in most points creditabl ®, while it would be 
difficult to find more evidences of careful designing, com- 
bined with good workmanship, on eny machinery than is 
found on the portable engines of two or three firms, whose 
names n not be given. I take advan of this 
opportunity for expressing the pleasure I should feel if the 
Editor of this journal would illustrate a first-class modern 
portable engine in the clear and complete manner in which 
most subjects are here treated ; in , ENGINEERING is 
justly celebrated for the thorough manner in which all 
subjects are dealt with in its pages. 

I am, Sir, yours truly, 
F. RB 


P.S.—Iha _arly forgotten the other subject mentioned 





(For Description, see Page 69.) 


Side Eleration 


in “‘ Albert Victor’s’”’ letter, viz., crankshaft brackets for 
portable engines. If he will kindly refer to this journal of 
the date mentioned in his, as pose Aw my letter on this 
subject, ENGINEERING, Ist December, 1876, he will there 
find at page 467 a cast-iron bracket, which will furnish “a 
basis,”’ for him ‘‘to compare with those made in wrought 
iron.”’ 

IT have the satisfaction of seeing the views then proposed 
now being carried out in practice on the engines of two of 
our leading firms, who at one time used these stays between 
the cylinder and the brackets; but who, at the late 
Smithfield Show, exhibited engines without them. I con- 
sider Figs. 5 and 6 (which I shall be glad if you will 
reproduce from page 465 of your twenty-second 
volume) to represent a good wrought-iron bracket when 

















Fug. 6. 


oS 6-6 «6 








made withont the dovetail, and minus the stays, in 
which manner they are often now turned out by the 
makers. My opinion still is, that the stay principle of 
construction is a mistake—the object gained by its use is a 
myth—and the designer of the system most surely ‘‘ strained 
ata gnat and swallowed a camel.’”’ T ing you, Mr. 
Editor, for this favour.—W. M. F. R 








THE FAIRLIE ENGINE. 
To THE EpITorR oF ENGINEERING. 

Srr,—I have seen a letter in your last issue signed by 
Mr. wean — he — I ~~ ye = nae the 
Sharp, Stewart engines sent out the Iquique Railway 
had proved a complete failure.”’ 

I regret that I am obliged to contradict this statement ; 
what I did say was that so far from the Sharp, Stewart 
engines being a failure they were a decided success. 

By inserting the above in your next issue yon will greatly 
oblige Yours y; 

Joun T. Norru. 





The Cedars, Peckham Rye, Jan. 22, 1877. 








TWIN SCREW STEAMBOAT OF 1804. 
































NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Russian Orders for Steel Rails.—A local newspaper 
announces that a Sheffield firm has just secured a fresh 
Russian Government order for 15,000 tons of steel rails, a 
like order having been placed with a concern in the North 
of England. 


Clay Cross Sewerage Scheme—In respect of this scheme 
the Clay Lane Local Board have received a report of con- 
siderable length from their engineers, Messrs. Coke and 
Mills. This report says that Clarke’s contract in Wing- 
field-lane is now completed. In the New Market-road 
Hudson’s contract is also finished, and the outfall sewer 
lengthened in order to obtain land more favourable for 
irrigation purposes. A storm overflow and an aqueduct 
have yet to be completed. Holme’s contract on Danesmoor 
has been delayed by the contractor for building the culvert, 
but is now eas well. The outfall sewer still remains 
to be extended to the irrigation land, and a tank has yet to 
be built for delivering the sewage. 


The New Fitzwilliam Colliery near Hemsworth.—The 
New Fitzwilliam Colliery, which is being sunk near Hems- 
worth (in the Pontefract district) b r. R. Fosdick, is 
now making fair progress, although great difficulty has 
been experienced in surmounting the inconveniences cau 
by a great influx of water into the shafts. In one shaft 
coal was reached some time ago, and the other is now within 
about 30 yards of the seam. 


The F Boat Dock at Hull.—At last week’s meeting 
of the Hull Dock Committee, a report was presented by 
the borongh engineer, Mr. Sharp, as to the best scheme for 
filling up the ferryboat dock. Mr. Sharp was of opinion 
that scheme No. 4, with a timber quay substituted for the 
previously suggested concrete wall, and costing about 
30,0001., would be the best and cheapest to carry out. It 
was resolved, after some discussion, to print Mr. Sharp’s 
report, and that of Messrs. Sacre and Sisson, on the subject, 
and to circulate both amongst the members of the corpora- 
tion and of the committee. It was resolved, further to 
sell the land on the east foreshore, subject, to a rent charge, 
instead of absolutely, 


The Sanitary State of Wetherby.—A long letter from 
the Local Government Board was read at last week’s meet- 
ing of the Wetherby sanitary authority, relative to the 
sanitary state of the district. The letter expressed an 
opinion that any action taken by the local authorities 
under section 70 of the Public Health Act, must be sup- 

lemented by the provision of a supply of wholesome water 
or the inhabitants. The accordingly calls on the 
sanitary authority to provide a proper supply. Arrange- 
ments are also requested to be made for the disposal of the 
excremental and liquid refuse of the town, as well as for 
the prevention of the spread of infecti di . The 
chairman of the authority said they could not see their way 
to draining the town on account of the great expense. He 
thought the inhabitants had better forma local board and 
take up the question themselves. 
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THE RADIOMETER. the latter metal is principally acted on by the luminous | vice versd. Here, for instance, chromic oxide is optical! 
Oo Deeks ee ae “Tables X: and X.a give the results of an examination of a . 

Tans gape commenso wth on experimental investiga |[o"Mche" Tha'eione hecaide sk aide alee | dust tipo Nek alloted te 
tion of the amount of repulsion produced by radiation on tacit different, states are to the standard candle | tourmaline nee seed 4 lade sae 
discs of various kinds, and coated with different sub-| after being submitted to the action of iam light, | was ; possible that the repulsion b very 
stances. The torsion apparatus for this purpose consists sunlight, and daylight. The results show age ily a | according to the of polarisation of the ray. 
of a straw beam, suspended by a fine glass torsion fibre. in the state of the surface is detected by an in- | Three of ts are given in and 
At one end of the beam is a rod downwards, creased amount of repulsion under the influence of radia- | the results discussed ; final being the 


capable of — six experimental discs in a vertical row. 
The other end of the beam is furnished with a pan and ad- 
justable weights, to balance the varying weights of the 

iscs submitted to radiation. A standard candle, at a fixed 
distance from the dises, supplies the radiation, and the 
amount of movement under its influence is measured by a 
ray of light reflected from a mirror on the beam to a gra- 
duated scale. An appropriate arrangement of screens 
enables any selected disc to be experimented on without 
the ethane teing affected, and a standard lampblacked disc 
being always —-* the results are capable of inter- 
comparison. he beam, torsion fibre, , &., are 
sealed up in glass, and the whole apparatus is attached to 
a mercury pump, capable of carrying the exhaustion to any 
desired point. 

The a powders are mostly chemical precipi- 
tates, laid on the surface of mica or pith discs as a water 
paint, no cement being used to promote adhesion. In 
other cases the substances are punched, cut, or filed into 
the shape of discs, 17.25 millims. in diameter. 

The exhaustion, which has to be effected after each 
change of the experimental discs; is carefully brought to 
the same de; oth by actual measurement on a McLeod 
gauge, and ¥ getting the same repulsion on the standard 
black disc. In this way all the different results are fairly 
comparable one with the other. The presence of aqueous 
a must be specially guarded against by means of 
tu 


8 woe J phosphoric anhydride. 

The effect of residual gas in tending to equalise the 
amount of repulsion on variously coloured surfaces is shown 
in an experiment with pith discs, one being lampblacked 
and the other retaining its natural white surface, the 
standard candle being at the same distance in each case. 
When the exhaustion is good enough to cause a fair re- 
pulsion, the ratio between the amplitude of swi 
(measured by the index ray) when the black is exposed an 
that when the white is exposed is as 100 : 55.5; at a little 
higher exhaustion the ratio is 


Black White 100 42.5 ; 


at a still better exhaustion (at which the experiments are 
usually tried) the ratio is 


Black White 100 35. 


The results of the quantitative examination of the re- 
pulsion resulting from radiation when falling on about 
100 different substances are given in fourteen tables. Each 
table is in three columns, the first consisting of the names 
of the substances experimented on ; the second the amount 
of repulsion observed, reduced to the standard of 100 for 
lampblack ; the third column gives the repulsion observed 
when a water screen is interposed, reduced to the same 
stan: 


Table I. gives the results of the examination of black 
powders. Compared with lampblack=100, these have an 
ave value of 92.2, which becomes 99.1 by the interposi- 
tion of water. 

Table II. contains white powders. These have an 
average value of 33.5, which is reduced to 8.3 behind 
water. The powerful absorption for the invisible heat 
rays which white powders exercise is somewhat remarkable. 
Assuming that the ultra-red rays from a candle are almost 
entirely cut off by a water screen, the comparatively 
strong action (33.5) produced by the naked flame must be 
mainly due to the absorption of the invisible heat rays ; and 
when these are cut off by water the action is diminished 
nearly fifty times. With black powders the water only 
diminishes the action about eleven times. 

Table III. gives the red powders. Amongst these pre- 
cipitated selenium is noteworthy. To the naked flame its 
value is 35.8, but when a water screen is interposed the 
action becomes 69.5, in comparison with standard lamp- 
black—100. Omitting selenium, the mean action on red 
powders without a water screen is 32.2, and with a water 
screen, 24.9. 

Table IV. gives the brown powders. Amo: these, 
peroxide of thalliam is remarkable as being repelled under 
the influence of radiation to a greater extent than any 
other body hitherto examined, its value being 121.7, in 
comparison to lampblack=100. Brown powders behave 
most like black, the ave: of the columns without and 
with a water screen being 92.7 and 94.5. 

Table V. gives the yellow a, Among these an- 
hydrous tungstic acid resembles scarlet selenium in its 
anomalous action, the figures being without water 50.8 and 
with water 72.2. The averages of the other yellow powders 
are 35.7 and (behind water) 13.8. 

Table VI. gives m powders. These show some dis- 

c cies, which will be referred to farther on. 
_ Table VII. givesthe blue powders. The action on these 
is of interest, as showing a much stro proportionate 
action behind a water screen than with no screen, the 
ay s being 55.8 and 65.2. 

Table VIII. gives the action on dyes and ee 
matters of organic origin. Among these may be noti 
saffranin, and a product of the decomposition of chlorophyll, 
which act differently to the others. 

Table IX. gives the action on metals prepared in dif- 
ferent ways and coated with lampblack, mica, &c. Curious 
results are shown with iron and with gold, the former 
metal chiefly absorbing the invisible heat rays,’ whilst 


Lee reat before the Royal Society, 





* Abstract of 
January 17th, 1 








tion. 

Table XI. gives the results of an examination of selenium 
discs. These are of two kinds, the vitreous and the 
crystalline. The latter is in the state most sensitive to 
light action. With the crystalline disc results have been 
obtained which seem to show that the impact of light on 
is seats peenen 4 ee eee there and in 
the adjacent gaseous molecules, which takes some time to 
subside. This is connected with the change in electric 
conducting power of — selenium—a c' which, 
when the ent is erred from light to ‘kness, 
takes some time to subside. 

Table XII. gives the results of the action of radiation on 
vane “gen od — do —_ come =< of os 
oregoing , such as pith, mica, c glass. 
The complicated nature of these actions is well shown in 
the results given by three pith discs, the first being plain 
white, the second lampblacked on the front, and the third 
lampblacked on the back. The first is repelled with a 
power of 17.7, the second (the standard) with a power of 
100, whilst the third is not moved at all. The repulsion 
exerted on the white surface must be the same in each 
case, but the pressure of — behind the = causes 
a radiation of heat from the back surface, which produces 
—- pressure just sufficient to neutralise the pressure 
in front. 

Experiments are shown in this table with mica, both 
plain and roasted, and covered on one side or -the other 
with lampblack. The results cannot well be described in 
abstract. 

To show that physical condition has more effect in causi 
repulsion than chemical composition, results are given wi' 
various kinds of charcoal. It is shown that the repulsion 
suffered by cocoa-nut shell charcoal is much less than that 
by — > being only 11.6 against17.7. At the same 
time, a radiometer made of cocoa-nut shell charcoal, lamp- 
blacked on one side, is only moderately sensitive, instead of 
being superior to one made of pith lampblacked on one side. 
The low figure shown by the charcoal is caused by its density 
enabling it to conduct heat from one surface to the other. 
Molec pressure is, therefore, generated on both the 
back and front surfaces, and the figure given is simply the 
difference between the two opposing actions. Experiments 
show that this explanation i8 correct. 

Besides water, other screens are used to filter the radia- 
tion of the candle before it falls on the discs. Water is, 
however, preferred for several reasons. It is almost per- 
fectly opaque to the invisible heat rays, and, therefore, its 
employment allows easy discrimination actions 
due to heat and to heat and light combined ; secondly, it is 
colourless, and’ having no ive action on any visible ray 
of light, it can be used in conjunction with any coloured 
powder without complicating the results. Alum acts in a 
similar manner to water ; coloured solutions act as water 
with a superadded action due to their colour. Very thick 
plates of glass have less action on the invisible heat rays 
than a thin layer of water. Sulphate of copper is so weak 
a solution as to appear only lightly » has a very 
strong action when artificial light i ,» as it cuts off the 
lowest visible red rays as well as the ultra red. 

After having given the tabulated results of the examina- 
tion and discussed the different actions, the author finds 
re the substances experimented on may-~ be divided into 

wo : 
1. In which the repulsion behind water is greater in 
proportion to the stan than when no screen is present ; 
and, 2, in which the repulsion in proportion to the standard 
is less behind water than when no screen is present. 
Amongst class 1 may be mentioned cop tungstate, 
saffranin, scarlet selenium, and copper oxalate ; these are 
more affected by light than by invisible heat. Amongst 
class 2 may be mentioned pale green chromic oxide, per- 
sulphocyanogen, zinc oxide, barium sulphate, and 
calcium carbonate; these substances are more acted on by 
the ultra red rays than by the luminous rays. 

From the results given in these tables the author has 
been led to the construction of several radiometers which 
afford ocular proof of the general correctness of the indi- 
cations given by the water screen. Thus, a radiometer 
made of pith discs coated on alternate sides with chromic 
oxide and precipitated selenium, moves in one direction to 
the naked e of a candle and in the other direction when 
a water screen is interposed. A similar radi coated 
with saffranin and _———- zine oxide does not move at 
all when exposed to the naked flame, but revolves when a 
water screen is interposed. A radiometer coated with 
thallic oxide and Magnus’s green platinum salt moves 
strongly when no screen is interposed, but is stopped uy Ae 
water screen. Many other instruments ha similar be- 
haviour to the above are described, and their actions dis- 
cussed and explained. f ing experiment is given ; 
a pith radiometer, coated with cipitated selenium an 
chromic oxide, is exposed to the ion from a colourless 
gas flame from a Bunsen burner, coloured yore faern 
by thallium. To the eye, by this light, the c' oxide 
looks nearly white and the {scarlet selenium black. The 
rotation due to the superior repulsion of the chromic is, 
however, apparently as strong as when the non-luminous’ 
flame is used. This isa that the train of reasoning 


the author has emplo: on former occasions is correct, | li 


viz., that certain substances havc an absorptive action on 
rays of dark heat opposite to what they have on light, and 
that an optically white body may be thermically black, and 


negative rotation, according 
the my a yovsg my oA ig * Aes 
en the plates are » bu supporting arms 
are bent so as to present more of one side than of the other 
to the bulb, as shown in Fig. 1, the fly rotates under the in- 
fluence of radiation in the direc- Fic. 7. 
tion of the arrows, even w 
there is no difference. een one A 
surface and the other. It is shown 
that the favourable presentation 
of the surface of the vanes to the 
inside of the bulb has more in- 
fluence on the movement than has 
the colour of the surface. Ex- 
riments are described with ra- 
iometers of the form shown in 
Fig. 1, and made of thick and 
thin mica, pith, aluminium bright eateeame 4 
on both sides, and aluminium 
blacked on one side. The action of light and of durk heat 
is given. The negative rotation set up in the fly when it is 
cooling from a high Saeco, and the anomalous be- 
haviour of the ‘‘ favourably presented’ radiometers when 
immersedin hot air or hot water, are examined. It is 


found that when a hot metal ring is applied to the equator of 
the bulb, the direction of rotation is always positive; and 
that when a hot ring of a smaller diam is applied to 


the top or bottom of the bulb the dirsction of rotation is 
always negative. The direction of movement when the hot 
rings are removed and the fly is cooling is positive with the 
aluminium vanes, and negative with the thin mica and pith 
vanes. The positive rotation, when the bulb is heated equa- 
torially, is independent of the material of which the fly is 
made, It is caused by the hot ring of glass generatin 
molecular pressure, which radiates towards.the centre, an 
strikes the sloping vanes, Sen sonet as if a wind 
were blowing on them. The 
‘* favourably presented’’ radiometers 
paper, but it is difficult to reproduce the explanations 
in abstract without the aid of the diagrams which accom- 
pany the paper. 

investigated the simplest form of fayourabl 
presented vanes, the author ibes experiments wit 
metal and other cones, cylinders, and cups. An abstract 
of some of these ts was given in the Proceedings of 
the Royal Society for November 16, 1876, No. 175, page 
313, but -it was stated that the “‘molecular pressure’ 
t seemed; incapable of accounting for some of the 
movements there observed. Further experiments have now 


when a candle 
side of a cone or cup-vaned radiom eb 
screened off the retreating side. When light on the 
hollow side of a cone-s vane, some 
lost, but some is absor' and is converted into heat of 
temperature. Aluminium being a good conductor of heat, 
pra sae abe —— — t, it becomes 
equally warm throug’ 5 a layer of molecular pres- 
sure is formed on each surface of the metal. ‘ue we 
haustion th i is not 
sufficient to side of the 
o- bulb. As the exhaustion increases, this layer extends 
urther from the —_— surface, until at a sufficiently 
i the between the side of the glass 


adjacent portion of the 


‘ore, pressed 
from behind, although 
were attracting them. 
radiometer, the fly of which is furnished with four 
bright aluminium cups, rotates in the light as well as a flat 
vaned instrument on one side. ts are 
described with = oo i ~ ~ the 
mercury pump, an observations of pressure avd re- 
volutions per minute under the influence of a standard 
candle are tabulated and drawn as 

in 


the air 
number 


ttle millionths, 
sinks, until at about 1 millionth it is less than 
maximum, and at 0.2 millionth the radiometer 





turn even when five candles are put near if. 
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The concluding portion of the paper is devoted to an ex- 
produced in highly rarefied 


amination of the movements 


something like 1,000,000000,000000,000000 (one thousand 
trillions). Now when this number is divided by 0.4 million, 
there are still left 250,000000,000000 molecules in 


sloping like the vanes of a windmill, are exposed to the | cubic centimetre of gas at the highest exhaustion to which 

action of a ring of platinum, placed just below them, and | these iments have been carried. ‘o hundred and 

rendered incandescent by a current of electricity. The illions of molecules in a cubic centimetre appear 

object has been to produce the molecular pressure nM very | a sufficiently large number to justify the supposition that 

intense heat which would not have to pass pean, elas, when set into vibration by a white hot wire they may be 
in the 


and to allow it to act on vanes which are 
most favourable 
the molecular pressure. 


the contrary direction. In the 


nt 
™ 
P . 


( 











With the apparatus full of air at the normal pressare 
the direction of rotation, both of the vanes and disc, is 

itive when the platinum wire is ignited. This is pro- 
Pably due to the ascending current of hot air. 

At a pressure of 80 millims. the disc does not rotate. 
The vanes rotate positively, but slowly. 

At 19 millims. no movement whatever takes place. The 
dise and vanes are as still when the wire is heated as when 
it is cold. 

At 14 millims. the disc remains stationary. The vanes 
move slowly in the magove direction. : 

At 1 millim. the dise rotates in the positive direction 
slowly, whilst the vanes rotate negatively rather fast ; both 
dise vanes now rotate in the same direction. 

At a pressure of 706 millionths of an atmosphere the 
direction keeps the same as at 1 millim. in each case, but 
the speed is greater. ; : 

At 294 millionths, the speed of the disc and vanes is 
exactly alike, both rotating together in the same direction. 
Up to this pressure and at some distance beyond, the vanes 
have been diminishing whilst the dise has been 
i ressure of 141 millionths the 
idly, positively, but the vanes do not rotate 
ittle higher exhaustion than the last, viz., 
at 129 millionths, a great change is observed. The vanes, 
which were still, now rotate in the itive direction at a 
speed of 100 revolutions a minute, whilst the dise rotates 

itively as before, but with a little diminished velocity. 
t is probable that some of the speed of the disc has been 
quenched by the rapid movement of the vanes in the Oppo. 
site direction, as the author has previously shown* that 
the viscosity of air at a rarefaction of 129 millionths of an 
atmosphere is only a little less than its viscocity at the 
nor density, and hence the vanes, at a of 100 re- 
volutions a minute, must exert a considerable drag on the 
opposite rotation of the disc. aie 

ty the rarefaction increases above this point, the speed 
of both the dise and vanes increases, they exceed 600 
revolutions a minute. At the highest rarefaction attained 
(0.4 millionth of an a is no apparent 
diminution in speed, 3 

These experiments Lave been repeated in a more elabo- 
rate series withan apparatus of great complexity. It is 
impossible without ——- to give an idea of the various 
arrangements by which data are secured, but it may be 
mentioned that at each pressure observations can be taken 
on the velocity of rotation of the disc and vanes, the 
viscosity of the residual gas, the repulsion exerted by a 
standard candle on a mica plate, and the ce 
-of an inductive k through a tabe furnis with 
‘platinum wires. Different gases can be experimented with, 
and a series of observations are given with, hydrogen gas 
a3 well as with air. , P 

The author concludes his paper by showing that the 

ideas of a ‘“‘vacuum’’ are erroneous. 
F an air-pump which would diminish volume of 
air in the receiver 1 


), 


to Mr. Johnstone Stone, 


cubic centimetre of air at the pressure is probably 





position for rotating under the influence of 
C The direction is called positive 
when it is the same as would be produced by a wind 
blowing from the platinum wire, and negative when it takes 

Y ‘ } tus most experimented 
with a rotating disc of mica is supported on a separate 
pivot, immediately over the mica vanes. The normal or 
positive movement of this disc is in the opposite direction to 
that of the vanes; thus, if the positive movement of the 
vanes is in the direction of the hands of a watch, the 
positive movement of the disc is in the opposite direction. 


capable of exerting an enormous mechanical effect. 








ON THE DIRECT PROCESS OF MAKING 
WROUGHT IRON AND STEEL.* 
By Cuas. M. Du Poy, C.E. 
(Concluded fr page 55.) 
4. ANoTHER method I have adopted in working this 
metal, is to take the cakes reduced, at their white heat, 


of some of the well-known and most superior Swedish and 
Russian brands, is ith given, showing a very marked 
resemblance. 

I come now to a consideration of the successful working 
of this process on a profitable commercial scale. 

The ore, carbon, and fluxes, as has been proved by work- 
ing, may all be ground together and Pmt into the 
canisters at an outside cost of 40 cents per ton of ore; 
when systematised, 30 cents per ton will be sufficient. 

Canisters of No. 26 sheet iron, 15 in. outside diameter, 
-_ so gt gem a i 6 in. in diameter i 

hroug through in the centre, including top an 

bottom, will weigh 6 lb. They will hold 116 lb. each of 
67 per cent. ore, beside the carbon and fluxes. This has 
been the size that has rally been used, and each 
canister will yield from 75 to 80 per cent. of the metallic 
iron, including the 6 lb. of sheet-iron canister 




















and sink them in the fo fire. The quality of the metal is It is believed that in a furnace adapted to the purpose, 
thereby highly improved in toughness, as is illustrated by | the canisters may be made 16 in. in diameter and 38 in. 
samples of sheet-iron here exhibited. By throwing the | high, or even larger, and placed 6 in. or 8 in. apart all over 
heated metal into the forge fire in this way, they sink, and | the floor of a large reverberatory furnace. 

From Dannemorna MaGnetic ORE. From Russi. 

— Du Poy. | ] j 

Ve Bon JB. K. | COND. | K3KB. 
is wit Re mt) GE, & 
Carbon ... | 0.08 | 0.087 | 0.054 0.087 | 0.386 0.272 0.340 
Silicon .. | 0.021 | O15 | 0.028 0.056 0.252 0.062 trace 
Sulphur... | 0.082 | 0.320 | 0.055 0.632 0.757 | = 0.234 00.66 
Phosphorus B. 0.016 | 0.034 | trace 0.005 trace 
Manganese ao 4. A... fe | trace ‘no trace 0.020 trace 
Ef vege ae ae a | traco | mm trace - =| Ss hrnce 
Slag... RR ae | 
Iron on = eco | 99.700 | 99.541 | 99.863 99.220 98.605 99.412 99.504 











are taken to the hammer in half an hour, with half the 
expenditure, both of fuel and labour, that is ordinarily re- 
quired in sinking scrap in the forge fire. Still, even in the 
forge fire, ‘‘ red shortness”’ is not cured. This is accounted 
for by the rapidity of passing the metal before the tuyere 
in the melted state, which does not give time for the ab- 
sorption of carbon, and although improved in eve: 
respect, it comes from the forge fire nearly as red short as 
when it was thrown intoit. It requires the longer contact 
with carbon than is there so briefly allowed. 
“Red short,” produced, as it is, by purity of the metal, 
and not from sulphur, is not prejudicial in melting for steel 
purposes, for in all cases the steel is of the finest quality, 
ranking with that made from the best Swedish brands of | 
iron, as the samples here exhibited prove. For many | 
uses of iron, too, a strong red short tendency is not only | 
unobjectionable, but is required. Still, for neutral iron, 
the red shortness must be cured, and this can be done at 
pleasure with an alloy of carbon in the melted state. 
The purity of iron made by the direct processes, has always 
been a subject of remark, in contrast with that which is | 
made by the indirect methods. Even particles of iron, 
taken from a mass of slag highly eae with phosphorus, 
on being analysed, have been found of extreme purity. 
It will be observed, by the analysis of Dr. Wath of the 
iron made by my process, that about three-quarters of 
the phosphorus have been eliminated from the Republic | 
ore which was used, and which he analysed. A correct | 
solution as to how the phosphorus is eliminated by the | 
direct processes, when it clings so closely to pig iron made | 
from phosphoretic ores, and cannot be eradicated from the | 
Bessemer converter, when phosphoretic pig is used, is now 
occupying the attention of the ablest metallurgists of this 
country and Europe. 
The best theory I am able to suggest is, that as the 
phosphorus melts at a low heat, and the metalloids also 
melt, when combined with suitable fluxes, at a much 
lower heat than the metal, that the phosphorus becomes 
incorporated with the glassy slag of the metalloids, and 
never afterwards leaves it, and that finally, when the 
meltal is pushed to the melting condition, in the quiet 
heat of ‘‘ the open hearth’’ furnace, the phorus floats 
with the slag, and cannot contaminate the metal in this 
quiet heat, as it does under the intensely violent mixing 
action of the blast in the Bessemer “‘ converter,”’ or in the 
blast furnace. . 
It will be observed that a triple chemical operation 
begins to take place at once, from the moment the canisters 
are charged into the furnace. 
1. The oxygen of the ore combines with the carbon, pass- 
ing off as carbonic oxide. 
. The silica and alamina combine with alkalies intro- 
duced, and form the glazing material which cover the 
particles of newly-made metal, effectually sealing these 
particles from reoxidation from the furnace gases. 
3. The phosphorus melts into this glass, and passes off | 
with it as a slag, not contaminating the iro 
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nm. 
The Pye aod 14 analyses of the ore from the Republic | 
Mine of the e Superior district, gives : 
Metallic iron aa Ne ws 68.48 
Phosphorus ... hed eve 053 
The analysis of reheated iron from the same ore made by 
- popes, as given by Pr. Otto Wuth, of Pittsburgh, is as 
OLIOWS : 
Carbon a 0.042 
Silicon... 0.021 
Sulphur ; 0.088 
Phosphorus . . . 
Slag ... e. 0.185 
Iron ... eon ose Ae inf «« 99.700 
A comparison of the foregoing analysis with the analysis 
*. read as the meeting of the Franklin Institute, 
October 17, 1877. 





other 





| sample exhibited—not ——-? 


Suppose a furnace is constructed 10 ft. by 15 ft. inside 
capacity, to hold five rows of these canisters one way, with 
seven canisters in the other, placed 8 in. apart and 8 in. from 
| the furnace walls, then the furnace would hold 35 canisters, 
| each containing about 400 lb. of ore. They would be 
reduced in six to seven hours, but say three charges of the 

furnace were made in 24 hours. Each canister of 400 Ib. of 
ore, yielding 80 per cent., or 230 lb. of the metallic iron 
hammered or squeezed, would give 8000 lb. of iron at a 
ch , or 24,000 Ib. of muck-bar every 24hours. I have 
found either natural draught or blast may be used. 

The cost for canisters, eleven to the ton of iron, say 15 lb. 
each, would be about 180 lb. of common sheet iron to the 
ton of product, which would include all kinds of defective 
sheets made at a mill, and also include the making of 
canisters—which is very simple, as may be seen by the 
in all 5 dols. to 6dols. per 
ton for the iron produced, and probably still less. Thi 
cost of canister per ton equals about the cost of breakin 
pig and puddling it in the old method, with the additio: 

vantage that the work is reduced to extreme simplicity by 
the use of unskilled labour, and is in strong contrast wi 
the excessive and laborious manipulation in decarbonising 
pig iron in the difficult operation of puddling. 

This process is very economical in welding together scrap. 
Ordinary scrap iron may have been so often worked over, 
at high heats, as to be exhausted of ‘its cinder, such as the 
scrap from wrought iron pipe, or it may be the thin waste 
ends from sheet iron, or of any other quality of iron subject 
to excessive waste in the ordinary working. I charge itall, 
whatever it may be, with the ore and carbon in the cani > 
and it is then p from oxidising, being thoroughly 
enveloped with the carbon, until the whole mass of scrap 
and ore is consolidated and taken to the hammer. i y; 
light scrap is very largely wasted by oxidation in the re- 
verberatory scrap furnace and forge fire, ranging in loss 


all the way up from 15 to 20 per cent. By this process I 
get very nearly the entire weight back. 

Having given the cost of grindi the mixture, of 
canisters, and them, and shown by the samples that 


reduction may be effected by anthracite coal dust, or other 
cheap and wasted fuel, it remains to state that the cost for 
heating the reverberatory furnace will be about 2 dols. per 
ton of iron, as near as can ee 
prices of fuel; and that the la in charging and dis 
charging from the furnace and rolling to muck, will not 
— 3 dols. to 4 dols. per ton, including cost of running 
mac R 

The following is an estimate for canisters of reduced 
metal, transferred white hot to the ‘‘ open hearth furnace”’ 
sufficient for 1 ton of steel stock : 


dols. 
SA a se ore, at 3.50 dols., or... ‘ei 
2 2.35 impure ore to be separated, a’ 6.13 
Anthracite coal dust, for d oxidi ing, # ton, 
at 1.50 dols. De pee ds) 0.75 
Crushing ore, coal and fluxes, mixing and ’ 
filling canisters by automatic machinery 1.00 
Gas for reduci ies Ke it wide 2.00 
Canisters, wet . sheet arr including aes 
ing, at 34 cents po x: Re . 
Labour to the ton ae ove és 1.00 
Fluxes ... es ~ oh esi 0.50 
For one ton of steel stock transferred to 
the open hearth ... on we ase 17.23 
For muck-bar, add cost of hammering or 
squeezing and rolling, say ie ot 1.00 
18.23 


To both estimates must be added the usual items for 
wear and tear and general expenses. 
Summing up all the data given, it will be found that 
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STATEMENT OF IRON MADE DIRECT FROM THE ORE, BY DU PUY’S DIRECT PROCESS, MANUFACTURED AT PITTSBURGH AND VICINITY. 
rs i ae oe Sey a ake ila : 
| | mee ev Zigige 2 ig spe 
F © roy | a | 
s | 8 | 4 5 |.%3 Ee ig | 
e = 5 & 25/8 e |e 
| = s|4 # 2a /82 i pal boll 
5 Si glAlgleisaigaial. |g | 
4 S 8 g 4i24;3 «| 5 Q £ , > 
Ss 3 & =/8/e/2lehesi Bi: |S ¥ 3 
5 | ; : z z § § % , é “daa & 3 3 8 ry REMARES. 
a] o e < ° a — | 
4 : 2 = 
a i L S\ElS|alg SSeS ic] 2 08 
3 | £ ba poor) oy - | g ” > on Ss = “= | : EI % 
5S } ) fa A ro) & Sie l Ss |e s/SFl es 1° 2B o B 
| rey oy = @ (=) be ~~ ou 2é bd wry |8 8 — 
) 6 ° | a Bie) \2\a szleéia ls Biss ee & 
£ = = i g 2 & = 3 3-5 32 3 5 b§ = | 3 
A ie id = z2i/Oo|4i)m|e Er em & Eoin Mm of Se ] 
pas Sa . ; ree ae aa We eae 
January 25 | “Republic” | { Siemens’ }) { Union torn” }| 8 | 158] 6k | 14/9 | 875/260 218 84 | Charcoal | Gas | Reduced in 6 hours. 
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Norz.—The M itaic ‘iron in the Republic, Chateaugay, and Iron Mountuin ores is ry at 67 per | and 62 per cent. for the Limonite or Pipe, which last was roasted. — 


The time required for reducing; varied with the intensity of the heat. It is believed five 


ours will be foun 


sufficient, with the experience obtained by continuous working. 





muck-bar may be produced for 8 dols. to 10 dols. per ton 
above the cost of pig iron; that it will rank with the 
highest grades of wrought iron for special purposes ; and 
that the plant is so simple and inexpensive, as to make a 
large reduction in the interest account of all iron works. 
Besides this, it will be found that the process is so greatly 
under the control of the operator, as to enable him to make 
such mixtures as to produce the exact quality of iron or 
steel desired, not being subject to the irregularity of the 
blast furnace, which often, as is well known, for days 
together, gives a run of undesirable metal, baffling the 
utmost skill of the manager to change it. This 
process, in a word, reduces the exact results of the labora- 
tory toa large and intelligent practical working basis for 
the manufacture of iron and steel; and, as such, I re- 
spectfully submit it to the impartial and unprejudicial con- 
sideration of the members of this Institute. 


———s3 


FOREIGN AND COLONIAL NOTES. 

Rolling Stock in Belgiwm.—Contracts have just been let 
at Brussels for fourteen lots of matériel intended for the 
Belgian State Railways. The Belgian Metallurgical and 
Colliery ae obtained an order for six t-class 
carriages at 4287. per carriage. 

Gladstone and Jamestown Railway.—The works on this 
South Australian railway are making good progress. 
Locomotives are expected to reach Caltowie about the end 
of March or the beginning of April, 1878. A bridge built 
on piles is to be thrown over a creck hear Glad- 
stone ; this bridge will be nearly 150 ft. long, and it will 
attain an altitude of between 30 ft. and 40 ft. above the 
creek channel. 


American Locomotives.—Orders have been received at 
the machine shops of the Philadelphia and Reading Railroad 
Company for the building of four new six-wheeler locomo- 
tives of the Minerva class. The boiler work for these new 
engines is now being placed in hand. 


An Italian International Exhibition.—An international 
exhibition, under the patronage of His Maj the King 
of Italy, and organised by an influential National Com- 
mittee, is to be held at Milan in 1879. The municipality 
have granted the use of an eligible site for the building, 
with ample open air space for an agricultural department. 


Steel Rails in the United States.—In 1876, 412,000 tons 
of steel rails were made in the United States. Last year 
the production rose to 450,000 tons. 


The Fitzroy. Dock.—The Government of New South 
Wales has a dry dock on Cockatoo Island, a few miles up the 
Parramatta river to the west of Sydney. The dock was 
originally 300 ft. long, and in the days of Governor Fitzroy 
this was supposed to be a sufficient length for the accommo- 
dation of any vessel which was likely to enter S , 
However, to meet the requirements of. the present day t 
dock has been lengthened, and it is now 450 ft. long and 
59 ft. wide. It has 21 ft. of water over the sill at spring 
tides and 18 ft. at neap tides. Some of the ships 
which have entered Sydney—including H.M.S. tea, of 
3000 tons burthen—have been docked, cleaned, and re- 
paired in the Fitzroy Dock, which has also been used by the 
fine steamers now employed in carrying mails between 


Sydney and San Francisco. 


French Mechanical Industry.—The French works of 
MM. J. and F. Cail and Co. failed to realise any 





rofit in 1877. Some small profit was made at the 

russels works, but it had to be reserved to meet doubtful 
debts. The Donuai establishment made a profit of 11201. ; but 
on the other hand, the operations of the company at Denain 
— = a a, of oe — Paris bag also lost 
18,0001. during the year. ormer years this company 
has realised large profits. 


American Mechanical Industry.—Messrs. Smith and 
Wesson, of Massachusetts, made last year 46,000 army re- 
volvers for the Russian Government, or about 151 per 
working day. The Wason Manufacturing Company, of 
Springfield, have about 75 men at work on an o} re- 
cently received for 100 freight cars for the Panama Rail- 
road. The specification prepared in connexion with the 
contract requires the use of water-soaked lumber ex- 
clusively, as air-seasoned wood will not stand the climate. 


Electric Bighting.—A special division of the Paris In- 
ternational Exhibition is to be devoted to electricity, so 
that the various systems of electric lighting may be tested 
comparatively. The electric = question continues to 
excite much interest at Paris. The Northern of France and 
the Paris, Lyons, and Mediterranean Railway Company 
are each experimenting upon the subject. 


Nova Scotian Railways.—Work on the Nova Scotia 
Nictaux and Atlantic Railway, in Nova Scotia, has been 
stopped, the Government refusi to pay 33,000 dols. of 
subsidy due to the company until the latter settles with its 
—. The contract provides that the subsidy shall be 
payable only after such an amount has actually been ex- 
pended by the company. 


Telegrams in France.—The French Minister of the In- 
terior, acting in conjunction with the French’ Minister of 
Finance, has presented to the Chambers a bill for the re- 
duction of the rate to be charged for the transmission of 
tele; hic messages throughout France to 5 centimes 
(or $d. lish) per word, with a minimum of 50 centimes 
for any message. The present minimum, is 60 centimes in 
Paris, and 140 centimes throughout France per 20 words. 

Krupp and Steel Rails.—A contradiction is given to a 
statement that the house of Krupp, of Essen, had con- 
tracted to supply the Upper Italy Railway Company with 
5000 tons of rails at 61. Ss. oe ee, delivered in an 
Italian port. Herr Krupp offered to make the delivery at 
61. 9s. 3d. per ton at Genoa, but the offer was not followed 
by an order. 


Melbourne Harbour Trust.—At a recent meeting of the 
Melbourne Harbour rust, a telegram was read from the 
page sere eo of Victoria in London, stating that Sir 
John Hawkshaw had recommended Sir John Coode as well 
qualified to report on the subject of harbour improvements 
at Melbourne. 








THE TELEPHONE.—A correspondent writes from Prague : 
‘* Trials have been made with ee at the telegraph 
offices of Prague, Vienna, and Buda Pesth, the tube 
being in general satisfactory. At the same time the tele- 

hone has become an article of sale, © peizat inetxusoens 

ing offered at the price of 16s. to 1l., exclusive of the 











teleahone, d a general notion prevails that the telephone 
had designed to replace the ard ped of writing 
and printing telegraphs, whereas the value of the in- 
strament for many practical and scientific purposes is not 


appreciated. Even a telegraph official of high standing (the 
- r of the te phs of the Bushticheed Balwey ie 


a public lecture dec that the telephone would remain. 
‘an interesting plaything, unless. it could be made to write 
down its messages.’ ’’ (!) 

THE METEOROLOGICAL SoctzTy.—The annual meeting 
of this society was held on Wednesday, the 16th inst., at the 
Institution of Civil mages 25, Great George-street, 
Westminster, Mr. H. 8. Eaton, M.A., President, in the 
chair. The Council in their report express their gratifica- 
tion at the increase in the number of the fellows and 
[ pommn of ey hove A j the gratis size of or Gente 

ournal, an e er value roane on it by foreign 
scientific societies, the augmentation of the library, and 
the addition to the sum hitherto contributed by the Meteor- 


ological Council, as well as at other evidence of vigour and 


progress manifested during the year. The number of 
ellows now amounts to 417. e President then de- 
livered his address i his tenure of office the 


alliance between the Meteorological Council and the society 
had been further cemented, the society supplying the 
Government with certain statistics, and getting 
assistance from the Council in return. This arrangement 
had been a successful, and the President con- 

la climatic 


sidered it caleu to foster the growth of 
meteorology under the auspices of the society raptow Fag 
remove any jealousy on the part of the public to a 
Governmental department so peculiarly constituted as the 

. After criticising some of the work 
undertaken by the last-mentioned body, Mr. Easton exhi- 
bited curves of the results of the hourly observations 


urnal variation of atmospheric 
be referred to one of two distinct f 
the minimum of pressure was most pron 
morning, in the other in the afternoon. The former 

was found at the maritime stations of Valencia and Fal- 


mouth, the latter at inland stations such as Kew. The 
diurnal of the temperature of the air was closely 
related to pressure. It was least at the maritime 
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THE ACCURACY OF INDICATOR 

; DIAGRAMS. 

(Continued from page 422, vol. wxiv.) 

WE come now to the experiments made by Pro- 
fessor Berndt upon indicator springs in their indi- 
cators. The experiments of which we have — 
given the results were all, it will be remembered, 








the original records of observations which he has 


kiadly at our disposal.* 
The a used in the later iments is 
shown in 2to 6. Steam was from a 


boiler belonging to the authorities of 
Werkstiitten Bahnhof, at whose works the experi- 
ments were carried out. The boiler was below 
ground, so that the pipe from it to the apparatus could 
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Fig 3. 








Fig. 7. 
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made upon the springs free, 80 as to be quite indepen- 
dent of any irregularities or inaccuracies caused by 
the indicator. Those = - be ‘amano enable > to 
see the co uences of these i ities, and to 
some oer estimate how far each of the dif- 
ferent causes at work is responsible for them. 
Berndt has carried out two entire series of ex- 
riments such as we have now to describe, the 
rst in 1873-4, the second in 1875. In the first 
series considerable difficulty was found in estimating 
with the required degree of accuracy the exact 
steam -pressure employed, A full account of the 
reasons of this, and of the means taken to insure 
accuracy, is given in the 1875 Programm of the 
Chemnitz Gewerbschule, with the origi account 
of the experiments. But Berndt felt that it would 
not do to leave so important a part of the experi- 
ments doubtful on account of some unknown error, 
however small it might be, and therefore, profiting 
by all the experience that had been gained, he de- 
vised much improved apparatus and with it carried 
out afresh the whole series of experiments. Sub- 
stantially, it may be said at once, the first and second 
series give identical results. The differences be- 
tween them are scarcely more than the differences be- 
tween different experiments with the same indicator 
rs one series. It Ain nae for us, there- 
ore, to say anything about the apparatus used for 
the first series of experiments, but shall proceed to 
describe that employed for the later ones. The 
methods of manipulation (to be subsequently de- 
scribed), were substantially the same for series. 
The forms in which Berndt has recorded the results 
of the two series of experiments, however, differ 
greatly, and render direct comparison between them 
impossible. It has seemed to us that neither of the 
forms used by him is quite the most convenient for 
practical purposes, and we have, therefore, ar- 
ranged our summaries in an altogether different 
way. For this purpose it has been 
to work out the results entirely afresh, a process 
which has been rendered possible by the complete- 
ness with which Berndt has recorded his data and 
simplified by some of the original diagrams and 
































the acighuel pebiicbed ceovunte af the cometionnas ane 
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auton ts Ges cay of os Seah avanges. 

experiments w! final a " 

most important of these are in Tables XVIIL, amd XXIII. 


3 Chemnitzer | ported 


larger scale in Fig. 3. ‘Those marked 64 (which 
are about 16 in. apart), were used for the Richards in- 
tor cock being screwed into are 
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with cork aad open in feo’ to facilitate voting. 
On the upper end of the short arm was a cup a, 
75 mm. internal diameter, to take the condensation 
water. The arm itself was 2.5 metres long, the 
whole manometer, therefore, standing about 16 ft. 
high. At 4a three-way cock was attached to the cup a, 
oie fers was connected to the preager hs shown 
. 2. This sloped down the whole wa 
pot py rd. plo per did the same it 1s 


evident that the best e@ means . for 
insuring that no water should lodge in any ) 


the apparatus. . 6 (on same scale as 
shows the cuneate fos reading the —e 
Lapdog on ag: Mme AS only ali oe 
mm. by the motion mercury through the 
whole of the arm (2.5 metres), and the error caused 
by this maximum alteration is quite inappreciable, 
being only about 0.014 of a pound per square inch. 
The experiments were conducted by three ob- 
servers, one at the indicator and two reading the 


———- uge. aoe Soommamnconion a made 
the boiler, the cock ¢ . 2) was left open 
until only pp se Snel rons i before the ex- 


periments . The readings of the were 
ee ee being given Go Server 
at the indicator. e cbactvelisns ‘ade were in 
essential points as follows; their order was of 
course varied in different’ cases, and the whole 
series of observations were not, as will be seen from 
the Tables, made with every one of the sprin 

pte gee ee ine a drawn b= > e 
c a pin fixed for urpose to the frame of the 
indicator. This line served as an axis from which 
the various ordinates could be measured ; it was re- 
peatedly checked, to make sure that the paper had 
not shifted on the drum. Before the admission of 
steam, and while the instrument was still cold, an 
atmospheric line was drawn, The piston rod was 
then gently raised by hand (a piece of wire had 
previously fixed to the link above it to allow this 
to be done conveniently), and then left free to take 
up its own position, which seldom coincided exactly 
with the former Pgne ut The spring was next 
depressed by hand in the same way, and again left 
free, and again in most cases it did not return quite 
to its former position. This raising and depression 
by hand were generally once or twice, 
Steam was then admitted to the apparatus, and 
when the indicator cylinder had become fairly 
heated the same be agree or were repeated. These 


experiments fen called ction experiments, 
The height of the mean atmospheric line, which will 
be afterwards referred to as that from which pres- 


sure ordinates were measured, was taken as the 

arithmetical mean of the observed heights after upward 

and downwa: ard ion. 

and XXIV. of the 1875 Programm. In Table XVIII., 
221,, the sixth column Sieme wrong, and therefore 

columns IX., XI., and XII., the latter of which affects 


many succeeding a’ In Table , 
column Vis wrong, and im Table XXIV.. ’ 








colamn therefore colamns IX. and X. 
All these errors can without difficulty, so we 
need ‘not mistakes last menti affect 
Tables . and XXVI. as well as some of the a’ . 
They are unfi in sum read 
before the Sachische und erein, 
whens, hewevst, some. sslquynte <8 pus (7: a0 00:60) 9 
bad each case a line was drawn, the indicator cord being 
pulled by hand. 
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Steam was next admitted to the cylinder, and 
after a few seconds’ pause, so as to allow the spring to 
take up its full compression, the pencil was brought to 
the paper, and a line marked + iy ip the latter 
as before. This we may call the jirst pressure line. 
The pencil was then raised and depressed as before, 
a fresh line being marked each time, and the height 
of the mean pressure line was taken as the arith. 
metical mean of the heights of all these deflection 


lines. 

The distance between the mean pressure line for 
any pressure, and the mean atmospheric line, was 
taken as the mean ordinate for that pressure corre- 
sponding to the particular spring and indicator used 
in the experiments. 

In taking an indicator diagram no time is allowed 
for the spring to take its full companion against 
the frictional resistance in the cylinder, and against 
what. may perhaps be called the molecular inertia 
in the spring; it therefore necessary 
pb make some expesinndate wae pena nnns indie 
e ting those r which an.indi- 
ak ake Ghee iene To_.do. this 
the indicator cock was opened. apd, 

times in succession, while the 

Py han toe Re »:f 
paper diagrams (see Fig. 7). rese: 

sion portion of common cards, and 

identical conditions, at leastsofaras the motion of the 


indicator pencil wasconcerned. A rs 






uced 
cormmenncing. ta He mean height of. ies‘ 
ob (reduced to a constant pressure) we 
call the moving owing the 
pencil to leave th it. was in many. instances 


pynere line, Before 
e popes 
allowed to trace a final pressure line along the whole 


ned en oe ae ing open... We shall 
i es of experiments diagram:enpériments 
An atmospheric line was drawn on each.card both 


before = after ho bar, was drawn, jo ae one 
case with a il previ at in the other, 
of Aon angen a pencil Viich had just sys 
motion (downwards) as the pressure was removed. 
While the admission line of an indicator diagram 
is being traced the momentum of the moving 
tends ,.to increase the height of: the ppncil,, the 
friction in the cylinder tends to diminish it, but 
during the tracing of the expansion curve the latter 
action is reve: The resistance and the imperfect 
elasticity .of the steel still tend to hinder motion, 
Si egy oe oe 
+ 80 e e pen at 
instant greater than it would be were the action of 
the us perfect, Just at the cut-off the pres- 
ous Keates toll before the pencil does, the latter 
will only move when the difference between the 
steam mre and the downward thrust of the 
spring become equal to the resistances due to 
© causes just mentioned, That some action of this 
kind must 
or not to an injurious extent could 


place is obvious but whether 
mined by experiment. For this eg 
y ex ent, For this purpose the pipe a 
(Fig. 2) was left for Ate rabss uy cemamuningnion 
with the boiler, all the indicator cocks being at the 
same time . The steam pressure in the boiler 
was grad lowered, and the indicator pistons 
allowed simply to followit. The pencil was not left 
in contact with the paper, but at intervals a short 
pressure line was marked. Such lines we shall call 
Salling pressure lines. 
The nature of the “diagram” ents may 
be made clearer by Fig. 7. results of 
yp er ex) hk yneed ose y Fig.7 
a copy of one of the diagrams taken wi rin, 
E, the whole set of which we have now Gaon = 
In the figure, a is the fixed horizontal, 4 the first 
eric line, and ece the It will be 
the cock was opened and closed quickly 
times in succession, and then allowed to 
remain open while the paper returned, the pencil 
then the final pressure line d. Communica- 
tion being then again opened with the atmosphere 
the final atmospheric line ¢ weS drawn. er 
comuments on these di we reserve until our 


i 
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HORIZONTAL FANS FOR FEEDING 
FURNACES. 
By Joserx J. BUTCHER, 

Tue use of the horizontal fan for feeding furnaces 
has been known in this country for more than half 
a century. Its origin is attributed to Mr. John 
Stanley, of Manchester, who was, without doubt, 
identified with its very earliest manufacture. From 
his time until 1874 various alterations and improve- 
ments were made in the method of using it by 
Smith, Deacon, Henderson, Lancaster, and by the 
writer, but as these in no instance affected the 
principle of the fan’s distribution, it is beside our 

urpose to give any account of them here. They 
oa effected much simplification, and a great re- 
duction in cumbrousness, but they have each and 
all been brought sufficiently prominently before the 
public to be well known to those who care to know 
them, and we have too little space at our disposal 
to attempt, in other than the briefest manner, to 
mention anything except that new matter which is 
the central object of these articles to discuss. It 
may nevertheless be advisable for the sake of 
clearness, before proceeding to this subject, to 
shortly rehearse the ordinary phenomena of com- 
bustion. 

A well-known inference from the modern doctrine 
of the survival of the fittest, as applied to ideas and 
processes of manufacture, would lead us to assume 
that in the customary practice of ordinary firemen, 
a practice inherited from the repeated experiences 
of many generations of men individually unthinking, 
a really scientific method would be found. With 
this generalisation we heartily agree. Yet, while 
we do so, we are far from saying that this customary 
practice is the best possible, and not susceptible of 

It is a practice that results from a 
compromise between many adverse circumstances, 
and is, as it were, walled off from perfection on 
every hand. Yet we think the ideal towards which 
hand-firing hes aimed is the true one, and that, 
therefore, the work of those who seek to improve it 
should be upon the old model, simply attempting to 


parts | do by machine that which is now done by hand, and 


to do it more perfectly. Far, therefore, from start- 
ing with a contempt for hand-firing, we do so with 
the greatest res for it. 

It will be ily admitted that where hand-firin 
most deviates from the right is in its first and fin 
periods ; just after coaling when the fire is overloaded 
with carbon and hydro-carbons, and the air 
are most choked by them, and just before coaling, 
when there is a deficiency of these substances and 
an excess of air. We therefore choose for our 
model that central period that lies between these 
extremes, and during which the uncombined coal 

roducts are more nearly balanced by the incomin 
ught, and the fireis at the same time flaming an 
in a bright red glow. 

Following the passage of the draught as it enters 
the fire, we find that it is at first split into lamine 
about } in. thick by the furnace bars, and then into 
multitudinous streams following tortuous paths 
through the bed of glowing coal itself. It is here 
that the first chemical combinations take place, and 
that clash of atoms begins, the almost infinite energy 
of whose impulses, propagated through the surround- 
ing ether, we call radiant heat. The lower portion 
of the layer of coal is either completely burned out, 
and existing only in the state of glowing clinker or 
ash, or has given up the entire amount of its gas, 
and remains but a mass of partially consumed coke. 
From this the rapidly passing current of free oxygen 
takes up an equivalent of carbon, thus forming 
carbonic acid at a very high temperature, which 
passes onwards with the unconsumed portion of the 
air. Should the bed of coal be thick, and a deficiency 
of oxygen at this stage manifest itself, this carbonic 
acid will itself take up a second equivalent of carbon 
and form carbonic oxide at a much lower tempera- 
ture, causing considerable loss. a. however, 
that the supply of air is adequate to the various 
needs, the gases pass onwards through the fire to 
the upper portions of the layer, where the coals 
have not yet completely given up their gas, which is 
bursting forth from them in all directions in small 
jets, and enters the streams of air and carbonic acid 
sometimes at right angles to their directions, and 
sometimes in directions adverse or otherwise to them. 
It will thus be seen that while in the first-instance 





the best that has ever been applied, and, unless 
interfered with by other causes, sufficient for the 
purpose in view. We therefore consider all methods 
of introducing to the coal gases a part of the air 
supply by other means than this natural one—say 
through the firedoors or bridge—very inferior indeed 
in their mixing power ; they are mere makeshifts and 
remedial measures to overcome a defect in the 
method of utilising the natural draught of the grate. 
But we do not say they should zever be resorted 
to; injurious remedies are often of use for the cure 
of more injurious diseases, and much of life is but a 
choice between evils. 

On examination of a transverse section of the 
whole volume of gas, just after rising from the 
furnace bed, it would be found to be of columnar 
structure, composed of a great number of streams 
of the various gases, the hydro-carbons, atmospheric 
air (or diluted oxygen), carbonic acid, and vapour of 
water, all flowing side by side in one direction along 
the flue, and the remaining processes of combus- 
tion must take place at the walls of these streams 
or rather their surfaces of contact. Here the con- 
stituents of the hydro-carbons are oxidised, and the 
molecules of hydrogen, having a ter affinity for 
oxygen than those of carbon, release their grip of 
the latter, and rush forcibly into combination with 
a part of the free oxygen, forming water and de- 
veloping heat. Thus for an instant the molecules of 
carbon’are isolated. And here is the critical moment. 
These molecules have a strong tendency to congre- 
gate into the solid form that we call lamp-black or 
smoke, and unless maintained at a very high tem- 
perature until they have come into contact and 
combined with the molecules of free oxygen to form 
carbonic acid, or at worst carbonic oxide, they will 
inevitably do so. The state of matters is this: 
when first separated they are at a sufficiently high 
temperature to take up their oxygen, and should 
this gas be in the requisite quantity, and at the 
same time sufficiently near them, they will do so. 
But the difficulty and consequent liability to smoke 
is exaggerated by the fact that the process takes 
place in the upper layers of the coal bed, where the 
remaining part of the oxygen is not only mixed 
with its own nitrogen, but with a very large pro- 
portion of carbonic acid, and in this mé/ée of gases 
the useful molecules of oxygen. are almost as liable 
to be lost, unless very largely in excess, as needles 
in a haystack. And nature gives these carbon 
molecules but a short shrift. Often within 19 in. 
of the coal-bed their temperature is sufficiently re- 
duced for them to form into black particles of 
smoke, after which they can never again, under 
those practical conditions of furnace and fiue with 
which we are dealing, be altered in state. Yet 
these very particles, that form such a nuisance when 
cold, when heated to incandescence amidst the 
atomic conflict give rise to the beautiful phenomenon 
of flame, propagating those radiant light waves 
which at once exhaust and interpret’ its energy. 
But the bulk of the useful heat rays are:dark. 


That all these complicated operations can be 
effected within the shert space of a few iniches' from 
thefurnace bars, we have assured ourselves by asimple 
experiment — boilers of the locomotive type, 
with a perfectly open firebox, a closed firedoor, and 
only 12 in. or 18 in. from the origin of the flame at 
the back of the fire to its entrance into the lower 
tubes, The boilers were fitted with a steam jet 
simply acting as a stimulant to draught, and not in 
any way as a ererede dm: When the fire was 
c with coal and the jet turned off a dense 
volume of smoke was produced ; by turning on the 
jet sufficiently the smoking was entirely stopped, 
yet noair could enter except through the bars, and 
the run of flame in the firebox, or as it is sometimes 
called, combustion chamber, did not amount in some 
parts to many inches, The ent at once proves 
that a proper combustion can be effected by the 
simple- process of Obtaining a sufficient draught 
through the bars, and this fact, together with the 
reasons we have for believing that from no other 
source can so well-distributed a supply of air be ob- 
tained, makes us advocate introducing it through 
that route alone, notwithstanding the authority of 
Mr. Wye Williams and other notables. We do not 
say that when the air through the furnace- 
bed aré throttled by a charge of coal, as in 
hand-firing, it may not do some trifling good (but 
ave this we think fully counterbalanced by the evil 
of admitting useless when the fire has burned 
through), but that where the conditions are such 
that the state of and consequent 
throttling need never arise—a state of things 
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that we hope to convince our readers is quite 
possible—no such means of admitting air should be 
resorted to. 

We have said that the current of gaseous products 
arising from the furnace bed is of columnar structure, 
consisting of a number of separate streams of the 
various gases composing it, flowing onwards, side by 
side, and thatit is at the surfaces of contact between 
these streams that combustion takes place. We now 
desire to make it clear that the rapidity with which this 
process is completed depends upon the areas of the 
various cross-sections of these currents. An illustra- 
tion, anda very stale one, is the flame of the candle. 
Its luminous part consists of a hollow cone of incan- 
descent particles of carbon. Within is the gas arising 
from the wick, without is the oxygen of the air. It 
is at their dividing surfaces that the atomic forces 
combining these molecules act, The flame is about 
1} in. high, and its transverse section at the widest 
part is about } in. in diameter. Let its section be 
increased, and as this indicates a greater volume of as- 
cending gas which will take a greater time to burn, the 
height of the flame increases also. It is just so with 
the very similar gases of the furnace. e greater 
the sections of the individual streams, the longer 
time does it require for combustion to be completed, 
and where in a well-regulated fire the draught is 
properly sub-divided, no large mass of ¢ gas 
being allowed to ascend without having free oxygen 
mixed with it, the process ought to be prt: 
within a very short distance indeed. And it should 
be remembered that whenever the two constituents 
of combustion, oxygen and coal gas, pass along the 
cooling flues ununited, it is simply the result of de- 
ficient mixing within the furnace bed, or in its im- 
mediate vicinity, where the heat is amply sufficient 
to effect the ignition, and that it is not in any way 
chargeable to thesluggishness of molecalar processes. 
Weare not advocates of any large flame chamber 
within which to mix the gases. Practice is daily 
proving that, when the fire is in good order, this 
we is effected within the very short run they 

ave to the small tubes of the locomotive and 
marine boilers, and we do not see why boiler-makers 
should be troubled with any such crotchets, 

That the hand fireman who knows his business 
unconsciously recognises these facts,. and in his 
method of working the fire as far as possible manages 
it in accordance with them, must be evident when 
it is considered that his two fundamental rules are 
to put on as small a charge at a time as practicable, 
and to distribute that charge in an even layer over 
the entire grate surface, so that each part of the 
furnace is about equally burdened with fuel, while 
it is chilled and its air ways are throttled as little 
as possible. Were he able to completely carry out 
his principles he would be constantly supplying the 
fire with coal, but doing so in minute quantities, and 
distributing them evenly as before. Thus both the 
choking of the air passage and the chilling of the 
fire would be, so to speak, quantities reduced to 
their vanishing points. But there are practical 
barriers that make this impossible. Every moment 
the fire-door is open an inrush of cold air is taking 
place that is the reverse of economical, and it would 
not do to have this going on constantly; besides 
this, the fireman could neither bear the continuous 
heat nor spare for this one operation the whole of 
his time, not 10 per cent. of which is usually thus 
occupied. And the evils resulting from the non- 
fulfilment of these conditions are of a very real and 
practical character. Upon a fresh charge .being 
thrown in, two deleterious effects occur at the same 
time. In the first place, the surface of the fire, 
where for the ignition of the gases a high tempera- 
ture must pecmenaily be maintained, is suddenly 
chilled by the layer of cold coal thrown upon it, and 
this effect is exaggerated and extended to the tubes 
of the boiler themselves by the inrush of cold air 
through the fire-door. In the second place the air- 
ways through the bed of the furnace are suddenly 
choked, and many of them in a few ,.moments 
hermetically sealed, as {the new coal, begins to. cake 
in giving off its tarry gaseous matter,. and this, too, 
just at the time when air is most needed. The 
result is of ;course a great excess of coal gas and de- 
ficiency of air, a fact made very obvious by the out- 
burst of smoke that ensues. Gradually, however, 
the fire burns.through, and as the volume of coal 
gas diminishes, the. supply of air and the reserve of 
heat increase, until they are equal to the require- 
ments. This takes place at the period when the 
smoke first disappears. A few moments later, how- 
ever, and the happy medium is again disturbed, for 
the out-put of coal gas still further decreases, while 
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cold air is in excess, and when there is in conse- 
quence a reduction in the temperature of the products 
of combustion. Thus a process of see-saw goes on 
between an excess of coal gas on the one hand and 
of air on the other, although to some extent this is 
avoided by the practice of so firing that the charge of 
fuel is partially coked in one part of the grate while 
an excess of air is passing through another 

It was a consideration of these facts that brought 
horizontal fans into existence. Their aim was simply 
to carry out the — of hand-firing with a 
completeness to which hand-firing could not pretend. 
The coal was still put on to the top of the fire, and 
it was still put all over the fire ; it was still put on 
as uently as possible, and it was still put on in 
as small quantities as possible, for it was being put 
on continuously and in individual pieces, this 
being accomplished with a closed door. The 
machine’s modest pretentions were simply that it 
was a perfecte dimitation of hand-firing, introducin 
no new principle, but simply carrying. out an ol 
one. Yet, notwithstanding the fact that these ends 
were attained in such a manner as usually to produce 
very economical results, it did not give unmixed 
satisfaction, and the reasons for this we propose to 
consider in a subsequent article. 

(To be continued.) 





BOILER AND ENGINE TRIALS AT THE 
SOUTH METROPOLITAN GAS WORKS. 


THE South Metropolitan Gas Works — Kent- 
road) supply with gas one of those districts of 
London vhich have been most rapidly extending in 
the last few years, and its own growth has to 
keep pace with the growth of the —— round 
about it, Its extensions have included a new ex- 
hauster house, which was opened in November of 
last year, the engines and exhausters being supplied 
by Messrs. Bryan Donkin and Co., of Bermondsey. 
By the consent and with the hearty co-operation 
of Mr. George Livesey (the manager of the —- 
Messrs. Donkin have just made a number of trials 
of this machinery, and we are now able, by the 
courtesy of the gentlemen named, to place full 
particulars of these trials before our readers, 

The ground which they cover, and the complete- 
ness and care with which the observations were 
made, give them special interest, and our thanks 
are particularly due to Messrs. Donkin for the 
trouble which they have taken to supply us with 
all the information necessary to work out the results 
in the fullest detail, ; 

The trials took place chiefly towards the end 
of December and in the beginning of January. 
They were superintended gan by Mr. Bryan 
Donkin, Jun. (with, whom were Mr. Frank Salter, 
Mr. Bacon, . R. Donkin, and others), and 
were witnessed by Messrs. George and Frank 
Livesey, and Professor Kennedy, as well as 
by Mr. Farey and other members of Messrs, 
Donkin’s firm, and by ourselves. They embraced 
(1) ee | experiments as to the power taken 
up by the different machines and by the engine 


different fuels and different conditions of fires, 
(3) determination of the condensation in the steam 
pipes, covered and uncovered, (4) engine tests at 
different powers, and (5) determination of the 
uantity of gas delivered and the cost of passing it 
through the exhausters. Before saying anything 
as to the trials themselves it will be well to describe 
briefly the arrangement of the exhauster house and 
the nature of the machinery at work. 
Machinery.—The general arrangement of the new 
exhauster house is shown in Figs. 1 and 2, page 80. 
The building is intended to contain, eventually, four 
Beale’s exhausters each capable of delivering 150,000 
cubic feet of gas per hour, At present the company 
have not nearly sufficient work for four such ma- 
chines, and only two are used, one old 80,000cubicfeet 








* See 
March 17, 1 
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as the air open the t increases, and 
we have the third period ‘of hoy in which the 


itself and the shafting, (2) evaporative tests with | - 


exhauster being also placed in the house. Duplicate ti 


vertical, and is worked b a link from the connect- 
ak, aeumen amen 


ing are used, 
driven by an 18-in, belt from the flyw 
engine, and the whole is so arran, 
engine can drive either or both of the overhead 
shafts, and therefore any or all of the exhausters, 
Pulleys are attached to the overhead shafts outside 
the exhauster house for driving tar and other pumps, 
and eventually a mortar mill and other machinery 
re agen Lin position. bie preg of the 
» except some e 
have been supplied and erected by Monsrs, Donkin” 
In the er house are two similar Lancashire 
boilers, one to be always a stand-by. A section of 
one of these is shown in Fig,3. The furnace gases 





return to the front of the boiler along the side 
flues and then pass back below the boiler to the 
chimney. Each boiler has a plain steam dome (as 
shown) and there are no cross tubes in the furnaces. 
The ere of steam pipes shown in Fig. 1 
has been — to fulfil the condition that either 
boiler should supply steam when required to either 
engine. It was most convenient to use for the trial 
the north boiler and the south engine, between which 
lies, as will be seen, a considerable length of steam 
Pipe, to which reference will afterwards be made, 

e makers of the.boilers are Mesars. Piggott of 
Birmingham, The furnaces are fitted with rocking 
bars, and the bars are zig-zag instead of straight. 
The rocking arrangement could not, however, be 
used on the first two days of the trial on account of 
the bricking up of the grate. 

The leading dimensiors of the engines and boilers, 
with the heating and grate surfaces, are given in the 
annexed Table, 

TaBLe I.—DIMENSIONS. 


ft. in. 
Diameter of high-pressure cylinder (gauged) 1 0 
, . low ” ” 1 8 

Stroke (both cylinders) ” .. 2. .. 2 8 
ee See ar ee mae 
Diam eter of low-pressure piston rod (one si 
Diameter of flywheel. 5. 0k... 12 0 
Diameter of boiler. ... 3: OB 
Length of boiler inet . 25 0 
Diameter each furnace (2) o 2 a 
Grate surface as bricked up 19th and 20th 7 
Grate surface on 20th December and 2nd to 

4th January oo on oes on one rg 
H . pew al "i halt ‘of ; 

eens 4 Stata gg pass 504 

grate surface... — .. ‘ive $e BR 02:1 


Distribution. of Power.—'The preliminary’ expé 

ments aready OSes wera ou varus 
days between November 29 and Dece 13. 
A summary of their results is given in Table II, to 











engines—one to be always simply a stand-by—are 

provided for working the exhausters, onebeing placed i dat fie! re ougios, 

at each end of the building. Each enging is a 30 46 hi 

horse power nominal compound horizontal, of Messrs. f . Psa i ree 

Donkin’s usual type, which’ has several times been things ten A. oy 

described hy us.* The low- cylinder (which Cethb dats 

alone is jacketted) is placed behind the high-pressure, | 5¢ 5 Seah iesererscin 

and has the same axis with it. The air pump is pl. ape 
icularly, ENarNgmRiIna, April 24, 1874, and bch Lipari 
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lutions and 30 in. (water) gas pressure 


on the first day’s trial that the results as to power | ment, The can was mounted on trunnions, so that 


out. 


as to empty its contents into a small tank on the 


nearly to the first day’s engine trial, and the | and cost per 1000 cubic feet of gas can be worked | it could be filled from a tap and then tilted over so 
gas pressure 


tion 70 revolutions and 30 in. 






SS ee 


pretty nearly to the intended full speed of the 
engine. The excess of power on the second day’s 
engine trial over that stated here is chiefly due to the 
churning resistance. Asa matter of some little in- 
Se =) Saree ae @ end S cogine of the 
indicator taken from the north engine when it 
was running omg ch 

Work duri isis.—The first day’s engine trial 
was made with just the work that ing at the 
time, The ges was drawn from the hydraulic main 
through scrubbers and washers, and forced through | 
washers and purifiers on its way to the gasholder, | 
About 490 retorts were at work. The make of 
on this day was about a maximum, the consumption 
being always largest about time. On the | 
second day the work, as we have mentioned, was | 
artificially increased by churning the so that the 
engine could be run at‘nearly its intended (ultimate 

On the third day a throttle valve was 

for churning the so as to make the work about 
equal to that on the second. It is, therefore, only 


Fig 7 * 
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Observations made and Methods of Observation.— 
The feed water was measured in a can which contains 
exactly 100 lb. of water at 80 deg. Fahr., and which 
has been specially checked by the Standards Depart- 















I wes lor Condensed Water trom Jadiets and 

Stearn Fives to Stearn Traps Feed, Wells {~~~ 
Pipes for Injectir Water 
Delivery 0 Boiler Sacbihdeges 
Suction from Eads WEL. penne 


ground from which the feed pump drew continuously. 
This tank was filled to an overflow opening before 
starting, and was again filled to the same openin 
at the end of the trial. The number of cans o 
water and (as a check) the time at which each was 
filled were noted tely by two observers. The 
temperature of the water was noted every quarter 
of an hour. 

Steam was got up in both boilers, and a as 
nearly as possible at the same pressure in each, to 
avoid ‘chance of leakage. The fires in the north 
boiler were drawn before starting, and lit up in 
with 28 Ib. of wood. The water level was marked 
on a scale attached to the gauge glass, and at the 
end of the trial the same level was obtained as nearly 
as possible, allowance being made for the slight 
difference. The steam pressure was noted every 
half-hour. The fuel was weighed out as required on 
a machine placed on the floor. The number 

i and the time of each was noted. The 





of firings 
boiler itself and all its fittings had been tested and 
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THE PENNSYLVANIA RAILROAD. 
JUNCTION OF THE. WEST AND NORTH BRANCHES OF THE SUSQUEHANNA. 





TABLE I1.—PreLimMinary EXPERIMENTS. 
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Revolutions - is 
per Minute. | “2 | 2 
=| § 
Date, a0 Gas Pressure in Inches 
$ 5 g ’ of Water. Wonr Om 
SEAR IR 
aials ae 
Dec. 8/| 59 | ... 3.7 ate Engine only, no shafting. 
Noy. 29 60 Re 9.5 te Engine and shafting. 
Dec. 3| 46 | 38.27 uy |i ea 24.97| Engine, 150,000 exhauster, shafting, tar pump, 8-in. 
. pump. 

| Pressure 22,5 ‘ i 

Dec, 5| 70 | Go | # | 81,3 | {Pressure 28,5 } 04 50 Hagine, 140,000 snd 80,000 exhenstees, etfiing, tae 
SoutH ENGINE. 

: 
Dec, 3 | 70 a | 9.4 Pat Engine and shafting. ; 
Dec, 7| 62 | 52.25 a1.3 | { Pressure 20.7 } 29.7 | Engine, 150,000 exhauster, shafting, tar pump. 
Dec.10| 55 | 45.7 | @ | a1.3 | { Presmre2S.® } 95,4 Engine, two 150,000 exhausters (not churning), shafting, 

in. pump. 
Dec. 18 | 55 | 45.7 vs | 34.0 $1.5 | Engine, two 150,000 exhausters, shafting, one water 
| pump. 
| § Pressure 27.22 . , a 

Dec. 11 - 86.1) + | 448 a nas} 88.75| Engine, two 150,000 exhausters (churning gas a little), 











APPROXIMATE DISTRIBUTION OF POWER. 














At 52 Revo- | At 70 Revo- 
lutions A —— raft 
a Engine an e an 
30 in. Gas 30 in. Gas 
Pressure. Pressure. 
Engine ... oe bes “ 3.0 4.0 
Shafting ... ane wala cal 4.4 5.9 
Two 150,000 exhausters, not 
churning sad ove 23.0 31.0 
Horse power 30.4 40.9 








examined, and were known to be tight. The boiler- 
house observations occupied two observers, besides 
the men lifting the fuel, 

The observations in the engine-house took five 
and sometimes six observers. Two indicators were 
attached to each cylinder, and the four di 
were taken simultaneously every half hour. The 


steam pressure in the engine-room (the 
eonnected to a 44-in. pipe some 8 ft. or 


was 


fof. from 








the jacket) and the vacuum were noted for every 
set of A mercury gauge was used for the 


vacuum. Two counters were attached to the engine- 


a second in case any accident happened to the 
rst), and a counter was also connected to each 
exhauster. These were read at intervals. The 
vacuum on the suction side of the exhausters and 
the pressure on the other were read every half-hour 
on water gauges in the engine-room. The tempera- 
ture of the gas, both inlet and outlet, was fre- 
quently, and the temperature of the outer air, of 
the gas in the holder, and of the air in the engine- 
room, as well as the height of the barometer were 
also noted. The quantity of gas made is measured 
at the South Metropolitan Gas Works simply by 
the rise of the holder according to a table which has 
been made up for each holder, giving the quantity 
corresponding to every height. This was noted 
every two and a half hours, The holder filled was 
177 ft. diameter in top ring, 180 ft. in bottom ring, 
These observations took in general three observers. 
The discharge from the engine was run into a tank 
and over a tumbling-bay according to the well- 





known Farey-Donkin method. A very neat and 
ag 7 wer gag ey omens 4 the height over the . 

y, designed by Mr. Bryan Donkin, Jun., using 
Mr, Farey’s construction of float, was employed at 
this trial for the first time. As this was the first trial 
of a new instrument its indications were checked by 
reading on a scale e ten minutes in the usual 
way, but no sensible erence was found at the 
end to exist between the results of the two 
methods of observation. In this recorder one 
of Mr. Froude’s pens is attached te the float 
(which is very carefully arranged so as to move 
with the greatest freedom on glass guides), and is 
made to mark a line on a sheet of paper moved in 
front of it by clockwork. A second pen, attached 
to a small horizontal arm, marks a zero line, and is 
lifted off the paper once every quarter of an hour 
so as to leave ® gap which serves to mark the time. 
The scale of the recorder was checked at zero, 
both before and after each t, and the 
tumbling bay levelled. The temperature of . the 

i beyond the tumbling bay was read on a 
thermometer with large degrees every ten minutes. 
We have on a former saedendeoalind very 
fully the construction and-use of Messrs. Donkin’s 

i e tank,* we need not, therefore, say 
more aboutit here. We may add, however, that we 
tried several times, placing the thermometer in the 
water above the tank instead of below it, to seé if the 
one temperature were any higher than the other, 
but there did not seem to be any appreciable diffe- 
rence. Messrs, Donkin urge that if there were it 
would still be more correct to take the discharge 
from than into the tank, as the mixture of the con- 
densing water and condensed steam is then so much 
more thorough. One observer had his whole time 
occupied, as will readily be understood, in attending 
to these discharge measurements. 

The tem ure of theinjection water was noted 
every two hours. It had to be measured outside the 
engine-house, and it was thought possible that dur- 
ing the few seconds which it took to pass through to 
the condenser, in the somewhat warmer atmosphere 
of the engine-room, it might get a little raised 
in temperature, To set this point at rest, a bye- 
pass was made on the injection pipe, close to the 
condenser, by means of which a quantity of 
boyd — be int ved and ae 

e €-pass, ’ 

i saoniiend as it ran out. During one day it 

was thought that a difference of a quarter of a 
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degree was detected, but on the others no difference 
could be seen between the temperatures, so that that 
measured outside has been assumed to be cortect 
throughout. 

Two steam traps were provided,,;one connected 
with the jacket, and one with a bend in the steam 
pipe about 18 ft. from the jacket and below it. It 
was hoped that the latter would take off all the 
water condensed in the pipes, leaving to the former 
only that .condensed in the jacket. This was not, 
however, found to be the case, unfortunately, and 
other means had to be taken to determine how much 
water had been condensed in the pipes independently 
of the jacket. The discharge from the traps was 
measured in pails on which a three-gallon mark had 
been made. A separate observer was fully occupied 
in attending to the steam tra; 

As to the condition in which the engine and boiler 
were at the time of the trial, it is only necessary to 
say that they had only been in work about six weeks, 
the last three weeks night and day. The lubricant 
used in the cylinders was beef suet, passed through 


the steanti’ Sh ngnee.coly- During the first 






not meet thé ebjection that, according 
to present practice, many’ of Council hold almost 
permanent appointments, or at all events for lon iods, 
as was so clearly shown in the diagram you published in 
ENGINEERING, 14th December last (one which seems to be 
necessary ’ 
e Council, but I heartily approve of some plan 
for their eleetion, such ad:Mr, id ge » te allo 
the members to have a in, ing up house list, 
which is, issued previous to: the . When we look 
round the Institution, aud note the number. of able men 
oT vane i Ba sim Fath pA eaten “C weal 
’ . ’ ing Co 
exclude Theme from the Piictine 


and when we find 
that the new names! usvally put for are often those of 
country, or even unknown members, 
itself upon one’s mind that t 
dummies not fo’be 















the 


an who at the last ing claimed 
own ‘or inal, and sited tha the Connal 
: objec and danger of crea 
perm Gass in the Tistiention have ‘been so ab! 
Soden in ENGINERRING Of the 4th 


n; as @ meanl 
a fellow,”’ 


eed, 






ble requirements 


| impracticable to ‘‘ level down ; an 


on 
most distinguished 
a. com: 
! F. Fairlie 
teeta 
yeh ppg Beyer and 
i its of all sec- 


Council is self-elective. Some nine hundred members are 


btained from a man who was at that timea shop - 





ae nao Pomme Bane — eighteen 2 dred are 
represen ‘our, two of whom are generally military 
engineers ; wel further to weaken the power of thee four, 
they are by custom changed annually, whilst the bulk of 
the twelve are 


Due weight is therefore wanting to the opinions and in- 
terests of the t majority, and they have by. igenene 
action exp: their determination at length to remedy 
such a state of affairs. The sore point is that the bulk of 
them feel that they are as much entitled to the full rights 
of M.I.C.E. as a great number of those who now occupy 
that position. They are relegated to second class, and are 
determined not to remain there. They know that keeping 
them there is a violation of the charter, and they have 
made up their minds to 'y such. No evasive scheme 
of apne | them by chi 
they aim at is to be put in the first class, and with that aim 
Se eras. If all the present members are to be 

Fellows, they have discrimination enough to see that 
such would be 
malies. If a 


large selection is to be 
do that so as to give general satisfaction? e entire 
per | of engineer associates would vote against it, together 
with all those members who would see that such a project 
would again relegate them to second class. If a small 


number of Fellows were. to be ¢reated what good would 
that do? It would simply ‘‘ water’’ the dignity the term 
** Member of Council,”” or “‘ Past Member of Council ”* 


now, j 


confers, and the would pro be 
. To ® tne Sat cell at be oui 
, or at any ra’ a great ma: would, 
to me, be » suicvlal act 1 thust the Council will ha 
discrimination to avoid. 
is to’ be done?. Revert, T sey, te. shi 
original charter. Make en, eers 
the associates be men who are coumannel 


it 
ve 


& 
as 
“y 
& 
F 





of 
would oby ‘difficulty ‘atten 
lo hepies darh is most iiaportant of all, you would 
retain the time-honoured terms. EIN 

The extension of the roll of M.I.C.E. to all engineers of 
mature age is the sine qud non to settle the existing discon- 
tent ; any increase of their representation on‘the Council, if 
accepted at all, would merely be so as a means of more 
effectually carrying out their determination. It would not 
allay the present excitement. Itis _, to ‘‘ level up,”’ 

if it be asked what is 
to be done with the class of Students who have outgrown 
the name, there again I say revert to the original term of 
Graduate, or, if necessary, create a class and call it by 
some special name, such as Engineer-Associate. 

Such a scheme offends the feelings and prejudices of no 
one, it would give satisfaction to all, remove all revolu - 
tionary feeling, restore harmony where discord now exists, 
and be accepted by a unanimous majority. 

With the welfare of our old Institution cordially at 
heart I have penned these suggestions, and disliking as I 


& do all anonymous contributions, I unhesitatingly append 


my name and am, Sir, 
Yours respectfully, 
Joun Drxon. 








THE FAIRLIE ENGINE. 
To THE EDITOR OF ENGINEERING. 
Srr,—I beg now to hand you the various letters to 
which I referred last week, and which I beg you will do 
me the favour to publish. 
Yours truly, 


Rosert F. Farruiz. 
Westminster, January 24, 1878. 


Ginaciticn,) 

Administration of the Association of the Tamboff-Sara- 
toff Railway Company, St. Petersburg. Great Morskoi, 
h. No. 15. December 1, 1877. No. 1084. 

The Administration of the Tamboff-Saratoff Railway Com- 

pany hereby certify that the locomotives on the Fairlie 

system are perfectly satisfactory, as in the specification 

and construction as well, and that up to this time no im- 

pediments have occurred as to their repair. 

Adminstration of the Tamboff Saratoff-Railway 


(Signed) a We 
. WALLIBACHOFF, 
Chairman of the Board. 
Manager of the Administration of Affairs, 
(Signed) STOJANOFF, 
i and Manager. 


Nors.— These engines ee working in 1871. 


(Copy.) . 
Tifti November 26, 1877. 

Ad tor of the Pott-Tiflis Rail AS nll 
ministrator of t ott-Tiflis Railway Company. 
Servants, Material, tastina theock Workshops De- 
partment. No. 


t. 
BR. F. Fairlie; Esq., 
Sir,—In reply to what is said in the letter of Messrs. 
pa ag ey pe gens eh 
mt I can say something a 
the Tamboff-Saratoff Railway, where T was the locomotive 
aie at the time w essrs. 2ever, Peacock, 
private letter. At that time I was well known to them, 
‘and I am i ing from whom they ob- 








greatly at finding 
tained the information which is quite new to me, and at the 


of name will avail. What: 


unreasonable from its multitude of ano- | not 
i made, is it ible to }@e 


manager 
at, Saratoff on the Tamboff-Saratoff Railway. This man 
came from the works of Messrs. Beyer, Peacock, and Co., 
and was well acquainted with Mr. Jaeger, who opposed the 
Pairlie engines simply because he had never seen them at 
work, but thought that an engine made on the principle 
could not be a good one. Particulars given in a private 
letter to Messrs. Beyer, Peacock, and Co. are quite incorrect 
and misleading ; t' were given by a person who has never 
engines on the line, but only at the shop, and who 
never had in his hands all the iculars about them con- 
at ny oe ap ae of fuel oil. 

The Fairlie engines did not work on the Volgo branch of 
the Tamboff-Saratoff Railway, two miles long, but on the 
fourth section of the line from Saratoff to Atrask, and at 
the present moment on the first section from Tamboff 
to Kirsgnoff as well. Every one knows that fifteen engines 
are too great a number for two miles. 

The Fairlie engines could take forty ms, but were 
allowed.to take more than thirty, use wagon 
were*notstrong enough. Class 2368 of engines 






? yrs , and Co. could take on 

i 1 f£.to Atrawk only sixteen 

os; and it was: ‘maximum: work, in both canes 

speec ex y the . F an hour. 

pd i rt ae 

F se the time-table was’ all the 
trains. Sometimes ins ¥ by Fairlie 
ibe and sometimes by goods by Messrs. 
Beyer, Peatock, andCo., ‘ é once 
more that the: of private letter were not given 


by a competent person. 

I never had on the Fairlie engine more than four men, viz., 
one driver, one assistant, and'two firemen, and it was only at 
-the begi Be teg Peete age scp And gman 
was only the wages of one fireman at 
Tt is at first in the old 

leaked; but in a few months 
much better, and now with the’new system it does 
not leak at all, ' 


In the latter part of 1874, I was at the works of Messrs. 
Peacock, and Co., and: Tasked them if they could 


etie : 


five engines—Fairlie’s system—for 


t | the ‘Taenboft Soratoff Hei ee t 
- : way; . opponen 

.of theseengines, the late . Beyer; with me to 
make these ex mi e they had too 


ha 7 them in the time 
they were wanted. It is true the time specified was very 
short—only seven months. That was the —! reason why 
these engines were not en to them. Messrs. Beyer, 
Peacock, and Co., and the late Mr. Beyer personally, never 
declined to make them. Messrs. Pye, eacock, and Co. 
in their letter published in Mr. Jetter’s report, say ey! 
declined to build Fairlie engines. A letter, copy of which 
ive below from Messrs. Beyer, Peacock, and Co., and which 
f ask you to publish if you deem fit, will speak for itself on 
this point. I can prove that, by letters which were exchanged 
with me at the time. On the contrary, they agreed to 
make these engines, and nearly every thing was finished, 
only my directors at that time ordered me to give the 
engines to that firm which will make them the earliest. 
Order was given to the Avonside Engine Company. The 
first ten Fairlie engines for the Tamboff-Saratoff Company 
were built by Messrs. Sharp, Stewart, and Co., and like 
all first engines they had many small defects, and that was 
the reason why these engines were often at the repairing 
shops. It 1s true that two engines out of ten were at the 
shops, but not because they were out of order after running. 
I was obliged to send them to the shop for changing the 
first made-ball joints, steam pipes, and other details. 
At the last time I never had more than one engine at the 
time, and this was well known to the man who wrote the 
private letter. I have worked the Fairlie engines since 
1870, and am perfectly well satisfied with them. No one 
can blame the system when any engine made of inferior 
materials and bad workmanship soon gets out of order. If 
I should want some more engines, they will be no others 
than Fairlie’s. 
I remain, dear Sir, yours faithfully, 
Signed N. P. VassI.ier. 
Locomotive Superintendent on the Poti- 
Tiflis Railway, Caucasus. 


Gorton Foundry, Manchester, 
February 3, 1875. 

Dear Sir,—We are informed by the Tamboff-Saratoff 
Railway Company—for whom we have an order to con- 
struct five of your double-bogie locomotives—that you will 
supply us with a full set of om of their present engines 
built on your system, with such improvements as your 
further experience s, consistent with keeping the 
engines us far as possible duplicates of those they have. 
We shall be glad to receive them as early as convenient, 
likewise all the information you can.furnish, to assist us in 
making the best possible job of the engines. 

We are, dear Sir, yours truly, 
(Si ) BEYER, Pacoon, AND Co. 
Robert F. Fairlie, ., Palace Chambers, 
Victoria-street, London, 8.W. 


(Translation. ) Ii. 
Tiflis, December 7, 1877. 


‘of Dosemier © 1877. 
f the M wien *fthe Poti-Tiflis Ratiway. 
i ing been present at trials 
our » L came 
that for heavy wit: 


the curves of 
radii thet euveliy accompany them, the locomotives 

ing to 
In 1873 


desired 
system commenced to 


(Copy referred to.) 








angen tg a 
work on the heavy gradients. Unfortunately many defects 
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in the putting together and construction of different small 
details, and perhaps also the incompetency of the staff, 
were the cause that your locomotives did not work well. 


ea — frequent, of which the chief was the] double = whe — 

ing of the steam pipe. sumption per kilometre and per train of your engines 

However, when the pipes had been strengthened, and | is 5.04 ish cubie feet, that of ios one 

many other little matters remedied, they worked better | tender engines 3.82 cubic feet, but because the tractive force 

than at first. of your locomotives is 11,034.8 ki » while that of 
In 1874, having the m ement of line over | the tender is only 5,992.7 es, their 


a om pe 
the Caucasus, I again found myself oneal led as to which 
was the best system of locomotives for hea 
oe appeared to me too costly. As the hea’ 
. had adopted for my projected railway were 

those on the for mentioned line, I, 
to have this line constructed and. wort 










condi é ty tat 
isted, to the detriment of your engines, in, the 
I had formed against thex ; * 
proveexints hed beets ix Mit the w 


in charge of the working of the. iin 


Administration of our 


well acquainted with your engine®, ‘Was 
to accustom them to the heavy. Ss. 
worked well, breakages were rare, 
continued to appear heavy. 

Towards the end of 1876, in con: 
tion of the army, our railway was cal 
of work that appeared would exceed its 
to your engines, the Army Administration, 
impatient and so exacting in such circums 
always satisfied with our railway, notwithstanding 
enormous number of the troops and their supplies which 
had to be carried in a short space of time. 

To show fully the service which your engines have 
rendered us, and to demonstrate to you the reasons that 
have induced me in error to look unfavourably upon your 
locomotives, I must enter into a few details. 

The extension in length of our railway over the moun- 
tainous part of the line, between Kirrille and Mikhaylowo, 
is 63.4 kilometres, of which 42.9 kilometres between Rirrill ille 
and Bejatoubani have grades of 0.022, and curves, almost 
without interruption, of 160 and 170 metres radius ; 
16 kilometres between Bejatoubani and Souram have 
12 kilometres of gradients, and slopes of 0.045, with curves 
of 200 and 300 metres radius, and 4.5 kilometres from 
Souram to Mikhaylowo, which have no slopes steeper than 
0.0125. 

The first of your engines only worked the portion of the 
line between sletouiend and Mikhaylowo, and on this 
small portion their work was all to their disadvantage. 
Besides their stoppages at intermediate stations—Souram 
and Poni—their stoppages at Mikhaylowo, and, above all, 
at Bejatoubani, were voy lens: because they had to await 
the trains arriving from Tiflis and from Poti. 

With their capacity for mounting the heavy gradients of 
0.045 they were obliged to take the same train after leaving 
Mikhaylowo over the slight inclines, because at Souram 
there is no dep6t. Besides these imconveniences, the 
officials dared not attach more than five carriages to the 
train, although your engines could draw as many as eight 
carriages loaded, because they were afraid of the ao 
parting, and causing a terrible catastrophe ; without doubt 
the working of your engines under svch conditions cow 
not but be very costly. The new officials added a sixth 
loaded wagon to 
traffic on the line increased, a double train was taken with 
a tank locomotive on six-coupled wheels at the head, and 
one of your locomotives behind. In this way we were 
enabled to transport from 10 to 12 loaded wagons, as there 
was then no fear of the coupling parting. Had we had 
sufficient of your engines wé_ d have taken the double 
train with two of your locomotives, and then it would have 
beer possible to transport fifteen loaded wagons ; but not 
having more than eight engines of your system, which had 
to work the whole portion of the line between Kirrille and 
Mikhaylowo, a distsnce of 63.4 kilometres, this number of 
engines was insufficient. Between Kirrille and Beja- 
toubani, because of the curves of 160 metres radius, our 
six-wheels coupled tender locomotives could never work, 
and the four-wheels coupled tender locomotives, which at 
first worked this part of the line, were far too light to take 
the heavy trains during the mobilisation of the army. 
Thus, we only having eight of your locomotives for such 
rough work, were obliged to keep them var Be as 


, but, thanks 


80. 


without interruption, and it was then that the brilli 
qualities of your engines became evident. The monthl 
running of your engines, notwithstanding - slow youl, 


which did not exceed 12 kilometres per hour, amounted to 
2780 kilometres, which is equivalent to more than 33,000 
kilometres yearly. If we take the of luggage trains 
under ordinary circumstances, 24 kilometres per hour, the 
distance run annually by your engines would to 
more than 60,000 kilometres. It is necessary to add to this, 
that in spring time, in consequence of a terrible inundation 
which carried away rails and sleepers in many parts of the 
line, it was necessary, to re-establish the communication as 
quickly as possible, to make a temporary line with curves 
ae ran ie 
chief quality in ‘your system, in'my opinion, is 

the be pr which carry upon them all the most delicate 
parts of the engine which ordinarily deteriorate soonest, 
can 80 quickly be by other in good state of 
ee See ne of the whole standing 
a long time in the depdt. , the con- 
ecting rods, cylinders, and steam pipes 
the bogies out of use. Above all, when it is required to 
c the tyres or turn down the wheels, the replacement 
of a bogie only takes two ee an ordi- 
nary locomotive has to remain in for two months. 
As we have three ies in reserve, they suffice to keep 
your engines em it without 

With reference to the cost of fuel for the locomotives on 





the trains, and afterwards, when the | last paragra 
says “‘the tyres were 


tread, the rapid 
plete Joe cad of 
months.’’ 

An experience of seven years’ worki 


eurves and steep gradients enables me 
marked feature in the Fairlie engines i 





your princi 
tives, the 


wheels coupled 


ti con- 
sumption of fuel ought not to be more than 2.74 cubic feet. 
To sum CE coh ogee of your engines they are : 
1. ke not necessitate either heavy rails or 


2 
3. 
jolts 


or 
4, Their 


their use, Ww 


easy 


to give you what help I can, and state my opinion quite 


freely. 
I would am 3 at apy to ote our ogee for all 
urposes an: kinds of traffic, or partic things 
P would not hesitate in the least to use them, and I am 
satisfied they would be successful. 


(Copy.) 


51, 
Robert F. Fairlie, Esq. 
Dear Sir,—I¢ is with no small amount. of 
have just read Mr, Jetter’s 


absence of 


now at work since 1869, will assertion. 


On my return to Burry 
statistics of the working of the “ 
Tam, deat Sir, yours 
(Signed) 


Superintendent and Engineer Burry 


made b; 


Stewart and 


was in the course of & recent 


Palace Chambers, Victoria-street, Westminster, j 


To 


Srr,—In the last number of ENGINEBRING, you illu- 


st comparison can be made between the six 
netuns' hich 7 i 
gradiente of 01045. The avenge one tin 


3 They do not wear the rails at curves of small radius. 
Their running.round curves is smooth and easy wi 
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and Reading Coal and Iron 8 Yail-mill a 
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FIFTY-TON OVERHEAD TRAVELLING CRANE. 
CONSTRUCTED BY MR. MICHAEL ALCOCK, ENGINEER, MANCHESTER. 





We illustrate above a fifty-ton overhead travelling 
crane designed and manufactured by Mr. Michael Alcock, 
of Windsor Bridge Iron Works, Manchester. The crane 
is 87 ft. span and is driven by square shafting carried on 
vertical self-lock bearings, which are better adapted 
for this purpose bell-crank or weight-pendulum 
bearings. All the motions of the crane are controlled by 
one man from the platform on the crab between the 
girders, a position which enables him to keep the ma- 
chine as well as the weight to be lifted ciearly in view. 
The coned wheel with reversing levers marked A com- 
mands the main chain for hoisting; this motion is fur- 
nished with two — The cones and levers B are for 
traversing the crab, and those marked C are for the lon- 
gitudinal motion of the crane. Movement is transferred 
from the shafting to the cones by the gearing D, and it 
is driven by a pair of coupled engines to one end. The 
crane illustrated was made for Mesars. J. Brown and Co., 
Sheffield, and we believe that a second is in course of 
manufacture for Messrs. OC. Cammell and Co. 





THE JAPANESE IRONCLADS. 

Tue three warships building in this country for the 
a Japanese Government from the designs of Mr. 
E. J. Reed, O.B., F.R.S., M.P., of which we gave illus- 
trations and detailed descriptions on the 16th of Novem- 
ber last, have now all been tried under steam, and are 
expected to sail for Japan in the course of the next few 
weeks. The official s; trials have given very satis- 
factory results. The Foo-so, an iron vessel 220 ft. long 
and 48 ft. extreme breadth, plaied with 9 in. of armour, 
was tried upon the measured mile at the Maplin Sands 
on the 3rd inst. She has eight cylindrical boilers each 
11 ft, 3 in. in diameter, working at 60 lb. pressure, and 
two pairs of Messrs. Penn’s horizontal compound trunk 
engines driving twin screws 15 ft. 6 in. in diameter with 
a pitch of 16ft. The cylinders are 58 in. and 88 in. in 
diameter with 30 in. trunks, and the stroke is 30 in. Her 
draught was 17 ft. 1 in. forward and 18 ft. 1 in. aft; the 
immersed area of midship section was 788 square feet and 
the displacement 3639 tons. The vessel was under way 

hours in all, and steamed at full speed without stop- 

for about three hours. Six runs -veré made upon the 
mile, which resulted in a mean speed of 13.16 knots per 
hour with an indicated horse power of 3824.- The esti- 
mated speed was 13 knots. number of revolutions 
made was from 98 to 94. A steady re of 59 lb. per 


square inch was kept in the boilers during the trial ; and 
in both condensers the vacuum was 27 in. 

The Foo-so showed excellent manwuvring powers, 
answering quickly to the action of the helm, and turning 
and satisasterily. ‘Tho bi 
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The Kon-go, a composite corvette of 231 ft. in length, 
40 ft. 9 in. extreme breadth, and 17 ft. 6 in. draught of 
water, built and engined by Earle’s Shipbuilding and 
Engineering Company (Limited), of Hull, made her 
official speed trials off the mouth of the Humber on the 7th 
of December last. The engines are horizontal compound 
with return connecting rods. The cylinders are 60 in. 
and 99 in. in diameter, and the stroke 33 in. They are 
constructed to work with a boiler pressure of 60 Ib. and 
to indicate 2500 horse power. The screw propeller is 
16 ft. in diameter with a pitch of 17 ft. 6in. In the 
notice we gave of these ships on the 16th of November 
we said that the speed expected of the Kon-go and her 
sister ship the Hi-yei, to be noticed presently, was 
13} knots, but that judging from the beauty of their 
lines and the magnitude of the engine power it was not 
unlikely that that estimate would be considerably ex- 
ceeded. 

Six runs wete made by the Kon-go over the measured 
mile at Withernsea, which is on the Yorkshire coast, a 
few miles north of Spurn Head, with the following 
results. The steam pressure was kept steadily at 60 Ib. 
and 61 1b. per square inch in the boilers; the vacuum 
was 254 in., and the revolutions increased during the 
trial from 82 at the commencement to 87 at the close. 
The power indicated was 2450. The mean of the six 
rans was 13} knots, but each pair of runs was so much 
better than those which preceded it, that if the day had 
been longer so as to have enabled one or two more pairs 
of runs to be made, the means of the last six runs would, 
in the opinion of Mr. Reed and the engineers on board, 
have reached 16 knots. 

The remaining vessel, the Hi-yei, a sister-ship to the 
Kon-go, built by the Milford Haven Shipbuilding and 
Engineering Company (Limited) at their works in Pem- 
broke Dock, South Wales, and engined by the engineers 
of the Kon-go, made her official trials on the 26th 
ult. off Cardiff. The distance upon which she was run 
was bounded by a buoy and a lightship, and measure- 
ments taken upon the chart showed that the mean of 
four runs gave a speed of about 144 knots per hour. 
A patent log that was left out during the whole time the 
vessel was running, and which would show less than the 
true speed owing to the loss that would take place in 
turning at the end of each run, indicated a speed of 
13.915 knots per hour. This would show that the Hi-yei 
considerably exceeded 14 knots, and that the class of ves- 
sels she represents are able to do a good 14 knots per hour 
over the measured mile. The trial of the Kon-go points to 
the same result, as there was every appearance of reach- 
ing 14 knots with her if there had been sufficient day- 
light to have kept on running her. The performance of 
| the engines was considered highly satisfactory and an 
indicated horse power of 2490 was obtained. 

The trials of these vessels have been made under the 
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personal directions of Mr. E. J. Reed, and in the pre- 
sence of His Excellency the Japanese Minister and 
suite. 





Dom Pepro Szeunpo Rartway.—This Brazilian line 
is to be extended to the Gamboa. The extension will in- 
volve a tunnel through the Morro do Livramento. 





LIVERPOOL ENGINEERING SocrEeTy.—At the meeting of 
this society, held on Wednesday evening, January 30, Mr. 
Robinson Souttar, President, in the chair, the discussion on 
Mr. 5 = was continued, and subsequently Mr. 

hur J. Maginnis read an instructive and interesting 
paper on “ Atlantic Lines and Steamships.’’ The author, 
in the early part of the paper, gave a short review of all 
the important companies and vessels which have been 
engaged in the Atlantic trade since 1840, in which year the 
first steamship sailed. After eee Se various 
schemes, more or less successful, which have from time to 
time been tried for reducing the passage between Euro 
and America, Mr. Maginnis drew attention to some of the 
more important improvements considered from an engineer- 
ing point of view, introduced in the vessels of the ite 
~ +e other lines. Aniong ~y ma: a ey — 
acting compound engines; and in the of the vesse 
itself, the proportions of length and breadth are increased, 
and the bulkheads carried up 16ft. above the load line. 
The advantage of these improvements may be estimated 
from the fact that while the speed of Atlantic steamers has 
increased from 8.3 knots to 15.6 knots, the consumption of 
coal = indicated horse power has from 4.7 cwt. 
to 1.9 ewt., and the consumption of coal per ton of 
delivered has decreased from 48.35 ewt. to 44.5 ewt. The 
paper included some instructive tables carefully compiled 
tom official sources. Table No. 1 gives the names of 
the Atlantic lines = =~ {é with the amy | Fgh ye ers = 
gross tonnage employ m le we 
that out of 182 vessels of 556,350 tons te, 125 are 
British, representing 377,905 tons. Table No. 2 contains 
particulars of famous Atlantic steamers, showing the name, 
owner, where built, and when, dimensions, tonnage, horse 
power of i and how propelled—whether screw or 
paddle. Table No. 3 is a record of rapid made by 
Atlantic steamers from 1840 to 1877, and is interesting as 
illustrating the —_— reduction of the passage across the 
Atlantic from 14 to 7 days. Table No. 4 gives the a 
duration of the passages 
ere. lines, and illustrates the 
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THE PARIS EXHIBITION: SECTIONS OF AQUARIUM. 
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We lately (see page 42 ante) in one of our articles on 
the Paris Exhibition described the nature of the fresh- 
water aquarium now in course of construction in the 
Trocadéro for the forthcoming Paris Exhibition. We 
now illustrate by a two-page plate, as well as by en- 
gravings above, this work, and our illustrations are so 
clear as to render description almost unnecessary. It 
will be noticed that the structure is sunk below the 
ground, the level of the paths being 26 ft. 2in. below the 
natural surface. Fig. 1is a plan on the ground level, 
and shows the general arrangement. The plan shows 
that the tanks aie distributed around the periphery of 
the enclosure and in the centre, and these tanks are open 
at the top, the intervening e being filled in 
with paths and beds, access to which is obtained by a 
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rustic bridge at one end. In the centre of the aquarium 
is a fountain of the design indicated ar. 
rangement of pipes, &c., being given in 
Access to the underground portion of 

Figs. 5, 


gained by several rustic stairways, &c., 

latter giving the arrangement of paths, tanks, &c., 
The 8 are twenty-four in number, and of the size 
and forms shown in the different sections. The frames 


of the tanks, as well as the roof over the pathways, and 





ae.) ee. ne 
the accessories of the aquarium generally, are in rustic 
rockwork, decorated with suitable plants and stalactites 


Only fresh-water fish will be collected here. 
—= 


SOCIETY OF TELEGRAPH ENGINEERS, 
President’s Address, read by Dr. C. W. S1zmuxs, 
mf 23, 1878. 
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objects as the ringi of call bells, and the transmission of Repeeins 0 colin’ exaee of gutta-percha and india- 









tendence, between Manchester and Bowden, telegraphy itself “dit < d 
had not advanced sufficiently to call for an appli + Tf this the sound-waves t additional circuits. rubber, it is ’ that the Indian Go- 
invention upon a more extended scale, has only met| Considering the minuteness of the electrical impulses and | vernment bave turned their attention seriously to the 
with favour on the part of h administrations since | their high electro-motive force, it seems probable that they | question of making plantations of trees bearing these gums, 
an ie odustion be peblic netioe by Br. Boars, of Boston, wil Be capable of being Hammes te very quece Cisteness chiefly in the Malay Peninsula, under the able direction of 
in 1872, who improved however upon the onpee ssnnee h conductors of comparatively = Sepenstene, = eee, ane of Dr. 8 1 hy Deon ot 
i i that those conductors are su orest in ; is C) 
ment by balancing the discharge from the by only es bjected Departmen ye 8 seapty af Saati 













these wise 
able materials will be secured, while A wy for in- 
ae Logue will probably be improved by means of 
cultivation. 

The outer covering now generally applied to shallow sea 
cables consists ofa sbeathing of iron covered with a 
double layer of bres in i 
the cable in a heated condition, and this, if properly carried 
the | out, affords very efficient protection for the iron heiihing 

corrosion, 

In the construction of deep-sea cables; steel wires are 

used, each wire being covered in the first instance 
with jute with a view to reduce the weight of the cable. 
This construction affords the advantage of lightness com- 
bined with strength, and thus facilitates the operation of 
submerging the cable, but is objectionable, inasmuch as it 
affords no com: metallic sheath against the inroads of 
the Teredo an _ haga to the core, and, in the case of 
a cable having raised from considerable depths, 
it is apt to untwist, and run itself into kinks at the 
bottom 


The use of a light cable for doy seas has been ably ad- 
vocated by some electricians, and its adoption has the one 
great argument in its favour, that its first cost is much 
ow that of a strong cable; on the other hand the risk 
incurred in successfully submerging such a cable is much 
ter, and in the case of a fault appearing in deep water 








leakage ) from zt to her thi h th rting 
. one wire to ano rough the su 
poles are a permanent source of trouble in weeklong tale 
ucing | graph instruments, and this difficulty increases as we 
advance from the simple needle or recording instrument to 
the more refined duplex or quadruplex system, to the 
“lo been aie nentl nded lin 

Again, it happens t uently sus ine- 
wires are thrown down, causing the almost cae cessation 
the | of telegraphic communicatian fer days in the event of a 
great gale or snow-storm, interruptions which are quite 
incompatible with the idea that the electric telegraph has 
become a great — institution. 

The remedy for these interruptions is undoubtedly the 

tried in 
































the of the telegraph engineer. 
Tested be teak coneetal by Gin bined soil o's 










the bee ay underground line wire system. was it will be hopeless to bring the light cable to the surface for 
remarkable instrument owes its origin to the labours | Germany upon an extended scale in 1848-49, but was given | the purpose of repair. It is vostible that the manufacture 
of several inventors. up in favonr of the suspended line in consequence of the } of cables will-be made a matter of such absolute certainty 






















that the case of faults making their appearance in sub- 
merged cables may be left‘entirely out of consideration, 
but in the meantime telegraph companies have given the 
preference, and wisely so, I think , to a cable which though 
more costly than its light competitor affords a greater 
oT to their property in case of an accident or a fault. 

ilst the art of submerging deep sea cables, involving, 
as it does, problems of very considerable scientific and 
ar mo interest, has eer van, Fs the attention of this 


want of experience in manufacture and imperfect protection 
afforded to the gutta-percha covered copper wire. Since 
then it has been largely used in this country for under- 
ground communication in cities, also for aerial jines, by 
sus ing a bunch of — insulated be peg by steel 
wires in the air, as we see eee use tops 


In the year te which o~ Chests pe pape devised 
an arrangemen w soun a or tuning- 
fork, or a combination of them, could be conveyed to a 
distance by means of an electric circuit, including at both 
stations a powerful electro-magnet. In striking 
of the -forks differential currents were set up, which 
caused the vibration of the coresponding tuning-for 
agro station, and thus emg ap the original sound. 

n 1862, Reiss enlarged upon this ingenious > 
attemating to conven the varying vituniions of 6 hragm 
——, by atmospheric sound-waves. apparatus 
8 a 









of this metropolis. The elegraph Administra- 
tion, under the able direction of Dr. Stephan, has within 
the last year or two again resorted to the application of the 
un conductor fer long lines, resentative 
His cable of what it was intended to lay was put down in 1876 
parchment diaphragm, with a t latinum | between Berlin and Halle, a distance of 120 English statute 
wire attachment, set into vi by sound, which caused | miles. The success of this line induced his government to 
a series of contacts to be made, and the galvanic currents | lay down last year multiple cables between Berlin and 
thus sont through an electric circuit produced sounds by the | Cologne, and Berlin, Ham , and Kiel, an aggregate 
making and unmaking of an electro-magnet at the distant | distance of 600 miles, while further extensions are in course 
tion. of execution. These cables consist of seven separate con- 
This instrument transmitted currents only of ee ductors, each insulated with gutta-percha, surrounded with 
intensity, and produced therefore sounds of equal cali i 


hable only by their periods. It was t ble isting of h stooped ahs aed ing al ; 

. was thus capable | consisting of hemp inas q a vr rena 

of transmitting simple tunes, but was quite incapable of | a flexible cable of 14 inch paler tiemette which A id along 
transmitting the human voice with its immuamerable modula- | railways or roads at a depth of about 8 feet below the . 1 : 

i a with heavy deck machinery, and are incapable of turning 


tions of sounds, both in and intensity. und. , 
"i the —_ have "Area precautions have been ad to prevent failure | or main’ their ition against a side wind unless 
contacts | of these newly established lines, whilst the ease with which gong suey | speed, whereas the cable ship should be 
ed | these comparatively long circuits can be worked by means | capable of eff these operations independently of any 
of every description of instrument, including the telephone, | onward motion. The paying out and hauling in machinery, 
and their perfect immunity from atmospheric disturbances, | the tackle for and lighting buoys, the arrangements 
will lead, I venture to predict, to the gradual substitution | for sounding, and the construction of grapnels capable of 
of underground wires for suspended line-wires for all the | finding, cutting, and holding the end of copeee cables, 


. | main arteries of the telegaghte system. are also matters influencing greatly these delicate opera- 
In submarine telegraphy no startling feat of novelty can 


wane, ae _— the : ent success of submarine tele- 
be reported, although steady progress has recently been | graphy must mainly depend. 
made in improving the manufacture of the inenlated csn- The transmission of telegraphic messages through long 
pencil | ductor, in the attainment of an increased rate of trans- | submarine cables is a subject which was at one time in- 
mission through long distances, in the outer protection | volved in great practical difficulty owing to the retardation 
given to the insulated conductor, and in the vessels and 
other appliances employed for submerging and repairing 
deep-sea cables. ‘ 
conductor almost universally adopted in the con- 
- | struction of submarine cables has been a strand of seven 
copper wires, covered with three thicknesses of gutta- 
percha, with in i layers of a fusible resinous 












iety, but little discussion as yet taken place of the 
best means for effecting the repair of cables after sub- 
mersion. 

The important primary condition towards effecting the 
repair of a submerged cable is that its + coy insulation 
sbould be perfect, without which it would be impossible to 
determine the — of a break or fault with any degree 
of accuracy. ther important condition is the posses- 
sion of a cable-ship furnished with special facilities for 
manceuvring. The old practice of using ordinary steam 
ships of the mercantile marine appears very primitive and 
objecti be one venite oon He staaees Ser gving 

» are not steady when laden with cable and arm 




































by lateral induction experienced by the electrical current 
in its transit. It is to our President Sir William 
Thomson that we are indebted for a solution of this diffi- 
culty, —- the application of his celebrated mirror in- . 
strament, which is of revealing to the eye extremely 
slight remnants of ic waves, readily transferred by 
means of a human relay to ordinary ing instruments, 












Telegraph Company’s cable, the conductor consists of one 
large central wire of 0.090 in. diameter, surrounded by 
eleven small copper wires of 0.035 in. diameter. By this 
construction an increase of about 10 per cent. of conduc- 
tivity is obtained for a given outer diameter, which increase 
has found to exercise an important effect upon the 
rate of transmission through the cable. 

The careful selection of the insulating material employed 
has also an important influence upon the rate of transmis- 
sion through long cables, as it is found that different kinds 
of emt amt on behave very differently in this respect. 
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we may anticipate before considering the grea 
improvements that have been effected in the constracton of 


polarised relays. 
i (To be continued.) 
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in the condition of the material, is beset with considerable 
— diffi which has as yet limited its application. 

mpounds of india-rubber and gutta-percha, with other | line from Maryborou 
materials such as shell-lac, paraffine, and bitumen, have 


QUEENSLAND RaILwayrs.—A new loan for upwards of 
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\ he has made in 

direction not less than 24,000 currents can be trans- 
mitted in one second. We here detect a rapidity of electrical 
transmission far exceeding our most expectations 
in endeavouring to increase the rate of transmission of 
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LONDON SEWAGE. 

A LIVELY, but certainly not a very dignified, dis- 
cussion has been going on in the Taily papers on 
the ‘subject of the Thames sewage to which we 
drew attention at’ 12 ante. Captain Calver, on 
the part of the Thames Conservancy, was,:as we 
there stated, appointed to carefully examine. the 
state of the Thames last year in reference to its bed 
being silted up by the discharge of the London 
sewage at Barking and Crossness, The essence of 
his report we. gave at the page just referred to, and 
this fully confirms the statements in the reports of 
the Conservancy for 1875 and 1876, in which it is 
averred that the survey in the latter year ‘shows 
that the deposit still continues notwithstanding the 
fae ag effects of the floods of the winter 

m 6.” 

Captain Calver’s report, as showing the state 
of the Thames in 1877, very naturally has called forth 
a vigorous reply from Sir J. te, who of 
course represents the Metropolitan Board of Works, 
and who is personally responsible, as their engi- 
neering adviser, for the main drainage scheme. He 
asserts that Captain Calver's report has conclusions 
which are “ untenable,” and that his arguments are 
“unsound and contradictory.” Sir J. ette 
enters into a series of so-called refutations of 
tain Calver’s opinions, and entirely denies the 
silting up of the river, or that any danger to health 
has occurred to the localities situated near the dis- 
charge of the sewage on either side of the river. 
atop favour athe oxidising influence of the 

r © river on the sewage, and obj 
alternative scheme which was pro mean 


ago (not Mr, Hope’s of Maplin Se notoriety) of 


-| gentlemen hold diame 
in 


carrying the sewage into Sea Reach, below Graves- 
end. 

Captain Calver, of course, replies to Sir J. Bazal- 
‘gette’s criticism on his pasty ut as each of these 

regard to facts, argume te a ne ms ; 

. ni! we can 
safely leave them to deal with each other. 

To Captain Galton it is due that the entire ques- 
tion is /p in a common sense view, whether as 
regards the history 
awe From his remarks we gath 

etropolis Local ent Act of 1855 laid upon 
pe ee Works the duty of mak- 
ing .‘*such sewers and works as they may think 
necessary for preventing all or any part of the sew- 
age within the metropolis from passing into» the 
River ‘Thames in or near the metropolis,”. The plan 
of the intended sewers was to be submitted, to the 
Commissioners of Her Majesty's Works and Build- 
ings, and no plan was to be carried out without 
their approval. At the end of 1856 the plans. of 
the Metropolitan Board .were thus submitted, Sir 
Benjamin Hall (afterwards Lord Llanover) being 
First Commissioner, The were referred to 
Mr. James Si n,.C.E., then .Ex-President of the 
Institution of Civil Engineers, Mr. Blackwell; C:E., 
and Captain Galton, the latter being now the only 
survivor of these referees. Acting on a series of 
experiments made from Barking to Erith, these 
gentlemen condemned the outfalls now, existing, 
because they foresaw that the very evils that Cap- 
tain Calver has recently pointed out would be sure to 
arise. After discussing the objection to the irrigation 
schemé then pro} , they pointed out that the 
best possible place to which the London sewage 
could be conveyed was Sea Reach, already alluded 
to. Whilst these objections to the Metropolitan 
Board scheme were being discussed (in 1857-58), 
a change of ministry took place, and in 1858, an 
Act was passed repealing the referee clause of the 
Act of 1855; and thus the Metropolitan Board were 
left to pursue their own plans from control, 


the | let, or hindrance. 


a a Galton remarks that the scheme recom- 
mended by the Government referees, whilst it pro- 

s to convey the sewage to Sea Reach, provided 

or removing by gravitation, i.c., without pumping, 
all the sewage which would flow down to a level of 
5 ft. above ‘trinity high-water mark, that is to wd. 
the sewage from the largest proportion’ of the 
metropolitan area, But the sewers which have been 
constructed by the Metropolitan Board require 
that about three-fourths of the sewage be pumped 
to enable it to be discharged even at Barking and 
Crossness ; and, consequently, the extension of these 
sewers to Sea Reach will now entail a far larger 
amount of poping, ond rr am ent loss 
to the ratepayers, than wou ve necessary 
had the outfall at Sea Reach been selected in the 
first instance. Captain Galton considers this as\the 
necessarily ultimate destination of the sewage of 
London. 

To these conclusions Sir J. Bazalgette, demurs, 
arguing the danger of uncovered sewers extending 
through a length of some 20 to.'30 miles, and-also 
hes on —_ being silted up through want “ 
velocity of the outgoing sewage. e details 
these pro channels were nted to Parlia- 
tment, and are to be found in Parliamentary Paper 
No. 25, session of 1858, and No. 26, of session 1859. 
In reference to the criticisms of Sir J. Bazalgette on 
Captain Calver’s report, attention has been called 
to the concluding words of the report of the referees 
of 14th August, 1858. ‘‘ We regret that the tone 
assumed by the engineers of the Metropolitan 
Board, in the discussion, has been rather of 
endeavouring to damage our report than of seeking 
the true solution of one of the most difficult en- 
ener age see of the day, and that if the pro- 
ject of the Metropolitan Board be adopted it will, 
in-addition to the first cost, entail a annual 
expenditure on the metropolis, without giving that 
relief which the public have a right to . 

So far we have given the views of the authorities 
of 1858 pro and con. But we have had the curiosity 
to peruse the debates on this question, as raised at 
the second reading of the Metropolis Local. 
nagement Act, re in Hansard, vol..151, p,,1508, 
session 1858. second was moved by 
the Right Honourable B. Disraeli, Cc 
the Exchequer. The state of the Thames at that 
period may be imagined from that ‘s de- 

iption, which was as follows: “ noble river, 





80 the pride and joy of Englishmen . .... 
really ve tesla otek reeking with ineffable 


or facts of the case, and: 
er. the: 


Ma-|and its applications have had an importan 


horrors.” A long debate then followed onthe finan- 
cial details, which now cease to be of interest. Sir Ben. 
jamin Hall gave his reasons for opposing the plans of 
the Metropolitan Board, the substance of ‘which we 
have given above. be the —_ atieh Oottaie 
ropheti stated the which 
ae ee ae 
536), “ ittin e 

plan forthe alae . 
effective, at a cost of three millions of money—but 
in my ion much more likely to prove five mil- 
lions—the mud-banks in the will be: still 
left to exhale their pestiferous and both 
-enpere wre ele sine: oy oo state which 
so long been a disgrace to: the mightiest and 
oeshitlen-pee in ied er io cay ee no 
; _— that ‘it might d ne- 
cessary, after all, to send the sewage down to Sea 
Reach.” Lord Palmerston then expressed: an opi- 
nion that +‘ Barking Creek and the opposite:shore 
were too near the me lis,” and regretted that 
08 Government persisted in: limiting the outfalls at 

ose n 

We thus see that history repeats itself; Twenty 
years ago, when the main-drainage scheme was first 
sanctioned, the evils we now perceive were pointed 
out, and from a careful of the whole of the 
debates in 1858 we feel certain that‘although the 
Metropolitan Bill passed, it was not the expectation 
of, nor the intention of the House of ‘(Commons to 
make the measure a final one. é 

The question therefore now arises as to what 
should be done. Are we to wait until matters get 
as bad through a course of some twenty-five miles 
of the Thames -as-was the case ia, say, ten miles 
(Westminster to Blackwall), in 1855, when atten - 
tion was prominently brought before the public to 
the state of the river by the late Dr, Faraday in a 
letter to the Zimes. He then stated; that having 
a ert Ee of white card into the Thames, at 
H Bridge, it was lost to sight at half an 
inch below the surface, In experiments we tried in 
1856, water taken from that mand placed in 
a trough, one quarter of an wide, was imper- 
meable to light produced by the lime-light, con- 
densed by a nine-inch lens, It ee that. gra- 
dually we are travelling in such a ion in re- 
spect to the state of the Thames. 

There is however a ray of a The noble earl, 
now at oe wre of ‘coaee j ow rng ak 
argument for on e e 
he delivered on July 15, 1858, then as Chancellor 
of the Exchequer. His motto is still Sanitas. In 
a celebrated scientific case, some twenty years ago, 
a learned judge in summing up-to the jury, 
whom the leading chemists in Europe had given 
evidence, remarked that their evidence was of little 
value. He appealed to the common sense of the 

ury and the case was decided on that basis. : Per- 
a similar solution of the Thames difficulty may 
be advisable. For years we have had engineers, 
chemists, and local authorities quarrelling aver the 
river, and yet, for all pauitionl ' purposes little has 
been done. We require: a Alexander to 
‘gut'this Gordian knot, and the: sooner that is done 
‘the better will it be forall parties. Bis dat qui cito 
dat. ™ ye 
1 4 





DYNAMO-ELECTRIC APPARATUS. 
Ir cannot a itself os seroaer wr 
inki among e forces of nature, 
mat a cud have already been.called into use 
in the ever onward march of industrial progress, 
electricity is destined to take a very prominent 
place in the immediate future, 
not a few indications to warrant’ the belief that the 
coming half century will be characterised in the 
world’s history as an electrical age, just in the same 
way as previous periods have left their mark 
ing to their several characteristics being re- 
ferred to as Pema oor raeme gn “ the of Litera- 


ture,” ‘the Iron Age,” others tow! special 
‘A retrospect of ‘the last twenty, of th 
the Wi or even . e 

last ten, is sufficient. to show that electricity 


t and 
eae share in the inventions and the 
i ies of the world. Electric telegrapby has been 


of | reduced to an exact science, and has given rise to a 
iia siaas eouaen 


enginor—-beides giving employment to thousands 





of the metropolis. proves . 


in the manufacture of telegraph lines of submarine . 
has|cablés, and of sigualliog—instruments,..Another . 
fhranch oft is, baa rend ered possible. the safe and 
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rapid facilities o: transit which railway communica- 

tion affords, for it would be idle to suppose that the 

railway system could ever have developed itself into 

eo ares | like the power that it is had it not been 
ided by the electric telegraph. 

Again the arts of electro-plating and of electro- 
typing have become large and important branches 
of ioies , especially in this country and in France, 
the latter by the cheap and rapid facilities it affords 
for the reproduction of engravings having already 
revolutionised the production of illustrations for an 
important branch of literature. 

he great novelty of the oe telephone, has 
done much in a short time to draw popular attention 
to some of the most interesting capabilities of 
electricity, and has prepared the Dmg mind to a 
very great extent for believing ost anything of 
electricity and for — up inventions and industries 
which are based upon electrical phenomena. 

As long, however, as the only available sources of 
electricity were voltaic batteries, consuming as they 
did so expensive a fuel as metallic zinc, the applica- 
tions upon a large scale of electrical action were very 
limited on account of its cost. The discovery by 
Faraday of magneto-electricity and the various 
magneto-electric machines which arose therefrom, 
appeared to open up a field in which cheap electricity 
might be sought, and by which several experiments 
hitherto confined to the laboratory might become 
developed into branches of industry. The machines 
of Holmes and of the Société l'Alliance were the 
first applications upon a large scale of Faraday’s 
discovery, and the illumination of several of the 
important lighthouses on the coasts of England and 
France by the electric light generated by the Holmes 
machine and by its French modification, the Alliance 
machine, gave a fresh impetus to electrical progress. 

In both these machines, however, the current was 
induced from permanent steel magnets which could 
not retain sufficient magnetism to maintain a 
magnetic field of sufficient intensity to induce 

werful electrical currents in the coiled armatures, 

‘o compensate for this deficiency, the number of 
magnets and of armatures had to be multiplied, and 
the size of the machines as well; their cost for 
driving (to say nothing of prime cost) was thus very 
great, The Siemens cylindrical armature utilised 
to the best advantage the inductive action of the 
magnets. As long, however, as the induction of 
electrical currents was produced by the action of 
permanent magnets, an increase in the size of a ma- 
chine did not produce a proportional increase of 
results, and as it was found thatiron takes an appre- 
ciable time to be magnetised and to be demagnetised, 
there was also a limit to the speed at which a ma- 
chine could be driven so as to produce satisfactory 
results. 

Mr. Wilde, by employing electro-magnets (excited 
by a smaller sanguetealeettie machine) for inducing 
the currents in a Siemens armature, supplied the 
connecting link between the early magneto-electric 
and the modern powerful dynamo machines, which 
depend for their action upon what is called the 
action and reaction principle of magnetisation, which 
has been rendered familiar to the readers of this 
journal by a recent correspondence carried on in 
these columns relative to the question of priority of 
its discovery, It is the employment of this mutual 
action that distinguishes dynamo-electric from 
magneto-electric machines, and it carries with it 
this overwhelming advantage that the power of a 
dynamo machine increases in proportion to its size, 
to which practically there is no limit. 

There are at the present time but two dynamo- 
electric machines of sufficient development to be 
considered in this article, viz., the Gramme and the 
Siemens machines, both of which have been de- 
scribed in these columns. The former has now 
become a very formidable rival in France to the 
Alliance m es for the production of the electric 
light, and has recently been employed during the 
building of the Paris Exhibition for enabling the 
building operations to be carried on at night. 

The Siemens machine has however carried off the 
— in all competitive trials with the Gramme, and 

an article in our last volume* we embodied the 
results of a long series of most interesting experi- 
ments made for the a of the Trinity 
House by Dr. Tyndall and Mr. J, N. Douglass, for 
ascertaining the comparative merits of the two 
machines, From these experiments (a detailed ac- 
count of which was given in the reports of Dr. ‘Tyn- 
dall and of Mr. Douglass which we printed in the 


same rpg it was proved that to produce the 
same light a Siemens machine would weigh 3 cwt. 
as against 25 cwt. for Gramme, and would require to 
drive it but 3.3 horse power against 5.5 for Gramme, 
giving a proportion of light produced per horse 

wer of $080 for Siemens to 1257 for Gramme. 

us one Gramme machine would weigh more than 
eight Siemens machines of equal power, its cost of 
driving would be nearly double, and in addition to 
these points in favour of the Siemens machine, the 
prime cost of the machine is as 100 for Siemens to 
320 for Gramme, that is to say that three Siemens 
machines cost less than one Gramme machine of 
equal illuminating power. We are told in a letier 
from Mr. Charles Ball, which appeared in our issue 
of the 2nd of November last, that the Gramme ma- 
chine has been improved since the Trinity House 
experiments were made, but as that improved ma- 
chine has never been subjected to any recognised 
competitive trial against the Siemens machine, the 
nec data are wanting for estimating the rela- 
tive merits of the two machines. 

Whatever form, however, will ultimately prevail, it 
is to dynamo-electric apparatus that we must look 
for bringing about that great future for electricity 
which has often been predicted in these columns, 
and we are glad to see that the importance of the 
subject is being recognised at head-quarters, and we 
must congratulate the Institution of Civil Engineers 
upon the valuable paper upon mA a gg — 
ratus by Dr. Paget Higgs and Mr. Brittle, which 
was read at the meeting last week, and which gave 
rise to a very interesting discussion which is not yet 
closed. In the paper, of which we published a 
short abstract in our last issue, the authors, after 
reviewing the history of the subject, ‘gave a full 
description of the latest improvements of the 
Siemens machine, and of the special or. de- 
signed by Messrs. Siemens for the new electric lights 
at the Lizard lighthouses. 

In connexion with electric illumination it is not 
possible to overrate the importance of the lamp or 
regulator, by which the carbons are maintained at 
such a distance apart as to insure a steady light. 
Hitherto it has always been a weak point in the ap- 
plication of electricity to illumination purposes that 
the light produced was of an unsteady and flicker- 
ing nature. This fluctuation might be produced by 
one or more of three causes: (1) variations in the 
speed of the machine, whereby the electro-motive 
force was rendered inconstant ; (2) defects in con- 
struction of the regulator; and (3) impurities and 
want of homogeneity in the carbon points. The 


first of these isa simple mechanical question and can | vary greatly 


be remedied by an efficient governor to the engine. 
The second has been got over in the lamp of Messrs. 
Siemens, which, while quickly adapting itself to 
variations in the current is exceedingly simple and 
not liable to become deranged as are the hig! y com- 
licated clockwork regulators of Serrin, Foucault, 

uboseq, and others. Uniformity in carbons can 
only be secured by careful selection, but during the 
last few years the manufacture of carbons for elec- 
trical p has greatly improved, and only wants 
the cnaben of a large demand to induce manu- 
facturers to pay the attention to it that the im- 
portance of the oe deserves, The presence of 
small granules of silica seems to be the most dele- 
terious, causing 
split off often with a slight explosion. The plan 
of electro-plating the carbons with a thin film of 
metallic copper is one which recommends itself for 
several reasons. It gives to the carbon sticks a 
uniform conductivity'and diminishes their resistance, 
by which they are kept from being heated by the 
of the current, and by encasing them in a 
copper sheath it reduces to a minimum their chances 
of splitting, besides making them less fragile to 
handle, and the film of — isso thin as not to 
affect the colour of the light by its own vaporisa- 
tion or to produce noxious sublimates in the at- 
mosphere in which the lamp is burning. 

if while a dynamo-electric machine is running, 
its terminals be connected together, its external 
circuit being thereby closed, it will be found that 
a great resistance is offered to the rotation of the 
machine ; the closing of the external circuit bas an 
effect upon the engine similar to that produced by 
suddenly putting a heavy cut upon a lathe, and 
were it not ded with an efficient governor, the 
engine woul, 60 a certain extent, be pulled up. 
Similarly if, while the machine is running, the ex- 
ternal circuit be broken, work is taken the ma- 








* See ENGINEERING, vol. xxiy., page 307. 





* See ENGINEERING, vol. xxiy., pages 303 and 333. 


rtions of the carbon points to|p 


chine, and without a governor the engine would 
‘run away.” From this it will be ap + that 
if the lamp were suddenly put out, the load would 
be taken off the engine, and injury might accrue 
from the suddenly increased speed of rotation. To 
remedy this a self-acting shunt is interposed be- 
tween the machine and the lamp, the action of 
which will readily be understood by reference to the 
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about equal to that of the electric arc (about 1 
Siemens unit). A is an electro-magnet interposed 
in the circuit between the machine and the " 
B is an armature in metallic connexion through 
bracket F and wire Z to the machine. This arma- 
ture is ¢ ° against the back contact E by the 
spring S, the tension of which is regulated by the 
milled head D. The back contact pin E is con- 
nected to one end of the resistance-coil G G, the 
other end being connected through H to the wire C 
leading to the second terminal of the machine. It 
will thus be seen that if the circuit is closed be- 
tween M and N, or, which is same thing, between 
the carbons in the lamp, the current traversing the 
coils of the magnet A will cause it to attract the 
armature B, whereby the coil G is cut out of the 
circuit by the separation between B and E. If, on 
the other hand, the circuit is broken between the 
carbons the armature is released, and the current 
circulates through the coil G G, which presents to 
the electric current a path of resistance equal to 
that of the lamp, and by this means there is little 
or no variation in the resistance of the circuit, and 
the speed of the machine is rendered uniform. 

In the paper read before the Institution of Civil 
Engineers some very interesting comparisons were 
given between the cost of lighting by electricity 
and of lighting by gas, the proportions of which 
in different places, being dependent 
upon the cost of gas at the particular place selected, 
and upon the kind of motive power employed to 
drive the machines, It appears, however, that for 
the illumination of large areas the cost of the electric 
light is about one-fourth or one-fifth of that of 
lighting by gas. At the works of Messrs. Siemens 
Brothers it has been found that there the economy 
is as 2 to] in favour of the electric light over gas, 
with the further advantage that the lighting is per- 
fect, and is not attended with the inconvenience that 
gas is subject to, of being obscured by steam or fog. 

We cannot doubt that the time will come when 
central stations for distributing electric power will 
be established in all our large towns for illumination 
urposes, for the transmission of power to a distance, 
and for other manufacturing and industrial purposes. 
There are abundant data by which it can * own 
that coal can be more economically used for the 
illumination of a town by being consumed in a 
steam engine which is employed to drive a set of 
dynamo-electric machines, than he being converted 
into gas and conveyed by yg over the district 
to be lighted. Again, for the transmission of power 
from a central station, where strict economy can be 
practised, aided by very perfect steam engines, 
economical results, would be obtained, for the great 
waste of energy caused by a number of small and 
badly constructed steam engines, would more than 
cover the extra cost of transmission by means of 
electricity, from a centre where economy was 

ised upon sound scientific principles. 

A method of illuminating large halls was ex- 
hibited to the meeting during the discussion on the 
paper above referred to. This arrangement, which 
was first to Dr. Siemens by the Duke 
of Su » consists in projecting the rays 
from an electric lamp by means of a concave re- 
flector vertically up upon a white ceiling, or, 
as was done at the Institution, upon a large white 
sheet, stretched horizontally across the roof. The 





effect was as near to perfection as illumination could 
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be ; the reflector being deep enough to screen direct 
rays of the lamp from the eyes of the audience there 
was no unpleasant glare, and the room was flooded 
with a soft, purely white, and at the same time most 
brilliant light, so perfectly distributed that it was 
impossible to cast a shadow upon a sheet of paper 
by an object placed 12 in. off. The most striking 
effect, however, was produced by the electric light 
being stopped, leaving the three powerful “ sun- 
lights” doing their work alone. The effect was as 
if the whole room was suddenly enveloped in a thick 
yellow fog. and it was difficult to believe that the 
illumination was the same as what appeared so 
brilliant before the electric light was shown. 

We have in this article confined our remarks 
almost exclusively to the application of dynamo- 
electric apparatus to illumination purposes ; we shall 
on a future occasion consider the other and not less 
ae applications of this great power which is 
making unmistakable signs of asserting its rights to 
a high and lasting place among the moving powers 
of the world. 


THE FORMOSAN COALFIELD. 

THE Formosan coalfield is situated-in the north- 
eastern portion of the Island of Formosa, and it is of 
special interest from its having been selected as the 
spot whereon to experiment in the working of coal 
on European principles. Here a pit has just been 
completed, which is the only one in'the empire of 
China sunk by and under the superintendence of 
Europeans. It is one mile inland from Coal Harbour, 
which latter is a small cove, two miles to the east- 
ward of the small seaport of Keelung. Coal Har- 
bour or Cove has been a coal depét for Keelung for 
years past, and the natives have been in the habit 
of working the coal by driving mines. The surface 
of the whole of the north-eastern portion of this 
island is very much broken up, in fact, its section 
forms a series of wedges or right-angled triangles 
with their perpendiculars to the south-west and 
smallest angle to north-east, the seams of coal run- 
ning nearly parallel with the hypotheneuse of the 
triangles, Phis broken formation extends far 
below the coal-bearing strata, and has made this 
large coalfield one full of faults. The natives enter 
a coal seam at its lowest point of outcrop and drive 
their mines upwards following the seam of coal; by 
doing this they are enabled to drain their mines and 
send the coal to the mine’s mouth with great ease ; 
there are a few mines in which the miners have to 
follow a downward course, but as labour is very 
cheap the extra trouble of draining does not cost 
much. 

The new pit is in the bottom of a small vley or 
valley (about 120 ft. above sea level), and has been 
sunk to a depth of 300 ft. Atadepth of 265 ft. 
coal was struck, the seam being 3 ft. to 3 ft. 
6 in, thick; after this the shaft was sunk 35 ft. 
deeper in order to form a well or sump for 
drainage. The shaft is a round one 12 ft. 7 in, 
in diameter, and is to have two sets of cages work- 
ing init, One cage is now working an the guides for 
the other one are being fitted as rapidly as ible. 
Tue pumping machinery has not been fitted up, as 
all the water that has been met with up to the pre- 
sent time can be kept under by hoisting it at night 
in a large iron tub. 

Nothing can be said with any certainty concern- 
ing the success or non-success of this pit; two 
mines have been driven in opposite directions 
from the bottom of the shaft, but very little 
coal has been met with, this being the result of a 
succession of faults, in each of which the coal was 
entirely absent or quite granulated. Several tons 
of good coal have, however, been got between each of 
the faults, but as yet not in anything like a paying 
quantity. 

A sample of the coal on being tried gave the 
following results: Specific gravity, 1.285. The per- 
centage of coke left on trying it in a small gas retort 
was 53.77, but the gas though good and plentiful, 
was very dirty. The coal is a hard bituminous coal, 
and breaks with a very irregular conchoidal 
fracture, and so far as met with is like all the rest of 
Formosa coal, i.¢., it will not bear much handling 
without crumbling into small pieces, just like de- 
composing granite. 

‘About ate years ago the native-wrought coal 
could be bought for 2.25 dols. per ton, but now from 
4.5 dols. to 5.5 dols. per ton has to be paid for best 
round coal, puten board. The Chinese men-of-war 
in the Canton and Foochow districts use no other 
fuel. It is a very smoky coal, and contains a good 
quantity of sulphur in its composition. 
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“The staff of Europeans who are ing this pit | of those events, happily rare in the United States, 
are all Englishmen, and hail from Newcastle. They but which, when they do occur, are attended with 


were twelve in number, Mr. D. being 

chief, and they deserve great credit for the rapid way 
in which they have performed their work. With a 
little assistance in the way of native coolies, they 
have, in thirteen months from the commencement 
to bore for coal, sunk the shaft, lined it with 
masonry, and started working at the coal ; they have 
also constructed a tramway one mile in length (that 
being the exact distance from the pit head to the 
depét at Coal Harbour). The tramway has a fall of 
140 ft. in the mile of length, and during its con- 
struction several small hills had to be pierced, and 
three ravines were spanned by wooden trestle-work 
bridges. The engine used for winding, &c., is 
of the semi-portable type, with a locomotive boiler 
and the engine bolted to the framework right under 
the barrel of the boiler ; it has given every satisfaction. 
The ventilation of the pit is kept up by an ordinary 
blast fan driven by belts by the donkey engine, 

A correspondent to whom we are indebted for the 
rey, particulars, informs us that the health of 
the Europeans was at first very good, but recently it 
has not been so, one having died and two more being 
away to the Chinese coast on sick leave. The cause 
of their illness was they were working away just as 
in England, and did not take any precautions to 
prevent sunstroke or fever, but now they seem to 
realise the fact that heavy home-spun flannel cloth 
and ordinary felt hats are too dangerous to wear in 
a hot climate like that of Formosa, and they are 
wearing clothes more suitable to the climate and 
recovering their health. Coal from this pit, as 
also coal from the native-worked mines, is to be ex- 
hibited at the forthcoming Paris Exhibition, and 
then no doubt much more detailed particulars will 
be available with regard to the quality, &c., of the 
coal in the Formosian coalfield. 





THE PENNSYLVANIA RAILROAD. 
No. LVII.—EarninGs AND EXPENDITURE. 

In reviewing the earnings and expenditure of the 
Pennsylvania Rai system, we shall find it most 
convenient to revert to the year 1875, the two 
following years being marked by circumstances 
especially affecting the normal condition of traffic. 
In 1876 the Centennial Exhibition resulted in the 
creation of a large increase in passen as well as 
in"freight traffic, and was attended with heavy special 
expenditure. Equally the past year, in addition to 
being characterised by an increased depression in 
trade, was also disturbed by the occurrence of one 


their | more disastrous 





uences any similar dis- 
aon a ree hagns we refer an pet strikes which 
so. rapidly over ilway systems 
in America, and which carried with them axioaase 
destruction to property. In considering, however, 
the financial condition of the system for the year 
1875, it must be borne in mind that this was also a 
time of depressed and stagnant trade, and that the 
period of reaction, which even now has not been 
actually reached, was at that time very far removed. 
In 1875, then, the total earnings and expenses of 
the main line from Pittsburgh to Philadelphia, in- 
cluding branch and leased lines, and from Phila- 
delphia to New York, including the Delaware and 
Raritan Canal and Belvidere Delaware Railroad and 
Flemington Branch, and of the Philadelphia and 
Erie Railroad, were as follows : 


TaBizE No. XLVII.—Gross Earnings. 


£ 
General freight... ° 4,561,532 
First-class passengers... 1,782,129 
Emigrant ” on 39,394 
Express matter... AY 130,423 
Ag: Ae 157,474 
Canal earnings (Delaware and Rari- 
pale m 3,582 
Total ... i ae 6,892,818 
Working Ewpenses. 
Conducting transportation ... 1,499,732 
Motive power ... is he 1,182,728 
Maintenance of cars ... 384,252 
ae a stock ... es a 
n expenses él sii oF , 
Canal expenses (Delaware and 
Raritan Canal) ie abd bia 108,207 
Total ... 4,218,770 


_ Net earnings... £2,674,048 
From this net amount has to be deducted certain 
charges as follows : 
Deduction from Net Earnings. 
Rental and interest on equipment pees | 
by leased roads and branches : 
Philadelphia and Erie Railroad 
Belvidere Delaware ” 
Branch roads sue abe 


To 
Making the actual B 


51,644 
110,362 





rofit for the year on the above- 
mentioned lines 2,284,560/. 


This total amount is made up as follows amongst 
the various sections of the system : 
1. Main Line.—See Table XLVIII, on next page. 


TABLE No. XLIX.—Summary or REVENUE AND EXPENDITURE ON THE UNITED RAILROADS or New JEeRsEY. 


























* EXPENDITURE. 
No. REVENUE. No. 
— Passenger.| Freight. Total. 
£ £ : a £ £ 
1 | Freight at stations and 1 | Conducting transporta- 
tolls on cars ... ..| 752,998 tion me yer. -+|> 242,184 | 265,712 | 507,846 
2 | Miscellaneous ... 2,510 2 | Motive power... 157,544 162,332 319,876 
eraiso | || | Maintenance of crey | xanrasa | xaaiaoa | oaa'nes 
3 | First-class passengers . , way 9 9 
8 | Emigrant passengers... 13,900 5 | General expenses 11,122 | ‘64,484 | 75,606 
5 | Express ois pee . 
6 | Carrying mails F 13,948 576,980 | 659,962 | 1,236,942 
7 | Miscellaneous ... | 5,864 aie By net proceeds to balance oe wer 491,836 
Rents 13,418 
Total 1,728,778 1,728,778 
































. TABLE No. L.—REvENUE AND EXPENDITURE OF BELVIDERE, DELAWARE, AND FLEMINGTON RAILROADS. 





| 
| 


























EXPENDITURE. 
No. REVENUE. No. 
— Passenger.! Freight. | Total. 
gies Z£ aan i u| 2 £ £ 
Freight at stati d 1 | Conducting transpo 
’ tolls Pg ; — aps 138,473 oe $eh ses ave eye nas by 
Miscellan Sie bal 110 2 otive power... aie " 
¥ “pes |————| 198,583 || 3 | Maintenance of cars 3,076 | 14,185 | 17,211 
3 | First-class passenger.... 37,046 4 a way 11,657 26,692 38,349 
4 | Emigrant ” soe] 6 5 | General expenses ab ibs ooo 
5 | Express... sa ie 814 
6 | United States mails ... Lae ae . A 36,514 90,715 —— 
Miscellaneous ... oon] n on equipmen eee “ J 
, ———)| 39,164 Net proceeds to balance... ose ‘ 45,807 
Rents 925 
Total 178,672 Total ... 178,672 
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TABLE No. XLVIUI.—Summary or EARNINGS AND EXPENDITURE ON THE PENNSYLVANIA Ratiadad Drvision, 


FOR THE YEAR ENDING DscemBER 31, 1875. 
























































| EXPENDITURE. 
No. REVENUE. No. 
Passenger.| Freight. | Total 
ye eine £ 2 ne | 4 2 Zz 
1 | Freight at tations and 1 m Speen 
tol a Ee individual ne ra 176,700 640,798 817,498 
; 3,130,348 2 Motive power... ...| 183,316 | 567,109 | 700,425 
2 Miscellaneous | #3 54,506 8 | Maintenance ofcars ...} 89,203 | 153,362 | 242,565 
8,184,854 || 4 way ..| 116,755 403,850 y 
3 | First-class passengers 729,334 5 General expenses... 19,560 58,152 77,712 
4) Emigrant = 25,326 
5 | Express 70,200 535,534 | 1,823,271 | 2,358,805 
6 Carrying mails... 36,550 6 | Rental PS branch roads ek ol 97,834 
7 | Miscellaneous .. 16,848 — es ent, 
Rents ooo 35,735 pia 
12,427 
~~: Hailroad Co oe oe 
to balance a 1,629,783 
Total ...  ...| | 4,008,849 Belebea asc asf ecru: ue | 4,098,849 
TABLE No. LI.—REvENvUE AND EXPENDITURE OF THE DELAWARE AND RARITAN CANAL. 
No. REVENUE. Ino. EXPENDITURE. 
£ £ | £ Fs 
1 | Tolls - ose «| 182,123 1 | Maintenance ... 26,124 
2 | Steam towing a rad 79,524 | 2 Canal operation 17,493 
3 | Miscellaneous... ou 1,844 83 | Steam towing ... 64,590 oe 
Net proceeds to balance... 105,284 
213,491 | ee Sek Be oe aaa 











the Belvidere Delaware Division the freight tonnage 
was 1,020,660, of which 844,275 tons were coal, and 
the number of passengers 
tonnage on the Delaware and Raritan Canal was 
1,958,004, of which 1,022,644 tons were anthracite, 
and 278,266 bituminous. The freight tonnage on 
ne ees ~~ nein, Papeens was 2,523,486, 
including 890, tons of coal. The rs 
ie le hee ie aren rng 
able shows the ay 
of the different divisions, and the cost we 
ing passengers and freight per mile, 


Taste LIV.—Average Earnings and Cost of Transport 








alt ld 

Z 3 Zz . g 5 2 

|| [ad |2 

Length of road’ *'”” ve weet 905 80 288 








cents. |cents. 
Avempee 8 earnings per passen-| 


ger 
Average cost of transporting’ 


5 

#3 3 Ele 
2 
3 





passengers per mile . .. [41.669 2.822 | 2.951 
Profit per passenger mile -682 -042| .086 
Average earnings per ton per 

mile? from freight a hiatal 
- tion ... eee ui oe oa 1.468 

verage Cos per on per e| . A -962| .571 
Profit per ton per mile | 442) 402) .506 





























TABLE No. LILI. 





—SumMMARY OF REVENUE AND EXPENDITURE on THE PHILADELPHIA AND ERI RaILRoaD. 

















EXPENDITURE. 
No. REVENUE. INo. eepamenen 
_- Passenger.| Freight. | Total. 
a | ‘ “4 we Cond tenaeqerte- aa . . 
1 | Freight at stations and 1 ucting 
Sik on dies «. .| 589,712 ‘ ve 31,466 102,738 | 124,204 
2 | Miscellaneous ... 25,684 | 2 Motive power FA 17,972 112,864 | 130,836 
“| ee 565,396 || 3 | Maintenanceof cars’ ...| 10,792 24,800 35,592 
8 | First-class passengers) 91,562 | 4 way ...| 28,992 115,968 | 144,960 
4 | Emigrant 09 272 5 | General expenses wae 
5 | Express... ’ 
6 ees States 89,222 356,370 | 445,592 
rn 6,616 6 | Interest on equipm = 
7 | Miscellaneous... || 718 id to Pennsy 
————| 106,708 || 36,560 
Rents... one ase 1,072 || Net proceeds sie i 191,024 
oe 673,176 || Total ax “| oe a | 673,176 









































TABLE No. LI.—Tux Revenve or THE PENNSYLVANIA RAILROAD AND ITs DISTRIBUTION. 


























REVENUE. DISTRIBUTION. 

Earnings of main lines and gr vgs operated £ Paid in dividends... 1,101,898 
by the company, the Delaware| State taxes 99,171 
and Raritan Canal 2,619,206 || Interest on bonded and floating debt .. 602,491 

Interest and dividends received from ‘invest. Rent of Harrisburg and Lancaster Railroad 26,846 
ments owned by the Pennsylvania Railroad Paid State of Pennsylvania for purchase of 
Company oo. oot CDA main line «| 92,000 

Interest t from investmen its received with the! Rental of Philadelphia and Erie Railroad... 190,923 
lease of the — panes and neegaas of} » Belvidere Delaware .. me «| 45,808 
New Jersey eh ‘ | 89,516 || branch railroads a ee 

Dividends rentals, &c vtpaid on lease of United 
Railroads and Canal of New Jersey 824,210 
Balance ane wee ine ow 206,990 
ees oe | a 
Total ... | 3,288,169 | Total .. we oe os BOB IID 
The earnings mile of main line (358 miles in The cost of operating this canal was therefore, 


length) was 1 »259/., and the actual cost of 
operating the main line exclusive of branches was 
55.87 per cent. of receipts, and inclusive of branches 
57. “ cent, 

2. United Railroads of New Jersey.—The 
amount of ro Table XLIX and expenditure ior the year is 


shown in the Tab 
The cost of w this railroad and its branches 
was 68.19 per cent, of the receipts. 


8. The revenue and expenditure on the Belvidere 
Delaware, 68 miles long, and on the Flemington 
branch, 12 miles an gy as given in Table L. 

The cost of wor non Sn these railways was 71.27 


per cent, of 
4. The oul twiled Unnel-—Thie canal, 
which is 68 miles in length, forms a distinct item in 


the annual accounts of the com y. The statement 





of revenue and expenditure is shown in Table LI. 


50.67 cent. of the total receipts. 

The Philadel hia and Erie Railroad.—This line, 
which is 288 es long, showed the returns in 
Table LII. 

In Table LIII. is given a summary showing the 
total revenues of the system and their -distribution 
during the year. 

During the year under consideration the 
moved overthe main line and branches between tvight | Th 
delphia and Pittsburgh amounted to 9,787,176 tons, 
nearly half of which, or 4,731,486 tons, consisted 
of bituminous coal, anthracite, and coke, Of 
pee go 5,609,787 w 

ted Railroads of ew Jersey the traffic con- 
sisted of 3,469,786 tons of freight, of which 
1,302, 634 tons of coal were 684,775 = 


being bituminous and 617,859 tons anthracite ; 
of passengers carried was 7,846,239. Oe 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLEsBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
d attendance on —- at at, Middlesbrough, but the 
ess done was exceedingly small. Prices were the same 
poe toes On Tuesday next the Cleveland pig pro- 
ducers intend ho a meeting to further consider Fhe 
uestion of prices. e makers declare that the policy 
they are pursuing, viz., regulating the a so as to 
exceed the demand as little as possible, and thus maintain 
prices, is working sati . The makers were in fact 
endeavouring to deal direct with the consumers. Mer- 
chants and middle men feel the effects of this action, but 
it is confidently contended that it must — and the 
consumers and the public will be benefited by it. It is 
stated that certain merchante sold large a. = ‘pis 
iron in the latter part of last year expecting that they 
would be able to buy at lower rates than were then naan 
In this they were disappointed ; they have been unable to 
bear the market, and are in the hands of the makers, who 
are firm in their united action on this matter. 
The Finished Iron Trade.—There is really no altera- 
tion in the finished iron trade. A large number of men are 
out of work owing to the prolonged depression. 

Engineering and Shipbwilding.—There is a very con- 
siderable activity in these of i =e Pn Some of 
the s + ghee seprepeperepe py going 
for mon‘ 

The North of England Board of Arbitration for the 
Manufactured Iron Trade:—A few days ago the annual 
meeting of ced ate eel the Dea Mr. William 
Whitwell p Rd ap of the Standing Committee 
for 1877 = apy rt stated ami = present- 


ing the annual report the Standing Commi 
acknow ledge 





E 


meeting of the 
sane he and he died 
Committee 


and during the 
strated p Mai wns seve! 


i Bened ab Fioning of 1877, the til , being two 
ines met 


rted. On the | sole 
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of Mr. Dale, and a notice:to terminate the wages agree- 
ment at the ‘end of March was pvc pag: A tho by the 
secretary, Mr. Winpenny. In concl f canagt the 
Standing Committee have again to express their unshaken 
belief in the advantages of arbitration as a rational and 

uitable means for settling the various cases of dispute 
which will arise in all trades between employers and opera- 
tives. They believe it to be equally effective and fair in 
times of depression, such as those at present existing, and 
in times of extensive demand for iron and consequent full 
employment of labour of which the North of England 
Board has had in past years the fullest experience ; and 
they would remind their fellow members that it is only by 
a consistent adhesion to the principles of their organisation, 
and bearing in mind the mutuality of the interest existing 
in their business association, that they cdn maintain the 
cordial relations which should at all times exist between 
masters and workmen. The Officers of the Board were re- 
appointed, and the proceedings terminated. 

The Coal and Coke Trades.—The demand for fuel is flat, 
and prices are weak. The negotiations for a settlement of 
the dispute in Northumberland have for the present failed. 
The delegates on behalf of the men offered to accept a re- 
duction of 10 per cent., but this the coalowners refused. 








NOTES FROM THE NORTH. 
Guiasaow, Wednesday. 

Glasgow Pig-Iron Market.—There was a firm market on 
Thursday forenoon, and business was done in warrants at 
51s. to 51s. 0}d. cash, closing with buyers at the higher 
quotation, sellers asking’51s. 1d. The afternoon market 
was steady, and prices remained as during the forenoon. 
Makers advanced the price of No. 3 Coltness pig iron 6d. 
per ton. The warrant market opened under much excite- 
ment on Friday morning, in co uence of the somewhat 
alarming political intelligence that had been received. 
Prices opened at a decline of 3d. per ton; afterwards, 
however, they improved a little, and eventually that 
amount was entirely recovered. Business was done during 
the forenoon at 50s. 9d. to 50s. 10d. cash, and 51s. one 
month, and closed with buyers at the higher quota- 
tions, sellers asking 1d. per ton more. In the afternoon 
business was done at 50s. 1ld. cash, and 51s. 2d. to 
51s. 24d. one month, the market closing with buyers 
at the higher figures and sellers nears Monday’s market 
was very active at the opening, and prices improved very 
materially in anticipation of a speedy termination of 
the Eastern war, and hopes of a consequent improvement 
of trade. Towards the close, however, the feeling was less 
confident, but prices closed 3d. better. Business was done 
in the morning at 51s. 3d. to 51s. 44d. cash, and 51s. 44d. to 
51s. 6d. one month, closing sellers at the nies prices, and 
buyers $d. per ton less. At the opening of the afternoon 
market business was done at 51s. 6d. one month, and then 
fell to 51s. 5$d., and also 51s. 3d. cash, closing at 51s. 3d. 
cash, and 51s. 54d. one month. Yesterday’s warrant market 
was somewhat excited, and prices closed a turn under those 
of the preceding day. Business started in the morning 
1d. down at 51s. 2d. cash, but improved to 51s. 3}d. cash, 
and 51s. 6d. one month, the market closing with sellers 
at those prices, and buyers offering $d. less. Prices receded 
in the afternoon from 51s. 3d. to 51s. 24d. cash, and to 
51s. 5d. one month ; and the market closed with sellers ask- 
ing 51s. 3d. cash, and 51s. 5d. one month, and buyers offer- 
ing 51s. 24d. and 51s. 44d. respectively. A steady business was 
done this forenoon at 51s. 3d. cash, and the market closed no- 
minally at that price. No change from the forenoon closing 
prices was announced during the afternoon. Notwithstand- 
ing the daily fluctuations, it will thus be seen that there is 
a rather hardening tendency in prices. There is likewise 
rather more business doing. Shipping iron has been in 
somewhat better demand, makers having been applied to 
more freely during the past week. With the exception of 
No. 3 Coltness, no advance has been made in makers’ iron. 
A considerable quantity of pig iron was sent into — 
warrant stores last week, the amount in stock with Messrs. 
Connal and Co. up till Friday night being 170,472 tons, 
thus showing an increase of 741 tonsover the week. Last 
week’s shipments from all Scotch ports amounted to 6170 
tons, which was an increase of 130 tons over the amount 
shipped in the corresponding week of last year. There are 
still 87 blast furnaces in operation, as against 108 at the 
same time last year. 


The Finished Iron Trade.—It can scarcely be said that 
there is any real improvement in this branch of trade. 
Work has never been resumed since Christmas at Coats 
Tron Works (Major Jackson’s), the largest establishment 
of the sort in the Coatbridge district. Inthe Motherwell 
district, however, every finished iron establishment is doing 
some work ; and at the Glasgow Tron Company’s Works, 
Motherwell, the large plate mill, which was standing idle 
for nine months, is now in operation, working three shifts 

r week. At some of the works the wages of the la- 

urers, mechanics, and other artisans are being reduced. 
There has of late been some talk of the proprietors of 
Mossend Iron Works ‘‘ going in’’ for the manufacture of 
steel, but I have been informed to-day on the best authority 
that there is no truth in the rumour. 

Exports of Locomotives, §c.—In last week’s foreign ship- 
ments from the Olyde there were included locomotive en- 
gines of the value of 14,000/., and railway sleepers of the 
value of 79917., for Bombay; cast-iron pipes, 3983 tons, 
and of the value of 22,166l., for Rio de Janeiro, besides 
large quantities of machinery, castings, manufactured iron, 
&c., for various parts of the world. 


Edinburgh and Lei i ’ Society.— i 
this society was held last W Lancatay night, Me: Eokat G. 


Reid t, in the chair, whena was read by Mr. 
C.E., on rT The Linbility of Reservoic Ems. 


bankments to 








The Phonograph.—At. the last ing of the Royal | 
Society of Edinburgh, the Presiden’ Be Wiliom Thon 
said that Professor Graham Bell had sent 


: to him a letter 
received from Mr. H. E. Roosevelt, New York, describing. 
the phonograph, the instrument invented by Mr. Edison. 
“ To the centre of an iron diaphragm is attached a metallic 
point, resting against strips of paper or tinfoil. You 


various depths, making an undulating > 
the punctured paper is afterwards drawn under the point 
the diap -vibrates exactly as when your voice made i 
vibrate, and all the sounds are reproduced exactly as you 
said them, making a most astonishing effect. Singing, langh- 
ing, and articulate words were all reproduced. By attaching 
a point to one of our strong telephones we could record any 
message sent.” Sir. William Thomson f ined the 
machine. All previous attempts to record sound were, he 
said, founded on the motion of a style or marker ata true 
parallel to the paper. Mr. Edison’s ingenious invention 
of the electric pen was different. It consisted of a fine 
point, which by an excessively rapid vibration perpendicular 
tothe paper, caused by a small ic machine connected 
with two thin wires to the point, left a trace of any n’s 
handwriting in a row of eo fine holes, from which the 
handwriting could be printed. Mr. Edison from this in- 
vention elaborated the phon ph. By the greater or less 
pressure produced through the action of the alternate con- 
densation and expansion of the air ca the me- 
chanism of the voice, the diaphragm o upon the 
point and recorded the sounds. It was the most interest- 
ing mechanical and scientific invention they had heard of 
in this century. There could be no limit to its application. 
A man could speak a letter through the phonograph, it 
would be recorded on tinfoil, sent in an envelope through 
the post, and his friend by applying the point of the phono- 
graph to the tinfoil could reproduce the words and tones 
uttered. In fact they could take down the singing of a 
Titiens which might be reproduced to a tone two hundred 
years hence. The paper and the President’s comments 
excited a great degree of interest, as did also a sheet of tin- 
foil with a speech indented upon it from America. 


Dock Street Tunnel, Dundee.—This important piece of 
engineering work having been completed, and one of the 

rmanent way lines —s been laid along the whole 
ength, the contractor, Mr. John Waddell, of Edinburgh, 
accompanied by his brother, Mr. David Waddell, manager, 
and Mr. George S. Hird, engineer, passed through on a 
locomotive =e last Mondav afternoon. After the tunnel 
and open cuttting had been traversed, the engine passed 
the new station, up the west incline, and stopped at the 
bowstring girder of the Tay Bridge, where Mr. Waddell’s 
contract ends. The whole of the works will be ready for 
passenger and goods traffic in a few weeks. 

Inspection and Opening of the Tay Bridge.—The Tay 
Bridge has now been formally taken over by the company. 
The contractors a few days ago met with the representa- 
tives of the company and the engineers, and the whole 
accounts were gone over, examined, and agenered at one 
sitting, and everything was amicably settled, the last pay- 
ment made to the contractors being in full of all claims. 

Trial Trip of H.M.S. Nelson.—This vessel went down 
the Firth of Clyde last Wednesday on a few hours’ trial. 
Notwithstanding that a gale of wind blew the whole time, 
accompanied by hail and snow, the ship steamed at the rate 
of 133 knots an hour. Captain Grant, Mr. Fergusson, the 
chief engineer, Mr. Wright, the chief of the engineering 
department, and his assistants from the Admiralty, were 
all highly pleased with the satisfactory working of the 
engines. 


NOTES FROM THE SOUTH-WEST. 

Princetown Railway.—The Great Western Railway 
Company have exten the time for completing the local 
arrangements for the Princetown Railway until the 16th of 
February, but at the same time they desire it to be clearly 
understood that they have, after consideration, re- 
solved not to contribute more than the 30,0001. promised, 
and that unless arrangem 
in the line for obtaining the land and the balance of the 
capital, the Bill will not be proceeded with after that date. 

The Avonside Engine Works.—The wages difficulty at 
these works is practically over. On W morning 


upwards of 200 men, e 
work at the reduction of 10 per cent. All who have re- 








ents are made by those interested, 


usive of apprentices, returned to | W; 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, 


The Leeds and Hull Tramw 
Leeds Tram 


Com 


have 


, Wednesday. 


ays.—The directors of the 
the half-year at the a of 6 per cent. sie anni ie 


. The 


directors of the Hull Tramways Com have declared a 
dividend for the six months ending Donmuber 81st, 
rate of 8 per cent. per annum. 


Rotherham Gas and Water Works.—From the 


at the 


He ef 


accounts of the Rotherham Corporation, it appears tha’ 
the revenue of the i 


last was 12,4001., 
96631. 
secured—leavi 


all c 


harg 
year of 17691. 9s. 6d., making 


Ww: 


works for the year ending June 31st 
Shilet the working expenses were about 
7s. 8d. From all sources a 
a balance of 13931. after the 
es. The water works accounts show a loss on the 
ing with the losses of previous 


yment of 


years a balance on the wrong side of 49641. 19s. 10d. 


The New Lan 


Sheepbridge 
seam i 
d 

2 


hard 
The 
520 


and Iron Company, at 
is expected to be reac! 

th from the surface already attained is al 
Pam each of the two shafts being 14 ft. in diameter. 
The royalty to 
5000 acres, and the shafts are 


ith Colliery.—At the new colliery of the 


Handsworth Woodhouse Gas Compan 


rt shows a profit for the year 1 


which it is p 


cent. and 


The British Wagon Compaw 


to 


Langwith, the 
almost im: 


871 or out 


top 
ediately. 
about 


by these sinkings embraces 
elece ton line of sullen. 


r 
of 


fe vey .9 Seritend of She snttisl V8 Yor 


uce prices 5d. per 1000 feet. 
(Limited).—This com- 


pany’s 18th half-yearly report shows a profit of 37291., out 


of which 10 


pany’s 


wagons worth 243,4381. 


Heanor Auxiliary Water Works.—On Monday afternoon - 
the shaft in connexion with these works was again flooded 


at a depth of 39 yards, and pumpi 
strokes per minute failed to lower the influx. 
board have now agreed to apply for a further loan of 20001., 
ing 60007. obtained in all—t 

The contract of a Nottingham firm 


being 10,3001. 


cent. dividend is recommended. The Gom- 
liabilities are 263,9981., and the assets include 


at the rate of 100 


The | 


for 
for 


engine and boilers at 17001. has been accepted. 
The Pollution of the Rivers Rath oad Aire.—Last 
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ves of the various sanitary au 

of the River Worth, Mr. Brigg, 

dispoes of thets sewage, aad thoug 
an 

joint scheme worthy of ’ discussion 


held at 
ties in 


of Keighley 


Ki ut 
i the feasibii 
- Within the 


tee wateneked 
in the chair. 
horities had to 
ity of 
water-shed 


of the river there was a population of 13,895, besides 20 
mills, all of which threw their refuse into the river. He 


roposed a joint conservancy board for the whole 

wend grmemse of = ensui yoy 

present expressed their opinion 
on Tt wes ulsisaately 


conference for a period of six weeks in 
feeling of the respective authorities and places 


GERMAN RoLLInG STooK. —At the 
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there were 18,642 miles of railway in 
ing stock upon this 


18,427 


veyance of 
trucks, 5205 
open trucks. 


METROPOLITAN WATER Supriy.—The Bill of the 


turned are non-union men, only 70 out of the 500 formerly | has 


employed belonging to the Amalgamated Association. The 
mew nome ae a menage was conveyed to Mr.J. L. Stothart, 
chairman of the b of directors, requesting him to fix 
a time for an interview with a deputation from the society 
men, but he declined to accede to the request. 

Timber Float at the Alecandra Dock.—Mr. John Grif- 
fiths has entered into a contract with the N 


Alexandra Dock Company to construct a timber float in | tinued until the transfer is made, but all contracts made by 
connexion with that important property. It will greatly jeg -f bP a has been served on them are 
facilitate the imnpoet trode of: the s. Thego. sine 0 do- to be ey, [ae Ss pout, Oe ee 
monstration on Thursday when purposes , power to borrow : 
undertaking was cut. of tnd oreate stock under the Loan Act of 1870 and 1871 
Cardiff Water Works.—In pursuance of the Standing | ments rage lew gregh pop all tae paterk of 
Orders of both Houses of Pat i a special meeting endo ing it. They are also to have power 
of the proprietors of the Cardiff Water Works Company t a committee to manage and transact all matters 
was held on Saturday, Mr. Griffith Phillips took the chair. pa an to out the Act. The ee 
A Bill for “empowering the Cardiff Water Works Com: | merated are the New River, East London, Southwark and 
pany to construct additional works, and to raise additional Vauxhall, W Lambeth, Grand 
capital, and for other purposes,” intended to be introduced | Junction, and the Kent. Considerable | may be 
into Parliament, was submitted to the meeting, and unani- expected not only the local 
mously approved. also from those of districts whence the chalk supply is 
The Forest of Dean.—The leading collieries in the Cinder- | to be from the numerous meetings which’ 
ford Valley are still affected by the inactive demand for | have been ° 
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The mode of working is as follows: Pefore com- 
mencing to press the bales steam from the boiler is admitted 
into the cylinder B by o 
piston F, and consequently the plunger H, to the other 
or front end of the cylinder, thus raising the press rams 
S88 for a corresponding portion of their stroke; this is, 
however, only a prelimi stroke for the purpose 


of 
heating the cylinder and enabling the steam just delivered 
on to Se back of the piston F to be paced smn to. the 


ther side of it. This is done by closing the pressure 
wee P and opening the equilibrium valve Q, through which 
the steam in the cylinder ses into the pipe M; as it 


cannot ast the closed inlet valve T on the cylinder A, 
it ote the pipe M to the other side of the piston F, 


due to the press rams 8 8, and their platen, 

through the water in the press cylinders and pipes, returns 
to the outer end of the cylinder B. Supposing that 
the bale of cotton to be compressed is now placed 
in the press. The steam which has thus been merely 
transferred from the back to the front of the piston 
F is allowed to enter the cylinder A by means of the 
valve T, and thus drive the larger hydraulic plunger G 
forward. This is done by opening the valve T, when the 
steam passes from the cylinder B into the cylinder A, drivi 
the piston E, and consequently its plunger G, forward unti 
the pressure in the two steam cy! is in equilibrium 
which of course is the case when the resistance o 

by the pressure on the plunger G is equal to the pressure 
of steam on its piston E. As soon as the pressure 
of steam in the cylinders A and B is equal, the valve 
T falls by its own weight, and the valve P hang 
opened, fresh ~ from > boiler as a to ie bac. 
of the piston F, driving forward the plunger H; an 
steam = the other side of the piston bei ahtmiel. 
The increased pressure due to the smaller plunger closes the 
clack O (which acts as an intermediate check valve between 
the two water pressures), and thus the finishing pressure 
is given to the bale, or whatever may be in the press, and 
if necessary sustained for any desired length of time. 

This volume of steam last admitted, after being trans- 
ferred to the other side of the piston F, furnishes the steam 
required for the earlier part of the next stroke of the 
press, which, as before, is done by the plunger G. The 
press ram being now raised to the height required, the 

uilibrium valve Q is opened, and the steam at the back 
of the piston F is transferred to the other side of it, as 
before described ; the exhaust valve U and the clack valve 
O are also opened at the same time, and the steam in the 
cylinder A exhausted; the pistons E and F are then in 

ition ready to commence the next pressing a. 
he valves are all worked by one man by means of rocking 
shafts, and suitable means are provided to prevent the 
— E and F coming into contact with the ends of their 
cylinders. 

Having thus described the mode of working, the author 
will proceed to give some of the dimensions of a cotton bale 
pressing plant constructed on this principle. 

The cotton press itself has two cylinders with the rams 
working upwards; these raise a crosshead to which are 
attached strong wrought-iron links, which carry the follow- 
ing table or platen, as shown in Fig. 2; the casting on 
which the cylinders rest forms the top platen, and the 
water being forced into the cylinders raises the lower platen 
on which is placed the cotton bale, and compresses the latter 
to the required density. 

The steam cylinders are each 56 in. in diameter; the 
pressure of steam used is 80 lb. per square inch ; the area 
of each piston being 2463 square inches, this, multiplied by 
80, gives 197,040 lb. total pressure on one piston. The 
lunger is 9¥in. in diameter or 74.66 square 


hydraulic 
inches, and a = 2640 Ib. per square inch as the 


pressure on this plunger. The cotton press itself has two 
rams, each 22 in. in diameter, the collective area of which 
= 760 square inches, and 760 square inches x 2640 lb. 
square inch=2,006,100 lb. or 895 tons total pressure on the 
bale with 80 Ib. of steam per square inch in the boiler. With 
a pressure of 3 lb. per square inch of steam in the cylinder all 
the weight and friction of parts is overcome ; and since each 
pound of steam represents a pressure of 2,006,400—80, or 
25,080 Ib. on the press ram, the total frictional resistances 
only amount to 75,240 Ib., or say 35 tons approximately. 

ucting this from the total pressure 895 tons, there: 
remains tons total effective pressure. It must not be 
forgotten, moreover, that a part of the dead weight 
raised is utilised in returning the pistons and rams after 
each pressing operation is over. 

In calculating the power of the press, the second steam 
and water cylinders are not taken into consideration ; it is 
to them, however, that the economy of this system, 
in addition to that already attained by abolishing gearing, 
is chiefly due, for the second cylinder accomplishes five- 
sixths of the stroke of the press, using only the steam ex- 
hausted from the first one to do so. 

The makers of these presses in America guarantee to 
press at the rate of 75 bales per hour, on a consumption of 
fuel not exceeding one ton to 300 bales, or 7.46) lb. of 
coal per bale—or in value about .62d. ; it frequently in 
practice does not exceed 6 lb. per bale, giving a cost 
of $d. per bale only. Firms using this press in the United 
States, at Mobile, A ta, Charleston, &c., have turned 
out bales at the rate of 80 per hour; one firm has t 
out 93 per hour for several consecutive hours, and dn one 
occasion, as a trial, did 40 bales in 20 minutes, or at the 
rate of 120 per hour, and 25 of these bales, in 
the press, gave an average density of 46.71 per cubic foot. 
The average on five vessels by a Press Company at 
Mobile was 1748 Ib. .ton, cargo capacity, or a gain of 
20 per cent. over previous cargoes done by other presses. 
There, however, no difficulty in pressing tu a greater 
density when required. 

Of course the conditions of pressing cotton in the States 


the valve P; this drives the | i 


passes u 
which, oly by its —— and partly by the pane gro’ 


-account for the extra consumption, 


and in India are. different, and it that the 
ein ng wp a als Hann 


time is as much or more occupied in 
every 


be 

the ; 

Sng to ba ollcstod tn the thas stunieed for mping wp 
considera e, 


in making for this, the 
sa 

the presses in a day’s work must be very 

the simplicity and fewness of moving parts will i 


presses being always at work instead of 

,asis now the case, on account of 
hers, and fractured ing. 

It is evident also that with an increase in 
i — 

capital invested. Where there are a group of pee, 

by a simple arrangement of stop valves, one set of steam 


valves, 


of 
‘ore less 


cylin 


up. 
The author is of opinion that, where water pressure is 
available, one t risk of fire in warehouses, often 
situated in crow towns, can be avoided by using this 
intensifying arrangement, modified, of course, to suit the 
different conditions of the motive power emplo (water 
instead of steam), but retaining the simplicity due to the 
single stroke and absence of valves. 

As the practical application of this principle, Mr. 
John F. Taylor, of Charleston, United States, has now 
made some thirty-five presses ing from 300 to 1500 
tons power. They have not as been introduced into 
this country or India. 

In the course of the discusssion on the recent paper b 
Mr. Wilson on ‘‘ Cotton Presses,’ the more economi 
working claimed for the Watson press was ascribed to the 
fact that the pumps used with the latter were not of the 
direct-acting long stroke type. ing that in the direct- 
acting plan advocated in this paper, the principle is carried 
out to a much greater extent, it is well perhaps pepe gn 
the author’s reasons A a advocating this extension of the 
direct-acting principle. 

The great difference in the cost of working the two 
esses referred to was distinctly stated not to be caused 
y any difference in the quality of the workmanship, nor 

was it attributed so much to the difference in the d 
of the presses themselves ; and any economy due to 
cause would, of course, be obtained quite irrespective of 
the mode of pumping employed. Now, although by sub- 
stituting a Watson press for the form of cotton press 
described in this paper in connexion with the pressure 


apparatus, there would in some cases be a further 
economical gain in the any of working, due to the facility 
or 


this ent gives ing the box with loose cotton 
while the Gale is teing tod, yet this gain would have to be 
credited to the press itself ; while on the other hand, if we 
substitute a direct-acting system in place of the pumping 
arrangements now used with the Watson press, a 

saving in cost and speed of working will be effected, by the 
pressure per eony | gear, in — - am oo in the 
machinery where the pressure is app! utilised. 

The question of the ive economy of the Watson and 
Wilson presses ap to resolve itself into this, that the 
expenditure of fuel is increased, though not in a direct 
ratio, as the stroke of the = is increased, for, while 
with pumps 6 in. stroke eac nile costs $d. for fuel, witha 
stroke of 36 in. the cost of fuel is 2d. per bale. It was very 
justly urged, as an advantage, that by having a consider- 
able number of pumps, it was easy to meet the increased 
resistance due to the increasing pressure per square inch, 
as the bale got nearer completion, by reducing the number 
of pumps, and thus to keep the engine power uniform ; but 
the Wilson press has twelve my Agee h sae 
acting, possesses even now near same y as the 
Watege ress for reducing the number of the pumps at 


work as the pressure increases, so that the difference in the | Vi 


cost of fuel between the two cannot be due to the 
difference in the number of their pumps. 

It was stated in the same discussion that the problem to 
solve, as regards the ping apparatus, was to supply a 
great body of water at a lower pressure to commence with, 
and a small quantity at a high pressure to finish with. 

This is done in the simplest and most direct manner by 
the large and small plungers described in this paper ; and as 
to economy, seeing that the low-pressure aod is forced in 

steam taken from the cylinder, which has 


Wicody foreed i the small tity of ter 
0. in the s quant water re- 
alrndy foro previous bale, it ® diffeult to imagine a 


more direct and simple way of attaining that object. 

Some other cause, therefore, must — ate t for & 
one speaker, is to be found in the increased velocity of the 
water as it is driven through the pumps when of longer 
stroke. Assuming the two presses under comparison to be 
of about equal powers and speed, the quantity of water 
passing into them in the same time will be about equal 
also, and therefore the velocity may be assumed equal in 
the inlet pipes. Any difference in the relative velocity of 
the a waters must therefore occur while it.is passing 
throug’ ie pumps. 

Since the difference in the cost of fuel per bale represents 
a difference in the horse power required in the proportion of 
.75 to 2, we will see ( the velocities given, viz., 75 ft. 
450 ft. per minute in the two cases) whether the extra 
agers ; to overcome the difference of pressure due 


an increased consuaption. 
A little consideration will show that the increased re- 


urned | sistance is the press due to the increase of velocity in the 
water must be relatively small, while the weight of water | 


to be —— is small also. The two low-pressure 
linders in the Watson press hold about 43 gals. and 
two high-pressure ones about 21} Bn Me | a total of 
60 gals. approximately. We have assumed that 
the two presses work at the same speed, and assuming also 
that they require the same quantity of water per bale, and 
that the press is raised in either case in 90 seconds, we 
have 60 gals. or 600 Ib. pum in 90 seconds, or 400 lb. 








per minute; and as the difference of resistance is but 


ders similar to those just described can work the whole | 


erence in velocities, can possibly account for such | Pp, 


t2. | Porte-Maillot 








Mr. Lindsay submi' to the Sou 


either by wa: r of Gooliva or Wellington 
Freamchay the Seale vid Gooliva. His 


P sare aire oraenyntin ogc Be hich 
e , as an one, w. 
no result, but he thorough! 
admitted the Sovirebill of ishi ‘railway ptccn ao 
cation with the sister colony. A short discussion followed, 
during which it was pon by Messrs. and 
ee ape ng should i 
partl water ; 
of more a Ay dk South 
the New South Wales border, and that to make a line to 
ictoria, would be to make Adelaide an of South 
Australia ; and by Mr. Krichauff, that South Australis 
would gain the chief advan whether connected with 
Siena te eee re Lindsay withdrew his a. 
eeling object been served by calling atten 
to the need of the work. by ‘ 3 
American Steel Rails.—The price of steel rails ex- 
pemenaen acoueaprenre further fall last year. In Jan . 
877, the current quotation at the Pennsylvanian 
49 dia parton in December 1877, isha ean to 0k dol. 
per ton. e a ‘or the w was 
a trifle over 454 dols. per ton. em 


Havana, Cuba. The works have, further, orders on hand 
from Mexico and Peru. | 


Canada and the de.—Arrangements have been made 


cemmeny of Canada for the 
ertablishmentof a new fortnightly line of steamers between 
ortland, Maine, and Glasgow. Five steamers will carry 


on the service h commence at once. 


ay official inquiry 

at ‘ecture of the Seine, upon the question of 
Porte Maillot railway station sed terwiantiog in’ the in, 
way 8 n- 
terior of the Jardin @ Acclimatation ion. 

Cheap French Railways.—By a decree of the French 
Minister of Public Works, MM 
and De Basire, engineer - of 
instructed and deputed to study 
the most economical conditions for the construction and 
working of railways of local interest. 
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canvas, having strips of leather stitched across it | this, a hard, clean-grained powder does not foul the 
THE MANUFACTURE OF GUNPOWDER. at 4 in. apart. This band passes over two drums, gun so much as a soft powder. 
By James A. C, Hay, the upper one being driven from the gearing of the| For the purpose of compressing the meal powder 
(Continued from page 38.) machine, so that when in operation this band | into what is called “press cake,” a pow hy- 


“Tar BREAKING-Down MACHINE. 

Tue powder, having been incorporated, is taken 
from the mills in open tubs and placed in small 
magazines, where it is allowed to remain fora day, 
in order to give the viewer time to examine the 
quality of the cake, and to compare the production 
of one mill with that of another, for it is found that 
that part of the charge which has been subjected to 
the last few revolutions of the runners is generally 
a little drier than the rest; therefore, allowing the 
whole to remain exposed for a short time, tends to 
equalise the moisture, from two to three per cent. 
of which greatly assists the operation of pressing. 

The incorporated powder, in the condition of 
soft cake, has now to be broken up into pieces of a 
uniform size, so that the spaces between the plates 
in the press box (hereafter described) may be 
equally filled and the powder subjected to the same 
amount of pressure over its whole surface. Reduc- 
ing the mill cake to meal of a uniform size also 
assists in mixing any portions that may be more 
dense than others, due to their having been under 


the runners and receiving the full effect of the 


incorporating operation up to the last. 





——— 


The breaking down of the mill cake is effected by 
the breaking-down machine (Fig. 6), which consists 
of two gan-metal side frames, supporting two pairs of 
gun-metal rollers, the one pair being immediately 
under the other. These rollers are 7} in. in diameter, 
and have a total length for operating upon the cake 
of 2ft.6in. The surfaces of the upper pair have 
grooves of 1} in. pitch, cut longitudinally upon 
them toadepth of 4in. These rollers work at a 
speed of 25 revolutions per minute, and motion is im- 
parted to them by means of a main driving shaft and 
spur gearing connected with the motive power. The 
back roller of each pair works in a sliding bearing, 
and is pressed forward to its opposite roller and kept 
up to its work by means of weighted levers. Thisis 
a safety arrangement, and is provided in order to 
admit of the rollers opening to allow any large 
quantity of the cake, a hard lump, or any foreign 
substance, to pass freely through them, thus pre- 
venting injury to the machinery, and possibly an 
explosion. There is also a scraper attached to each 
pair of rollers for removing from them as they 
oe any powder that may adhere to their sur- 

‘aces, 


To prevent the dust spreading about the buildin 
when the machine is at work, the rollers are encl 
m sheet copper and gun-metal casings; these also 
act a8 spouts, and guide the meal into the boxes 
placed underneath the machine for its reception. 

The working of the machine may be described as 
follows: The incorporated ‘ mill cake” is brought 
from the magazines, and placed in a wooden hopper 


that holds about 700 Ibs. Underneath the open 
works an endless band of strong 


side of this hopper 


revolves, and carries a portion of the ‘ mill cake” 
with it from the hopper, and discharges it over the 
upper drum between the first and uppermost pair of 
rollers. After being crushed and passing through 
these, it falls into the second pair immediately 
underneath, where it is further crushed or broken up 
into pieces of the required size. From these it falls 
into the spout, and is conveyed to the boxes placed 
underneath for its reception. 

When the hopper has been filled with mill-cake, 
the attendant retires to a place of safety, and then 
sets the machine in motion. After working for 
about half an hour—which is sufficient time to break 
down an entire charge of 700 1b.—he, from his place 
of retreat, stops the machine, and, after waiting for 
a few minutes, enters the house, empties the boxes, 
and removes the powder befor re-filling the hopper. 








The meal, as it is taken from the boxes, is con- 
veyed in tubs, and placed in other small magazines, 
from whence it is taken as required to the press- 
house for the purpose of undergoing the next process. 
All these dangerous operations are carried on in 
separate buildings, well removed from each other ; 
and, as a matter of precaution, the machine is 
entirely constructed of gun-metal and wood, except- 
ing the shafts, which are of wrought iron encased in 
copper. 

THe HYDRAULIC PRESSING APPARATUS. 

The last operation of breaking down the mill cake, 
and the one now about to be described, of pressin, 
the meal into a solid cake, is merely for the a ry) 
fitting it to be made into a hard grain of equal density, 
In the pressing process, the powder that has passed 
through the breaking-down machine is brought from 
the small magazines to the press-house, where it is 
compressed into hard cake. Many advantages are 
gained by this operation: first, the cake when made 
into grain of the required size absorbs less moisture 
from the atmosphere than if it had been soft and 
not pressed, and the lasting qualities of the powder 
are much increased, espécially if glazed ; in, by 
having been comp the powder is less liable to 
be reduced to dust in transport, for if properly 
made it may safely be kept for a number of years, 
even on board ship at sea, withcut any appreciable 
deterioration. Further, by a closer connexion of the 
ingredients a larger volume of gas is produced, bulk 
for bulk, than from a soft light powder ; it also pro- 
duces more grain than could be obtained from “ mill 
cake” not pressed, and consequently there is less 
waste by dust in manufacture, and in addition to 














draulic press, Fig. 7, is employed. The a; tus for 
holding the meal frais of a very pe gun- 
metal box encased on the outer and inner sides with 
oak ; it is 2 ft. square and 2 ft. 6 in. deep, the 
bottom and one side are permanently fixed to each 
other, but the other three sides are hinged to the 
bottom, so as to allow of their being opened ; when 
shut these sides are firmly held together by strong 
coarse-threaded metal screws. 

The box, when about to be filled, is first laid on 
its side in front of the press, and the up ost side 
is then opened and laid back. Two guide racks, of 
gun-metal, with wooden ribs on them, forming a 
number of grooves one-tenth of an inch in width 
and five-eighths of an inch apart, are hung on the 
inside of the box to those pe a that have not been 
opened ; into these grooves a series of gun-metal 


MACHINERY FOR THE MANUFACTURE OF GUNPOWDER, CONSTRUCTED BY MESSRS, TAYLOR AND CHALLEN, ENGINEERS, BIRMINGHAM. 


pistes snotents of kg rs en - ed ge ae racks 
eeping them upright and equidistant. spaces 
between the elaten. are now filled in with the meal 
owder, and this being done, the racks are with- 
wn, leaving the plates supported in their position 
by the powder between them. The third side— 
which has remained opened until now—is then 
lowered down and screwed fast up to the two sides 
already in position. The box is provided with two 
projecting gun-metal claws that fit into a mandrel 
attached to the front of the press; upon this mandrel 
the box is now turned by means of overhead tackle, 
the mandrel being so adjusted that when the box is 
raised y into a vertical position it is pushed 
over and lowered down exactly on the centre of the 
press table. Attached to the press crosshead are 
two overhead rails, carrying a large block of hard 
wood, which is mee ag travels upon these rails by 
means of four wheels; when the box is turried over 
on its side for the purpose of filling, this block is 
drawn back to the extremity of the rails, and when 
the box is filled and replaced on the table and in the 
roper position for pressing, the block is drawn 
orward again until it arrives exactly over the centre 
of the box, where it is retained in position by means 
of a catch, 

The press is now put in motion by means of 
umps, which are driven either by steam, water, or 
and power, and are placed in a separate building, 

on the opposite side of a high traverse that divides 
the one building from the other. In the ——— 
the attendants remain in safety while pressing 
operation is being performed. 

The pumps are of the description generally used 
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is soft, the large plungers are used and the 

pidly, but when the press has 

traversed about three-fourths of its distance the use 

of the large plungers is discontinued, and the 

smaller ones worked until such time as the powder is 

subjected to a pressure of 70 tons per square foot 
of surface. 

When the pumps are first put in motion, one of 
the attendants remains in the press-house for a short 
time to see that the block enters the box fairly, and 
that it is in the centre; a clearance of about a 
quarter of an inch is allowed all round between it 
and the box. [If all is in order, the attendant 
then retires to the pump-house, and when the re- 
quisite pressure has been attained, the press is allowed 
to stand for a few minutes with the full pressure on 


for such urposes, and are fitted with e and 
small Em At first, when the canal to be 
box is raised ra 


it, this allows the air to escape and the powder to/| ga 


consolidate. Should the pressure go down from this 
cause, the pumps are in set in motion until the 
full pressure is attained; and, after allowing a few 
minutes to elapse, the escape valve is opened and the 
ram with the box descends. The overhead block is 
now run back out of the way, the box turned over 
on its side, and all the fixing screws removed from 
the three sides, the uppermost one is lifted up and 
turned over, and the other two are opened out. The 
powder, with the gun-metal plates between it, will 
now be found to be standing like a solid mass onthe 
side of the box underneath, and which for the time 
forms the bottom. 

The plates and powder cakes are now separated 


by copper chisels, and the Zin. to 
bee in thickness, and 1 28 of slate—is 

ken into pieces about the sizé'of a ’s hatid by 
means of wooden mallets, It is’ pow collected, put 


into tubs, and removed td the next™ magazine, 
where it is allowed to remain.for two or three 
days ; this renders it so hard that it is not easy to 
break it, 

Some difficulty is at times experienced im obteinin 


precisely the same density in the) sd powder, 
and it is an ascertained reality any great dif- 
ference in this particular causes the powder to vary 
considerably in quality and. s ; imfact, until 
the greatest precision: and’ ce: 
firstly, in purifying the ingredients, so a#*to insure 
their containing the same percen of, gases and 


carbon ; and, secondly, by an equally precise t 
of incorporating and Srontmanahesiene unifi ity.in 
the quality and strength of the powder manufactured 
cannot be secured. 

The press cake is now ready to be taken to the 





granulating-house, there to undergo the next opera- 
—_ (To be continued.) 
LITERATURE. 


4 Treatise on Slate and Slate Quarrying, Scientific, 
Practical, and Commercial. . O. Davies, F.G.S8. 
London: Crosby Lockwood and Co. [Price 6s. | 

Mr. Davies bas written a useful and practical 

hand-book on an important industry, with all the 

conditions and details of which he appears familiar. 

Commencing with a brief sketch of the geological 

formation and position of slate, he enters into a 

detailed consideration of the varieties and different 

characteristics of the material, Various analyses 
given show that the chief part of the deposit is 
composed of silica and alumina, the colour depend- 
ing upon local influences affecting the clay at the 
time of its deposition, The most ordinary colour is 
dark blue, due to protoxide of iron, or iron and 
oxygen combined in the proportion of one of the 
former to two of the latter. The red and purple 
pagar are caused by mages of iron and oxygen 
n proportions. 2 magnesia _— a 
- tinge, and carbonaceous material dd ecom- 
posed sulphide of iron a black tint. In the same 
way these arvaeanete and —_ ara pt the 
time of deposition frequently variegate the slate, 
giving it a mottled or banded ce. Lines 
generally straight, but sometimes waving, generally 
cross the surface of even the best slates. e direc- 
tion of the lines of cleavage coincide with the strike 
of the beds and are at right angles to the dip of the 
strata. In North Wales the direction of cleav- 
runs from N E. to S.W., while the dip is either 
-W. or S.E. The formation of the slate with all 
its specialities of dip and cleavage lines is thus de- 


carried by the rivers to the sea. This mud consisted | 
chiefly of silica and felspar with small amounts of 
lime, magnesia, iron, potash, and copper. When 
brought to the sea the mud was deposited 
in layers or beds in which the remains of crea- 
tures belonging to the sea became imbedded, The 
mud in course of time got covered up with 
other materials. The whole mass slowly hardened 
and consolidated by pressure as well as by heat. 
Lifted up out of the water it cracked and split in 
various directions in the process of drying. In- 
fluenced by that law of crystallisation by which all 
minerals assume certain definite shapes, silica and 
felspar forming the bulk of the deposit, the mass 
split up for the most part into rough rhomboidal 


masses. This crystallisation and splitting was aided 
through long by magnetic currents which 
through the mass to the N.N.E., and which 


ve a tendency in the icles to arrange them- 
selves in that direction. Then came great disturb- 
ing forces, by which the beds were bent and 
twisted in all directions. The great pressure atten- 
dant on these lay, we have seen, between the 
W.N.W. and E.S.E. Between these two points the 
particles of the mass became flattened and com- 
pressed into about half their original bulk, and thus 
was imparted to the unbroken masses of rock that 
lay between the great cracks and divisional places 
that tendency to peel off from each other which we 
now know by the name of cleavage.” Such dis- 
turbances as those indicated above could not affect 
the whole deposits uniformly, and many interrup- 
tions to the regular lines are a found. 
The occurrence of d obeliyae peste anafiedeed 
which have remained wholly or ially 

the want of uniformity in the material of the slate 
itself, the existence of! felspathic ee one 
veins that have overlaid the slate wh a molten 
state, or veins due to” eruptive causes that have 


quarry, especially with reference to the rights of 
property and privileges of working. He then deals’ 
with the practical methods of obtaining and manu- 
facturing ; 1, by the method of open quarries in a 
hill side; 2, of chambered quarrying; 3, under- 
ground working by means of shafts. ‘The approxi- 
mate preliminary costs of these various works are 
given in considerable detail, as well as a general 
notice of the outside arrangements of plant required. 
The manner in which a slate quarry is worked is 
interesting and may be briefly abstracted from Mr. 
Davies’ volume, The gallery having been opened, 
it is divided out into lengths of from 10 yards. to 
15 yards called ‘‘ bargains,” which are let out into 
gangs of six men by the month. These men con- 
tract to quarry the rock nd deliver the prepared 
slate to the company ata fixed price.. The company 
usually pay for the transport of the slates to the 
dressing works, and remove the waste. They also 
provide all tools, which are kept in order by the 
contractors, who pay also for powder, candles, &c. 
The men are paid by a fixed scale, to which however 
is added a percentage varying with the difficulty of 
the work and the quality of the rock. Sometimes 
this scale price is trebled, In quarrying rocks which 
dip tow: the working face, care has to be taken 
to keep the work well stepped back to prevent falls. 
Holes are drilled either by hand or machine, and, in 
favourable rock, charges of from 15 lb. to 20 lb. of 

wder are used at a blast. The blocks thus 
rought down are broken up into convenient sizes 
for handling, and sent on to the slate makers. The 
arrangements between the company and the men 
render it mutually ype ye to obtain as many 
slates as possible out of block, and some little 
skill is necessary on the part of the splitter to effect 
this, The blocks are split by ing notches at the 
end and drivingin a wedge on the line upon which 
it is desired to break the block. If they are too 
long, are cross-cut, after having been divided up 
into bl about 2 in. thick. These reduced pieces 
are then taken to the dressing-sheds, and the 








soribed by Mr. Davies. ‘‘ There was first of all 
an immense quantity of mud washed off by rains and 


ensuing work is divided between two men—a splitter 
and a dresser, ‘The former divides the blocks 


slate, | ness combined with ~ 


netrated it, are all causes of irregular: splitting,); 


gen 
ing, and at this rate the product of the mill is 262 


also general plan, Fig. 1). 


gradually to their ultimate thickness by means of 
broad steel wedges, the operation becoming delicate 
as the slab becomes thinner. The dresser trims 
the slates to size on a table, and by a long knife. 
Slabs are sawn out from suitable pieces of rock, 
faced and finished with-more or less care accord- 
ing to the purpose for which they are required. 

The total production of slates and slabs in North 
Wales during the past year was about 600,000 
tons, and the total production of the British Isles 
some 750,000 tons, while the profit from the in- 
dustry is about 1,000,000/. sterling. The amount 
of finished slates is about one-fifteenth of the total 
rock removed, so that the latter is equal to a mass 
of about 1000 yards long, 500 yards wide and 
11 yards deep. It may be interesting to note that 
the price of slate to-day is between four and five 
times as great as in 1799, when the firat records of 
the slate industry are given. Between this date 
and 1830 only three sizes appear to have been manu- 
factured, 24 in. x12 in., 20 in. x LO in., and 16in. x 
8in. Asa matter of course, the slate industry like 
every other, has been of late subject to competition 
from abroad, and especially American competition. 
With regard. to the latter, Mr. Davies writes as 
follows: ‘* Not very long ago 150 picked men were 
taken from the Bethesda district to America, to 
work the slate quarries there. Already we hear 
of cargoes of slate being sent on to this country 
and sold here. Even if labour were abundant in 
the districts of the American continent in which 
slate is found, the slates of that country so far 
could not compéte with the Welsh slate for light- 
Our exports to 
America are as as ever, and many of the men 
are returning to the old country.” e prices of 
the American slates are moreover much higher than 
those of Wales. ©" =» * 
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AMERICAN IRON AND STEEL WORKS.* 
By A. L, Houtey and Lenox Smita. 
No. XV.—THeE Norra Cuicaco Roiiine Mitt 
ComPpany—(concluded). 

The ** South” or Iron Rail Mill—Fig.9 (see also 
Fig. 1 page 40 anée) is a wooden building 290 ft. by 
176 ft. in plan, and contains besides the rail mill and 
furnaces the puddle mill before mentioned, The 


general arrangement is similar to that of the steel 
rail mill, viz., the trains stand in a line lengthwise 


of the building with furnaces on one side, and saws, 


hot bed, &c., on the other, an arrangement which is 
neither economical nor convenient. 


The flat train for making slabs for rail heads is a 
three-high 19-in. train, driven at a s of 60 revo- 
lutions per minute by a horizontal direct-acting en- 
ine of 30 in. diameter of cylinder by 28 in. stroke. 
our furnaces are worked to this.train, and turn out 
144 piles for a turn’s work. 

The rail train is a three-high 19-in. train, working 
at 90 revolutions per minute, and driven by an 
engine of the same dimensions as that which drives 
the flat train. The rail piles are reheated after the 
fourth in the roughing rolls, six furnaces being 
y used for first heating and two for reheat- 


rails turn. Ten of the furnaces have hori- 


zontal double flue boilers standing on the floor level, 
and the supply of steam is ample for the three-train en- 
gines, shear and saw engines, &c., in the mill. There 


are also two furnaces used for heating single old 
rails, which are broken down into bars in a stand of 





*In the course of this series of articles, t re- 
ference will necessarily be made to the exhibits of various 
steel manufacturers in the United States, at the late 
Centennial Exhibition, some of which exhibits were not 
noticed in the brief review of American Iron and Steel Ex- 
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umns. 
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of the com: "s _property necessitated the placin 
of the nen aa at the end of the plat fare 
thest from the blast furnaces and in a somewhat 
cramped position, so that the yard room available is 
extremely small and crowded. Ground was broken 
here on April 20, 1871, and the first blow took place 
on April 10, 1872. The plant, which consists of 
two 5-ton vessels with all appliances to correspond, 
was designed at a time when the experience gained 
by several years working of the Bessemer process in 
America had enabled the scheming of a more satis. 
factory and complete. arrangement than had before 
been thought possible. When completed this plant 
was pronounced the most perfect in existence, and 
although in more recent works, many improve- 
ments in detail have been introduced, such as in 
the Vulcan Works, illustrated in our number of 
March 9th last, yet the North Chicago plant may 
be taken as an excellent example of an American 
Bessemer works. In general arrangement the plan 
is remarkable for the convenience, roominess, and 
accessibility of all its parts. 

There are three buildings adjoining each other, 
the boiler and engine-house on one side of the con- 
verting-house and the melting-house on the oppo- 
site side, all brick buildings with wooden roofs, A 
longitudinal section. of this converting house was 
given on page 409 of vol. xv. of ENGINEERING. This 
house and melting house, although under distinct 
roofs, are separated only by a wall pierced with 
numerous arches for convenience of access, and form 
in reality but one building with a length of 115 ft. and 
a width of 128 ft., of which the converting-house takes 
up 82 ft, The boiler and engine-house is 83ft. by 80ft. 

he area covered by the buildings, including ad- 
ditions for office, weigh-house, and stock-houses, is 
21,000 square feet. In the converting-house the 
arrangement is that common to all American works, 
yiz., two vessels turning toward the casting pit and 
standing high above the general level, three ingot 
cranes, a ladle crane in a shallow pit, and the usual 
appliances for charging bottoms, &c. The vessels 
stand 20ft. apart from centre to centre, and the 
centre of the trunnions is 9 ft. 6 in. above the general 
level. Their arrangement and rotating gear is shown 
by Fig. 11, page 99. Each vessel has a cast-iron 
eentre section carrying the trunnions, to which the 
top and bottom sections, which are made of plate- 
iron worked in single curved surfaces, are attached 
by bolts and keys. Inside the lining the diameter 
of the vessel is 6 ft. and the extreme height is 14 ft. 
The bottom used with these vessels is Mr. Holley’s 
design without the recent modifications, and is 
simply a ‘ plug” of eetanateny material with 
slightly tapering sides, pierced for twelve tuyeres 
and resting upon a casting easily removable 
from the vessel. We shall speak of the method 
of making up this bottom and of the refrac- 
tory materials generally further on. ‘There is 
a hydraulic lift under each vessel by which the 
bottom is raised from the car on which it is run 
into position, and this car is moved by a hydraulic 
cylinder. A brick pier stands between the vessels, 
and supports inner trunnions (which carry the 
pinions) and a pair of hollow standards, upon each 
of which rests a vertical hydraulic cylinder for 
moving the vessels. ‘These cylinders are thus 
raised high above the vessels, and are perfectly 
accessible from the second floor of the melting- 
house. The outer trunnion of each vessel is the 
blast trunnion, and is carried upon a beam sup- 
ported on columns, one of which serves as the 
blast pipe, and underneath this beam the lower 
section of the vessel can pass when taken off for 
relining, A platform surrounding the vessels at 
the height of the trunnions is a continuation of 
the first floor of the melting-house, carries the 
runners, and affords access to all sides of the 
vessels for patching and repairs. The ladle crane, 
like the other cranes, is of the top . ope 
type, having a bearing, through which the mast 

ides, in the roof of the building. We may men- 
tion that the roof trusses are of wood, and that 
a system of bracing transmits the thrust of the 
cranes to the walls. The ladle crane has a lift of 
6ft., and is swung round by hand, and the ladle 
is moved radially upon the crane jibs by a screw 
and hand-wheel. In the casting pit, which has a 
radius of 19 ft., and is but 3 % deep, there is 
room for 27 moulds, in which double rail ingots, 
12} in. square at the base, are cast. All ingots 
are cast from the top, the management bein 
apparently satisfied with the results obtained wi 
top casting, and it would seem from the product 





handling a large 

in ing a of. ingots. The in 
cranes, which are s0 , ee ae 
swing over the vessels, have a swing of 22 ft. 
and a lift of 9 ft. Under the cranes on opposite 
sides of the pit stand the ladles, ten in number, 
and the bottoms in course of i Bottom 


thoroughly drained in cold weather. 

The melting-house is particularly remarkable for 
roominess and the clever arrangement of its details, 
The four cupolas for melting pig iron stand in a line 
le: wise of the building, and are supported on 
walls and arches which form, on the lower floors, 
convenient bins for storing materials, 

As in all American works, the cupolas have drop 
bottoms and slag taps, and the slag and débris is 
shot down an inclined shoot, and delivered outside 
the building. In front of the cupolas, on a lower 
level, stand two ladles, each on a scale platform and 
provided with tipping gear for running the melted 
iron into the vessels. ‘The charging floor, to which 
coke, iron, and spiegel are raised by a hydraulic 
hoist at each end of the building, stands over the 
ladles; it is 37 ft. 6 in. above the general level. 
Spiegel cupolas, three in number, and a reverberatory 
furnace for melting spiegel, stand at one end of the 
building, on the same level as the large cupolas, 
that is, 25.ft. above the general level. A corre- 
sponding space at the opposite end of the buildin 
is , on various floors, for grinding, mixing, an 
storing refractory materials, 

In the boiler-house are eight tubular boilers, each 
15 ft. long, 5 ft. in diameter, with forty 4 in, tubes ; 
there is a separate chimney for each boiler. The 
fuel ordinarily used is nut and slack coal mixed with 
spent tan bark from neighbouring tanneries, and 
is burned on flat grates fitted with a rocking 
attachment. These boilers supply steam at a 
working pressure of 601b. to the blowing engines, 
pressure pumps, and fan engine. The blowing 
engines, two in number, are horizontal, direct-acting, 
condensing engines, independent of each other, 
either of them capable of blowing a heat in an 
emergency, but habitually working together. The 
steam cylinders are 42 in, in diameter, the blast cy- 
linders 54 in., with a stroke of 5 ft., and at 24 revo- 
lutions per minute, the two engines furnish blast at 
201b. per square inch. Flap waves of rubber admit 
the air to the blast cylinders (which are water 
jacketted), and similar flaps with iron backs serve 
as exit valves. The air pistons are packed with 
wooden segmental rings. 

There are two — pumps of the Worthington 
duplex double-plunger pattern, one of which has 
25in. steam cylinders, 9} in. water cylinders, and 
24 in. stroke ; the other, a smaller size, is only used 
in case of derangement of the large ee The 
water pressure is 300 lb. per square inch, regulated 
by an accumulator of 15$in. plunger with 6 ft. 
stroke, and the waste water is returned to a tank 
from which it flows to the pressure pump. The 
exhaust steam from the pumps is to heat the 
feed water. A vertical engine with cylinder 18 in. 
by 24 in. drives the fans for furnishing blast to the 
cupolas, also the grinding machinery, and a drop 
for breaking old moulds and sculls. 

The cupolas for melting pig iron are circular in 
plan, 4 ft. 3 in, in diameter inside the lining at the 
tuyeres, 4 ft. 9 in, in diameter in the hearth (which 
is 3 ft. deep), and 5 ft.3 in. in diameter at the 
charging door, which is 1] ft. above the tuyeres. 
Firebrick blocks are used for lining, but these are 
covered on the boshes with ganister, which is made 
good whenever the cupola is standing. From 400 
to 600 heats are melted off these bricks before they 
require renewal, Two of these cupolas melting 
together supply the vessels with 300 tons of iron in 
24 hours, the average rate of working, which, as we 
shall see, is frequently exceeded. As in all American 
works, the cupolas are kept full, the iron melted 
being tapped out into the ladle as it accumulates in 
the hearth, and weighed into the vessels as it is 
wanted. The fuel used is coke, and the charging is 
carried on as follows: a bed of 2400 lb. of coke is 
charged, and when well lighted 2500 Ib. of iron are 
charged upon it, then 500 lb. of coke, 120 lb. of 
limestone, 5000 lb, of iron, 500 lb. of coke, lime. 
stone, 5000 Ib. of iron, and so on continuously. The 
mixture of irons, including steel scrap, is made up 
in each buggy of 2500 lb., which together with the 


ovens are provided at both ends o: the building. | p 
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great uniformity in working—in fact no cu has 
ever been scaffolded, With blast of } Ib, pressure 
supplied by a fan to six tuyeres of 35 square inches . 
area each in each cupola, and the above charges, the 
melting of 94 lb. of iron is done with 1 lb. of coke 
habitually, although for some months 
roportion has been 1] to 1, and as much as.30 per 


The system of und d ponnene in which the | cent. .of steel has been melted without 
pipes are carried to the cranes and vessels is very | creasing the fuel . Sufficient limestone 
complete ; all the pipes are accessible throughout | always charged to map tas ene Seve enough to run - 
their whole length, and are so arranged as to be|f: from le without cutting 


aatonmmrion bat with the refractory ma- 
terials available it is difficult to attain both these. 
objects, and asa rule a cupola is not kept in blast - 
more than.24 hours on account of the undue wear of. 

the lining just above the tuyeres. Two of. these : 
cupolas have in 24 hours delivered to the vessels 
927,500 lb. of iron. 

Spiegel is melted in three cupolas and a reyerbera- 
tory furnace, two of which are always used 
The furnace is of the ordi but-the cu 
are water-jacketted and have drop bottoms. About 
3 ft. above the tuyeres (of which there are three) is 
a circle pipe 1 in. in diameter, perforated on the side 
next the shell with » in. holes, through which water 
is thrown upon the of the cupola and allowed 
to run down into a trough 1 ft. below the tuy: 
whence it overflows into a waste pipe. This kin 
of water jacket takes very little water, which it uses 
to the best advantage, and as everything about it is 
in plain sight any interruption in its working is seen 
at once. e use of this jacket enables a 
to be run for 60 to 72 hours continuously—d 
which time it will have melted from 85 to 40 tons 
of spiegel—with a lining of only 24 in. of firebrick 
or ganister on the plates. A 12 in. lining of fire. 
brick without the water lasts only 24 hours. ‘Two 
heats of spiegel are generally in the cupola at once, 
with a sufficient mass of coke between them, and 
a heat has been held in the hearth 1} hours 
after melting without serious chilling. As to 
oxidation of manganese—using a spiegei with 20 
may a ese, the melted spiegel hes never 

m found to have less than 18 per cent. 

The usual vessel charge is 12,000 lb. of pig iron, 
varied of course according to weight of ingots de- 
sired and amount of scrap melted in vessel, enough 
being always charged to make eight double-rail 
ingots. To blow uantity of metal takes ordi- 
narily 12 minutes with blast of 20 Ib. pressure de- 
livered through 12 —— ha 12 ¢ im. holes 
each ; but it is frequently done in minutes, and 
it has ren that four heats have been finished 
and the fifth turned up within an hour in the same 
vessel. We may mention that “doubling up” as it 
is called (that is, turning up a heat in the other 
vessel as soon as the first is blown) is never prac- 
tised, nor are two heats. blown at once ; one vessel 
is used as long as its bottom lasts and then the other 
is brought into play. There is thus great regu- 
larity in working, and indeed the absence of any 
appearance of ‘rushing it” while turning out a 
product of 1600 to 1800 tons of ingots per week is 
oe 

e rapidity of working which is characteristic of 
American Bessemer works has numerous advan- 
tages, not the least of which is the fact that the 
rapid succession of tions. in the same, vessel 
keeps the lining, consequently the metal, so 
hot that the percentage of silicon in the mixture of 
irons may be materially reduced, thus effe a 
considerable saving in the loss of weight 
conversion, while allowing the use of a large amount 
of scrap in the vessel. mixture in. use atthese 
works contains, as delivered to the vessel, from 
1.25 to 1.50 per cent. silicon and 3.50 pér cent, 
total carbon, and in a blow lasting twelve minutes 
the ‘ first period” five to seven minutes, 
Such metal blows easily, the end of the operation is | 
a indicated, and there are no discharges duri' 
the blow. Formerly t trouble was 
from the filling up of the vessels with an exceed- 
ingly hard slag, and from ‘‘slopping” of metal at a 
particular — of the blow, but these incon- 
veniences became less end less common as the 
number of —— per day increased and the 
necessary modifications of metal were made, until 
with 25 to 30 heats per turn they entirely disap- 
peared. We believe this to be the experience of all 
the American works, 

For 12,000 lb. of pig the recarburiser is usually 
800 lb. of speigel containing 20 per cent. man- 
ganese, the object being the production of rail steel 
with .30 to .35 per cent, carbon and .70 to 1.00 per 








turned out that bottom casting is not a necessity 





regularity and frequency of the fuel secures 


cent, manganese. This steel lies very quietly in the 
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moulds, rolls well, and stands all tests. As we 
have said, all the ingots are cast from the top. The 
moulds have a taper of 1jin. in a length of 4 ft., 
and are made thin at the corners on the plan de- 
vised by Mr. Hackney some years ago. m 60 
to 70 heats is the average life of the moulds, and 
when they become rough inside they are broken up 
and charged in the cupola. The ingots are removed 
- from the pit as soon as they will bear handling, and 
taken at once to the mill and charged hot into the 
furnaces. The steel ladle practice is exceptionally 
good. The ladles are lined with a natural loam 
without admixture of sand or clay, and the lining 
lasts from 12 to 20 heats. In the five years during 
which the works have been in operation but two 


The numberof men and boys in any way connected 
with the manufacture of ingots is 200, a consider. 
able number of whom work in three shifts. 

The Bessemer plant is under the charge of Mr. 
Robert Forsyth, and its remarkable output has often 
been the subject of comment in these columns. 

The “ North” or Steel Rail Mili (see Fig. 12) is a 
wooden building 160 ft. by 102 ft. in plan: it contains 
the blooming and steel rail trains, and was originally 
an iron rail mill of old type. To adapt it to rolling 
steel, the flat train was replaced by a blooming 
train, a steam hammer for chipping and cutting 
blooms was put down, the rail train wasstrengthened, 
someadditional furnaces were built from time totime, 
and six boilers besides those attached to the furnaces 





roll is moved by screws driven by friction gear- 
ing, the rollersin the feeding tables being driven 
in the same manner, and the tables themselves 
raised by a hydraulic cylinder. This arrangement 
works well, but is inferior to that adopted in more 
recent mills—a hydraulic cylinder to work the screws 
and a reversible engine to drive the feeding tables. 
The train is driven at a speed of 60 revolutions per 
minute by a single horizontal condensing engine 
with a cylinder 30 in, in diameter and 36 in. stroke, 
the qreakahels of which is coupled directly to the 
driving shaft of the train, and carries a 40-ton fly- 
wheel. The rail mill engine is a single horizontal 
condensing engine with 36-in. by 36-in. cylinder, 
making 80 revolutions per minute and coupled 
Steam 








ladles have been burned through. were put in. By these and other improvements the | directly to the train, with a 40-.ton flywheel. 
The vessels are linedwithamix- ~~ oy. RS APE A a Mile chee AAS REO 
ture of quartz, clay,and sand, which = pe} pp SSS 


is rammed about a core in the usual 
manner. As made up ready for use 





the lining mixture contains : 





























Per cent. P —_ 
Silica 88.80 
Alumina 6.19 P 
Lime ose on 55 
oe ide of iron ... 2 ) 
ater " 
on fi & 
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From 1000 to 2000 heats are got § 
from a lining. The vessel bottoms 
are made of the same materials in 4 
slightly different proportions. Se- 
parate bricks of the mixture are Pf 
rammed up, dried, and set between 
and around the tuyeres, and the 
spaces left are rammed up with fresh 
material. The whole bottom is then 
dried in an oven and is ready for 








use. 
As used the bottom stuff con- 
tains : 


Silica 

Alumina 

Lime Mae on 
Peroxide of iron ... 
Water 


Per cent. 
78.50 
13.50 

.60 
2.25 
5.00 
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The average life of a bottom was § » 
in 1876, 134 heats; the maximum 
number of heats from one bottom 
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was 22, the minimum 7. 
The tests for quality of the steel 
comprise: a carbon determination ; 


, ae 























a blacksmith shop test, consisting 
of the cold bending of anannealed—_ 
hardened, if thought necessary— 
# in. square bar forged from a test 
ingot, and the inspection of the 
fracture of the same bar left 1 in. PE 

uare for that purpose ; and a test : 
of rail ends by blows of a three- 
ton steam hammer. 

The ordinary output of this Bes- 
semer plant—the work which must 
be done to keep the rail mill in 
operation—is 300 heats per week of 
1] turns, or an average of 27 heats 
per turn, As the heats yield usually 
5} tons of ingots, this is a product 
of 1575 tons per week, which is 
much below the actual capacity of 
the plant, and has been very often 
exceeded. ‘ A week” is understood 
to mean the 1], or rather 104, turns 
between Monday morning at six and 
Saturday at noon; no blowing is 











ever done on Saturday night or nr 
Sunday. The heaviest week’s work | 
has been 1909 4429 tons of ingots, | 
of which 1802 tons were made in 10 =o 
turns. The best 24 hours’ work has Fig 12 


been 75 heats, yielding 392 4949 
tons of ingots, and the best turn’s 
work 89 heats with 204 WA tons 
of ingots in 11} hours, 

It should be understood that no extra men are put 
on for these ‘ big runs,” nor are the expenses in any 
other wey increased ; nor is there any reason, aside 
from the accumulation of ingots in excess of the 
needs of the mill, why such a rate of working should 
not be kept up indefinitely. In the six months ending 
June 30, 1876, there were made 32,634 3448 tons of 
ingots, and in the year 1876 there were made 
11,706 heats, corresponding to 61,511 #428 tons of 
ingots, in 498 working turns, or parts of turns, 
being at the rate of 124 tons per turn worked. 


en 
~ e gitanwer 
4 


eS STEW. 
g the.4w. 


Toe He ih 


p= Fame | a . 











































































~- ——— 2 ——— 


mill has been made capable of turning out a large 
product but the arrangements are extremely incon- 
venient. 

The rail and blooming trains stand in a line 
lengthwise of the building, and the furnaces, most 
of which have attached boilers standing on the floor 
level, are in pairs at right angles to this line on one 
side, the other side being occupied by the boilers, 
hammer, saws, and hot bed. e blooming train is 
a set of three-high 30-in. rolls with feeding 





tables an the Fritz-Holley plan, and the middle 
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for these engines, for the hammer, saw engine, 
pumps, &c., is supplied by seven flue boilers using 
the waste heat from the furnaces, and four tubular 
boilers fired in the usual way. 

On their arrival from the steel works the ingots 
are charged at once into the blooming mill furnaces, 
which are five in number, and large enough for 
eight ingots each. These furnaces are with 
coal (there are no gas furnaces in the works) and four 
of them use blast under the grates, and their waste 
heat is used to raise steam, The prevalent opinion as 
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to the inefficiency of boiler surface in connexion with 
steel-heating furnaces would appear to need modi- 
fication when the furnaces are worked as rapidly 
and the heat is as high as in this case, The ingots re- 
ceive a very high heatand arereduced in the blooming 
mill from 12} in. square to 63 in. by 7 in. in 17 passes ; 
the bloom is taken to the hammer, em if neces- 
sary, cut into two pieces (three for rails under 52 Ib. 
per yard) and the pieces are charged immediately in 
the rail mill furnaces. The operation of blooming 
takes about two minutes, and the regular turn’s 


— is 456 rail blooms, or about 130 tons, in ten 
ours. 
There are three-rail mill furnaces, each holding 
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twelve blooms, and these being brought to the fur- 
naces at a high red heat very fast work can be done. 
The regular product of these three furnaces is 
432 rails for a turn’s work of ten hours, the rolling 
being done at the rate of 1 minute 10 seconds 
rail in a three-high, 2] in, train, in eight roughing 
and five finishing The rail is drawn to the 
saws, sawed, and pulled up the hot bed, by power. 
On the hot bed the rail is stamped with the number 
of the charge in the Bessemer works to which it 
prs 2 a it is noes 4 .oe 
to the straightening, slotting, an ing 
machines in order. : 
The plan of using hot ingots and hot, blgoms has 
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aren increased the product of the mill and 
med the consumption of fuel. The coal used 
ton of rails rolled by the mill is 800 lb., dis- 
Fributed as follows : 
ve ad ae nL 180 
“For steam ww se o =»: 835 
800 


In the year 1876 this single train of rolls turned 
out 48,8414949 tons of steel rails (of which 1.9 per 
cent. were second quality) in 484 working turns, or 
parts of turns, being at the rate of 101 tons per 
turn worked. 

From 1200 to 1500 men are employed by the 
company, and the capacity of the works in finished 
product is per week, 750 tons of iron, and 1250 tons 
of steel . This company did not exhibit at the 
Centennial Exposition, the fact that their product 
is wholly in the form of rails (a branch of steel 
a sufficiently represented) and their distance 
from Philadelphia rendering such a course inadvis- 
able, but we may remark that the quality of their 
product, as attested by numerous specimens and 
the physical tests which are constantly made, leaves 
nothing to be desired. 





THE PENNSYLVANIA RAILROAD. 
No. LVIII.—MaIntenance oF War. 

THE cost of maintenance of way during the year 
under consideration amounted to nearly 950,000/. 
over the four portions of the —the Penn- 
sylvania Division, the United roads of New 

ersey, the year oe and Erie, and the Belvidere 
Division. In the following detailed analysis of this 
expenditure we may omit the last-named line, with 
the remark that the expenditure upon it under this 
head amounted to nearly 40,000/., or about 26 per 
cent, of the total expenses. Taking first the Penn- 
sylvania Division and its branches the cost of main- 
tenance of way was 520,605/. This outlay was 
divided over the following mileage of single track : 

miles. 


Main line, including sidings oF 998.2 
Branches owned, including sidings _... 108.8 
» leased ps oo .. an 
Private sidings ... as a tee 76.6 
Total 1591.2 


Table LV. shows the amount of new lines laid 








during the year : 












100 


ENGINEERING. 


(Fes. 8, 1878. 





TABLE No. LV.—New TRACK LAID ON THE PENNSYLVANIA DIVISION IN 1875. 






























































——— Miles. Feet. Miles. Feet. 
Third and fourth tracks, eee hia Division 3 1610 
¥ our . Middl P 7 2 4539 
h ” 
” ” Pittsburg - ane 
Sidings, Teepighe Division 10 2439 
» Middl ” 2 2110 
” Pittsburg h ~ os 2 2271 
90 — Penney vania Division eco pe = 
99 'yrone Division eve ‘ * - an 
Extension of main track South-West Pennsylvania Railroad 4 1900 
, os a = as - Clearfield 
Railway eee 9 -— 
34 877 
Sidings, Pittsburgh Division 2648 
Less track removed { n Lewistown “ 418 ’ 
3066 
33 3091 
Private sidi ose oils 3 1361 
*y ” - removed “ 569 3 792 
Total additional length of track, including private sidings 36 3883 
TABLE No. LVI.—MATERIALS USED FOR RENEWALS ON THE PENNSYLVANIA DIVISION. 
LocaTron. Stecl | Jron | Spikes. | Sleepers. |Fishplates. 
rent tons. tons. Ib. pairs. 
Philadelphia to Harrisburg 2787 pen 188,798 154,004 30,954 
Harrisburg to Altoona .. | 1878 261,078 145,835 18,331 
Altoona to Pittsburgh Bed | 1589 22 347,048 194,723 22,140 
Delaware Extension ‘ a -_ 121 ve 5,707 2,825 702 
East Brandywine and Waynesburg Railroad ; coal on 150 3,325 67 585 
York Branch ~ a =i ina 150 2,273 1,607 892 
Pennsylvania and Delaware Railroad . 7 8,275 1,197 
Mifflin and Centre County Railroad ee 14 2,036 - 1,633 47 
Bedford and Bridgeport a = 9 1,406 1,331 39 
Tyrone Branch .. ‘ >. 114 3,950 ine 147 
Tyrone and Clearfield Railroad... ‘ 520 412 31,800 27,664 8,304 
Bald Eagle Valley Railroad eee az 21 10,455 12,161 1,747 
Hollidaysbargh feeb ; ‘ 49 18,489 7,376 209 
Newry Branc ops . - se 1,229 1,122 
Ebensburg and Cresson Railroad a 4,586 3,200 
West Pennsylvania Railroad ... 240 6,177 203 484 
Indiana Branch .. 184 14,526 13,648 685 
West Pennsylvania ‘Railroad 1764 ’ 229 5,785 
Totals | 6895 | 3596 | 982,513 | 597,825 | 86,051 














In this new construction the following material 
was used : 

















on rails - , A tons 
ron ,, és eis - 
Fishplates ahi... .. .¢ ~ 4766 pairs 
Spikes... mee oss ae 1 
Sleepers Se - ; 
The materialagh c edi in renewals over this part 
of Ain are in Table LVI. 
le No gives in detail the various 
items of expen }under the head of mainte- 
nD of way. with the three divisions 
of ‘the system, eee oxpeere is compared 
for yeach division.wnder five heads. The first 
cola contains the percentage of each item to 
the cost of mee for enger traflic, 
and the te a ntage of each item to the 
total, pupendituaae a two following columns con- 
shtages for the freight traffic, 
i e@ percen of each item 


“Weight traffic combined, to the 
, ' The remaining columns are 
\ for the other two divisions. 

’ ed from this Table that the five 
eege items of expenditure under this head for 
the Pennsylvania. oad Divisidn are for labour 
in track re , which amounted to 102,125/.; 
forsleepers, 76,549/.; for steel and iron rails, 75,000/. 
and | 45,915¢. respectively ; ; and ballast, 47,1324. 
The repairs of bridges amounted to 24, '460/., but 
this included he reconstruction’ of the Juniata 
bridge, at Lewistown, swept away by a flood, and 
the rebuilding of three other bridges on the Tyrone 
Division, At the close of the yea: r the Market-street 
Bridge, Philadelphia, was Matroyel by fire, and 
a temporary interruption was caused to the freight 
traffic between the railway terminus and the freight 
depét in the city. A’ contract was made for its 

re-erection between the City of Philadelphia and 
the Pennsylvania Railroad; the work was com- 
menced on the 3rd of December, 1875, and was 
finished in a more substantial manner than before, 
with increased width of roadway, by December 24th, 
in 23 days. Mr, J. M. Wilson was the engineer of 
the new bridge, and has the credit of effecting pro- 
bably the most rapid example of permanent bridge 
construction on record, 

The following particulars concerning the wear of 
steel and iron rails on the Pennsylvania Railroad are 
of interest. Table LVIII. shows the number of 
rails, and their average age of worn-out rails taken 
up during 1875. 


TABLE No. LVII.—PERCENTAGE OF COST OF MAINTENANCE OF WAY. PASSENGER AND FREIGHT SERVICE. 











MAINTENANCE OF Way. 








Ballast J 

Bridges, repairs of .. 

Cars, repairsof ... 
hairs... S: 

Clerks... 

Cross ties 

ee on 


COs omer a Number. 


10 Ie cfhesiats i 
11 /Oil, tallow, waste, &e. 
12 Rails, iron ... 


14 |Road bed, repairs of eve 
15 |Snow and i ice, removing of 
16 |Spikes . fis 
17 Stationery and printing 

18 |Superintendents... ast 
19 |Switches sad ove 
20 |Taxes on real estate — 

21 |Telegraph, repairs of - 

22 |Tools and repairs... 

23 | Track, labour eqeteng 

24 | Watchmen ° ... 





Foreman, —— repairs of tools, &o. 





















































PENNSYLVANIA RAILROAD Division. UniTED nayeeucer New JERSEY | PHILADELPHIA AND ERgiE Division. 
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8.73 4277 | 9.12 | 1. 2.0779 1.16 -1206 1.16 1194 | .2400 1.35 -0877 1.36 .3536 4413 
5.85 .2866 4.31 7814 | 1.0680 9.83 1.0223 9.23 9506 | 1.9729 | 6.62 4303 6.62 | 1.7212 | 2.1515 
24 0117 27 0489 | .0606 17 0176 15 0154 | 0330 | .20 .0130 -20 -0520 .0650 
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12.% 6281 14.89 | 2.4053 3.0334 22.00 | 2.2880 22.53 | 2.3206 | 4.6086 27.39 | 1.7745 27.39 | 7.1214 | 8.8959 
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ENGINEERING. 








TABLE No. LVIII.—Numsers or Rarzs, Tons, Mines, AND AVERAGE AGE OF WORN-OUT RAILS TAKEN UP ON 























: EACH DIVISION DURING 1875. 
Iron Rails. Steel Rails. 
Name OF DIvIsIoN. l : - 
No. of Rails.| Tons. Miles. Years. |No. of Rails.) Tons, Miles. Years. 
| 
ivision ose ee ba 12,047 2912.32 28,71 9.04 1200 802.63 3.13 6.79 
raaale | oy ‘ ove eee eee wil 4,790 1207.34 11.56 6.79 1285 318.07 3.26 5.89 
Pittsburgh Division ... ose eee o<g 3,879 956.17 9.69 6.21 3899 1044.14 9.86 5.10 
Tyrone Division tee ine pm m. 3,117 749.28 8,91 3.19 24 7.18 .06 68 
Lewistown Division... eee ao oes 43 8.92 10 3.54 3. 
West Pennsylvania Division... oe ose 7,142 1748,23 19.71 6.27 1 80 oe / 
Bedford Division Si 3 22 | 4.86 .06 3.00 
Totals ... eee ose ooo eos $1,040 | 7587.12 78.74 7.09 6409 1672,32 16.31 5.56 




















TABLE No. LIX.—Branps or STEEL Raris, Amount, AVERAGE T1ME OF SERVICE, AND CHARACTER OF WEAR 
OF RaILs TAKEN UP DURING 1875. 


























te ee — 
s fala la tales le l= le lg] 
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5m 2 | 5s BE EE BBs | FAS 34 oH | e443] 8 
“ws | 1773 | 475.12| 37,815 | .0128 
Pennsylvania Steel Company .. S bay HW S / 2 os reas jz eas ‘nso 
4 4 : 688 1536 . ‘ 
com Sj a) ag | me] ee |e | ng) me 
: a Ccuapant” 87 te | 77 ’ 38 ss | sas | aas| 5 oes | ores 
©, Cammell snd Company s | Getmlinclm@r. te 103 12135 ie oat? 
My gi t : 670 | 162. F 
John Brown and Company S = ao ai = aan - . ‘336 an? ‘ne 
: ee 182 : : 4 
— pf arty 380 ~ “ bx 5 124) 116] .0107 
| meng 67 4,156 | 6.98 i iés | 167 | 41.47| 2391 | ‘0173 
— 56 393 | 6.82 12 4 a “a 16 8.33) 929 008 
Bolton P 67 2,330 | 7.92 1 7 a 86 94 23.33 an 9 | cess 
Ebbw Vale ... 67 1277 | 5.98 2 49 51 12.7 36 | 0291 
Unknown |... 67 816 | 6.00 1 32 bit 33 8.13 
Totals and averages sal eco 168,533 5.56 273 3303 ll 2822 6409 | 1672.82) 87,272 
































TABLE No. LXI.—Branps oF Inon Rartts, AMOUNT 


AND Trims oF SERVICE, AND CHARACTER OF WEAR, 


WHICH WERE TAKEN UP DURING THE YEAR 1875. 
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Table LIX. gives the names of the various 
makers of steel rails furnished to the company, the 
total tonnage and the character of wear on rails 
taken up during the year. 

From this Table it will be seen that American 
makers have supplied nearly the whole of the steel 
rails in use, the total quantity furnished from 
Europe being only about 11,500 tons. The Penn- 
sylvania Steel Company and the Cambria Works 
divide the remainder between them, the former com- 
pany taking the precedence. A larger percentage of 
the rails furnished by English makers was removed 
owing to their longer period of service. This is 
especially noticeable with the Cammell rails, of which 
1743 were taken up out of 5152 tons, while 1773 
rails from the Pennsylvania Steel Company out of 
47,315 tons. 

_ Table LX. gives the numberof rails broken dur- 
ing the year, and of the causes of breakage apart 
from those unknown, a defective road bed was 








most fertile of accident, 138 arising from this. 
Twenty-one rails, all of them of steel, were broken 
by flat wheels. : 
The iculars concerning iron rails are given 
in Table LXI. ; 
A note here as to the prices at which steel rails 
are at the present time being furnished by American 
makers may not be out of place, On the 12th 
of January 22,500 tons were purchased by the 
Erie Railroad Company, the amount being divided 
amongst the following makers : 
Albany and Rennselaer Iron and Steel tons. 
Company, Troy, New York ee ad 
Bethlehem Iron Company, Bethlehem, 


, 


Pennsylvania se renee cet «» 7,500 

Pennsylvania Steel Company, Harrisburg, 
Pennsylvania rs som ose «+ 10,000 
Total... oa iaip eee 22,500 


These rails are to be delivered during the present 
year, at the company’s depéts, at a unjform price 


re 




















101 
Taste No. LX—Causes of Breakage of Rails. 
Cause. Maker, i Z 
z |e 
Freight wrecks ...  ... |Oambria .. .. : 1 
Worn out... {| Scemme = “| ght 8 
Ava panes at TDs eos uu 
Fist wheels 1 John Brown and Go. || 1(| 22 
Cammell ...... 6 
Cambria se 5) 
Cammell ... ae ek 
Broken wheel ,,, ...4| Pennsylvania Steel Oo, ...| 1 | 13 
ne aS ee 20 
Pennsylvania Steel Co, °| 155 
Cambria... 82 
John Brown and Co. ll 
“ Cammell and Co. .., ¢ 
f road be: ooo} | BARTOW = ace ste 
neice Freedom <. 2 {| 
Unknown .., 1 
es ae 8 
el eco be 6 
John Brown and Co, 1 
Cambria Bea eee "| 
Defective track ,,, po English a bine» ; 33 
ning a y) 
F in of track ose pee 3 
” r| Pennsylvania Steel Oo 17) 
Cambria... 6 
Freedom .., 206 1 
John Brown and Co. 1 | 
Defective rails .,, ... 4 | Lochiel ae sab 2}) 82 
Cammell .,., 1 
bia ... 2 
Ebbw Vale ... Mt at 
|| Unknown ... pen a De 
r| Pennsylvania Steel Co, | 32 
Cammell ,,, co ee 
John Bro andGo, =" ui 
rown an | 18 
Unknown ,,, Barrow es ra Be } |144 
Unknown ,,, pee ot. & 
Ne a a cd Ce 
on on gate SR ae a 
| | Bolton a ee 
Total “ab oe pee 388 














of 41.75 dols. per ton, or about 7/. 10s. per ton, in- 
cluding the freight from the different works 
averaging about 1.50 dols. per ton. The Cambria 
Iron Company, and the Edgar Thomson Steel Com. 
pany were invited to tender, but were too full of 
work todoso, The Pennsylvania Railroad Company 
have just |r mgeecang: + 50,000 tons of steel rails for 
delivery this year at various points along the line, 
the price being 42 dols, per ton delivered in Pitts- 
burgh. The New York Central, the Lake Shore, 
and the Michigan Southern Railroads, have collec- 
tively purchased 35,000 tons, at equally favourable. 

rices, These and a large number of smaller orders 

ave filled the principal American works for many 
months to come, and at prices, which though ap- 
proaching so closely to European prices, are never- 
theless profitable, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES, 
MIDDLEsBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
fair average attendance on ’Change at Middlesbrough, but 
in the amount of business transacted was small. 
ers are firm, and will not sell iron at a lower figure 
than 41s. per ton No. 3, and other qualities at proportionate 
oh Miadicshyough te fasbings dies teioes ont tee sedition 
at Mi ug) 1 and the position 
of the trade. re ae 
The Cleveland Ironmasters’ Association Returns.— 
These monthly returns, which show more accurately than 
any other information on the subject made — the real 


condition of the iron trade of: this district, have been much 
improved in form. 
_ The Finished Iron Trade.—In this department there is 


little new. Plate makers are fortunately fairly well occupied, 
but the rail mills are mostly silent. Certain! . 
trade is good, but it will be some time before number 
of steel rails reaches the output of iron rails three or four 
years ago. Chair founders are pretty well engaged. 

Engineering and Shipbuwilding.—These two branches 
of industry are very active, but beyond the construction 
of a steel ship or two, which we have already mentioned, 
there is nothing calling for special notice. 

The Coal and Coke Trades.—Dulness characterises the 
fuel trade. It is to be regretted that in Northumberland 
the unfortunate difference between masters and men still 
remains unsettled. 





Tae American PosTat SzRvice.—N tions with 
the New York Central and Hudson River Compan; 
have resulted in its placing at the disposal of the Uni 
States Post Office Department for the American postal car 
service, four trains out of New York daily, and three trains 
inwards. Cars are to be run through to and from Chi- 
cago. 
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THE PARIS EXHIBITION: SHAFTING IN MACHINERY HALL. 
(For Description, see Page 109.) 
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Vacuum Braxkrs.—In the course of some experiments 
recently conducted on the Midland Railway with a train 
of twelve carri , to ascertain the time uired for 
putting the Smith vacuum brake in operation, the follow- 
ing results were obtained : With ee capable of pro- 
ducing a vacuum of 25 in., a delay of 4} seconds occurred 
in o| a@ vacuum of 10in. on the seventh vehicle, 
64 seconds for 15 in., and 9 seconds for 20 in., at which 
time the brake would be probably full on. As these 

come more quickly into action at the front end of 
the train, and more slowly at the rear, the labove figures 
would represent fairly the average dela involved in the 
application of the brakes. The ilway Company 


have also fitted two trains with the Sanders vacuum 
brake, one of which has been running between Bradford 
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ENGINEER STUDENTS.—Revised instructions respecting 
of i students and dockyard a 
Ecol, Accnding to the previous instructions 
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Midland Railway Com 
the Westinghouse automatic, which has been 
admirable results in its daily working 

i with most of the continuous 


‘orward—Clarke’s, Barker’s, Smith’s, Sanders’, 





appren 
sent for study at the Royal Naval College, Greenwich. 








104 


ENGINEERING. 


(Fes. 8, 1878. 





CLARK AND WEBB'S BRAKE. 

In our number of the 18th ult. we gave 4 two-page 
engraving showing the application of the Clark and Webb 
brake to a pom van on the London and North- 
Western Railway, while with our present number we 
give another two-page engraving show the brake 
gear as applied to one of the new six-wheeled carriages 
on the same line. The Clark chain brake has already 
been fully dealt with in our pages, and we do not pro- 
pose here to discuss either its merits or demerits, but 
simply to describe it as improved in its details by Mr. 
Webb, and as adopted by the London and North-Western 
Railway Company, that company having at the end of 
the past year upwards of 2500 vehicles which had either 
been fitted with the brake, or with chains for the trans- 
mission of the brake power. Our engravings, we may 
add, show not only the brake gear, but also the under- 
frames of the very fine new passenger stock which the 
London and North-Western Railway Company have of 
late been putting upon their line. 

Referring first tojthe two-page engraving which we 
published on the 18th ult., it will be seen that the van 
has six wheels, but that four wheels only are fitted with 
brake blocks, while it will also be noticed that these 
blocks are not applied by the Clark and Webb arrange- 
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ment, but by hand only. The guard’s van has, in fact, 
an ordinary hand-screw brake, the chain gear which it 
carries applying the brake blocks on other carriages 
only. The brake blocks of the van, however, are hung 
on Mr. Webb’s plan, and as will be seen the arrangement 
is a very effective and simple one. 

The Olark and Webb brake is actuated by the middle 
axle of the van, that axle having a cast-iron drum fixed 
on it as shown in Figs. 1 and 2 of our engraving of the 
18th ult. Supported by hangers from the frame (see 
Figs. 1, 2, and 6) is a short shaft carrying a drum which 
is in a line with that on the middle axle, and also a barrel 
on which the chain is wound. The hanger, which sup- 
ports one end of this short shaft, is stiffened by a diagonal 
stay, as shown in Fig. 1, but the hanger carrying the 
other end swings on a fulcrum fixed to the frame, as 
shown in Fig. 6, and it thus allows the drum on the short 
shaft to be brought into contact with or removed from 
the drum fixed on the centre axle. As shown also in 
Figs. 1, 2, and 6, this swinging hanger is counected by a 
link with the short arm of a bell-crank lever having its 
fulcrum on the frame, and the longer horizontal arm of 
which carries a heavy weight, this weight being connected 
by a chain, as shown in Figs. 1 and 7, with a hand lever 
on the guard’s van. At the handle end of this last- 
mentioned lever is a detent or trip lever, as shown in 
Fig. 8, this trip lever serving to keep the weight on the 
bell-crank lever raised and the friction drums thus out of 
contact with each other. If, however, this trip lever is 
pulled out of the way either by the zuard in the van or 
by a communication cord which runs through the train, 
the hand lever is released, the weight arm of the bell- 
crank lever falls, and the friction drum on the chain 
barrel shaft is brought into contact with that fixed on the 
middle axle, the result being that the chains are wound 
up on the barrel, and the brakes of the adjacent carriages 
applied in the way we shall explain presently. By raising 
the weighted arm of the bell-crank lever the brake is, of 
course, released. The chain barrel, it will be noticed, 
receives two chains, which are led off over, the guide 
row shown, to es opposite ends of the -ehicle. 

urning now to the two- e Vv which we 
publish this week, it will be om Fm soniye 3 carriages 
the brake is applied to four wheels only. The brake 
blocks, which are applied to both sides of the wheels, are 
of cast iron and are slung from the frames by links as 
shown in Figs. 1 and 5, the mode of suspension being 
such that the blocks can not only approach or recede from 
the wheels, but can also swivel on a vertical axis and thus 
adapt themselves to the tyres. Each block forms a 
fulcram for an inclined brake lever, the lower ends of 
the lever for each of blocks being connected outside 
the aie bs as shown in the view, Fig. 8, which 
we give on present This link, it will be noticed, 
passes through a lag on the hornplate stay, and is pro- 





vided with a ferrule bearing against one side of this 
lug, and a helical spring bearing against the other, the 
effect of this t being to carry the blocks clear 
of the wheels when the brake is released, and at the 
same time to allow of a mutual adjustment of the blocks 
when the pressure is applied. 

The inner ends of one inclined lever for each wheel is 
an to the frame, while the inner ends of the other 
ever is in the case of one pair of wheels (that on the 
right-hand side of our two-page engraving) coupled by 
links to the axis of a chain pulley mounted between 
the lower ends of a pair of weighted links, as shown in 
Figs. 1 and 7, the upper end of these links being jointed 
to hangers between which another chain pulley works. 
These hangers are in their turn jointed to the frame and 
are pressed in one direction by a helical spring as repre- 
sented in Fig. 1, while the pin forming the axis of the 
chain-pulley between them is connected by links with 
the brake levers of the other pair of wheels. 

The path of the chain is shown by a strong dotted line 
in Fig. 1, and can be readily traced. The resultof a 
strain upon the chain is, as will be seen, to raise the 
weighted pulley and bring all the brake blocks into 
contact with the wheels. The arrangement of the brake 
rigging we have described has been designed by Mr. 
Webb, and it is one which answers its purpose ad- 
mirably, giving a good distribution of the strain upon the 
blocks, while its details have been exceedingly well 
worked out. 








THE INSTITUTION OF CIVIL ENGINEERS. 


To THe EpiTor oF ENGINEERING. 

Srr,—As the progress of the Institution of Civil En- 
gineers has hitherto been so remarkably satisfactory, it 
would be well for members who think they have a grievance 
to —— before insisting upon material c " 

t appears to me that three slight alterations would go 
far to remove all grounds of complaint. 

1. The Council ‘‘ house list’’ to be printed, as now, in 

phabetical order, and alternately in that order inverted. 

2. In the Council the ber of bers and the b 
of associates to be augmented somewhat in the proportions 
in which the numbers of those two classes have increased. 

8. The President to hold office for one year wo hey = 
when there shall be very special reasons for extending the 


term. 
ha aged the — ou be they ge My 
promptly, as prolong itation cannot fai pre- 
judicial to the Titavents of the Institution. 
Your obedient servant, 
CHARLES FREWER. 
34, Nicholas-lane, Lombard-street, London, Feb. 7, 1878. 








THE TRANSMISSION OF SOUND. 
To THe EpiTror oF ENGINEERING. 

S1n,—Referring to the letter from Mr. Millar which a 

in your issue of the week before last, allow me 
w attention to the early experiments of the late Sir 
Charles Wheatstone, which seem to have been forgotten, 
although they ee to me to have been the germ of the 

present method gw sounds by electrical agency. 
In 1856, Professor eatstone introduced his ‘‘ Tele- 
honic Concert”’ at the Polytechnic, in Regent-street. In 
he basement of the building musical instruments were 
laced, and from each of these deal rods passed, and con- 
inued through the entrance hall till they arrived at the 
lecture room, a height of about 40 ft. In this room, on 
the upper end of the , four are p in close 
contact with the rods, but violins or even an empty band- 

box answered as well for the diffusion of the sound. 

As the ~~ ed in the basement, the sound was 
by the the harps, &c., and thus every 
note was perfectly transmitted, whether of the piano or other 
instrument beneath, to the audience. Immediately on 
the harp or the band-box being removed from contact with 
the rods, the sound ceased. It was, in fact, simply a trans- 
—— eth. hd 
soun ing ws y percussion, or mi ly, in 
peee the actelently produced vibrations of the present 
lephone. 


It occurred to Mr. Pepper and m (we were then 
associated at the Polytechnic) to try the conduction of the 
human voice. many useless trials, I found that if 
the mouth of the singer were placed over that portion of a 

iano the vibrations of the strings of which corresponded 
the vibrations of the vocal ligaments, the sound was 
perfectly transmitted. At last we succeeded in producing 
a quartette. Four persons respectively placed with their 
mouths ah pp he the = of a piano, had their 
voices con x e evening an amusing 
incident occurred; the {performers, watching each other 
with open mouths, burst into roars of laughter. This was 
instantly conveyed to the lecture room, and produced not 
only a proof of the scientific character of the invention, 
but excited the heartiest merriment. Her a. & late 
Prince Consort, and H.R.H. the Prince of visited 
the Polytechnic to hear this concert in May, 1856. 

I think that these early experiments of Wheatstone 
of inventing’ the velephone.” Philoes ally lly’ speaking the 

inven e one. 8 
only difference consists in the ota of enkatve 
force—electrical instead of purely mechanical ; and also, 
and consequently, in the conduction of that force by metals 
instead of wood, necessitated by the specially different at- 
tributes of the two forces. 

Tam, >>. 


AMES WYLDE. 





COLLMANN’S VALVE GEAR. 
To THE EpiTrorR oF ENGINEERING. 

Srr,—In answer to Mr. Inglis’s letter in ENGINEERING 
of the 25th inst., I should thank you to give space for the 
following statements : . 

1. I never doubted the possibility of a Corliss or a Sulzer 
engine closing the valve with greater rapidity than by my 
gear, but on account of the variable friction, chiefly in the 
stuffing-box of the valve rods and the difficult and constan 
necessary attendance of the air moa F hoes gan 
found that by these engines under ordinary circumstances 
and ordinary attendance—the only case which must be taken 
into consideration by practical engineers—the buffers are 
so set, that the valves are made to close considerably slower 
than with my gear, where the closing action is beyond the 
control of the —, and the por Fn the engi . 
—contrary to above-named gears—is fectly indepen 

of his men as regards the economical action of his engine. 

2. When talking of buffers and springs, Inaturally do not 
say that I never stop the motion of the valve, but I thought 
my statement clear enough for engineers to understand 
that I meant spri can be avoided, and that I have no 
springs or air buffers and the like insecure contrivances 
which in any way determine or influence the superiority of 
action of my . One might just as well the crank- 
pin a buffer, Gesnse it takes up the pressure of the moving 
weights of the piston, &c., at the end of each stroke. 

8. As to the speed of closing my valve, I am happy to 
state that the designing engineer can easily determine its 
unchangeable size in such a way giving the valves a closing 
speed, that the -~ — shows a cut-off — to any one 
I have ever taken from any Sulzer or Corliss engine when 
under ordinary circumstances. As is now proved with 
several Collmann engines in use in Germany,my valves have 
closed above 10,000,000 times each without any repair what- 
ever, and have not shown the slightest wear and tear, the 
reason thereof being that the lift of a double-beat valve 
need only be ex gly small to give a large area of steam 


I am therefore sorry that the remark on this matter in 
my last letter in ENGINEERING, which was taken up so 
nicely by Mr. Inglis, and from which that gentleman con- 
cludes that my valves hammer themselves to pieces, was a 
rash conclusion without the slightest foundation whatever, 
asthe valve which has so satisfactorily stood 10,000,000, 
say ten millions, of such hammerings, was made of 
ordi cast iron, and has every chance of continuing to 
act in the same superior way. 

That the closing shock of the Corliss valve is not taken 
up by the valve seat would certainly seem an advantage, 
had it not become an undeniable fact with possessors of 
Corliss engines that the valves do not keep steam-tight 
sufficiently long; this fact owing partially to the closing 
shocks transmitted through the usually somewhat worn-out 
stuffing-box to the long and narrow slide valve, these 
shocks, although not taken up by the valve seat, do not 
improve the latter. ? 

n the Corliss engine the valve cannot easily be renewed 
like a double-beat valve, which easily can be replaced in a 
few minutes and the old valve repai in a similar space 
oftime. I therefore only at present fear the competition 
of the Sulzer engine, all the more as the largest Corliss 
engine builders in Austria are pretty well on my side of the 
question. 

4. Regarding the speed of my engine, only practical 
results can form a proof ; I therefore refer Mr. Inglis to the 
Collmann engine in the Austrian Department of the Paris 
Exhibition, 1878, where I will be proud to enable him to go 
through any desirable experiment and give me a chance of 
continuing this highly-interesting argument in a more con- 
venient and just way than can be attained by the present 
complicated and limited way of communication. 

Not wishing to make use of words like ‘‘ nonsense’ in an 
argument, and keeping practical results in mind, I leave it 
to the reader of the present lines to decide between a cam 
motion, where the working surfaces are one mathematical 
line, or even by the more superior cams, one mathematical 
point and a mechanisia with large surfaces for taking up 
the wear and tear, not even ing the difference in the 
action of the governor, nor the superiority of results in the 
economy and durability of the action. 

Stating that springs are only used by some of the firms 
executing my gear, and that generally weights are used, 
and that I havedone away with the cam motion for the 
exhaust valve gearing, I hope to continue and finish this 

ent with Mr. Inglis at the Paris Exhibition, where 
a fair trial and proof can be given; but I must decline to 
answer any er wnproved accusations from ies that 
have never seen nor can have thoroughly studied the action 
of my gear. 
Yours very truly, 

‘ ALFRED COLLMANN. 

Vienna, January 31, 1878. 





Tue GERMAN [non TRADE.—The iron works in the Dort- 
mund district are stated to have received some rather con- 
siderable orders. It is added at the same time that these 
orders have been taken at comparatively unremunerative 
prices. 


Tue Lonpon AssocriaTION OF FoREMEN ENGINEERS 
AND DRAUGHTSMEN.—At the monthly meeting on Satur- 
day last, Mr. Robert Lowe in the chair, Mr. Mack was 
elected i ber. Afterwards 





per Y 
i ion. Subsequently Mr. Newton an- 
nounced his receipt that day of a letter from Earl Gran- 
ville, accepting the office of chairman at the twenty-fifth 
anniversary festival of the Association, to be held at the 
Cannon-street Hotel, on Saturday the 16th of March. The 
eaheenepeeet: eye Seeaiyed We strong demonstrations of 
approval. 
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CLARK AND WEBB’S CHAIN BRAKE: Loy 
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LONDON AND NORTH-WESTERN RAILWAY. 
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NOTICE TO AMERICAN SUBSCRIBERS, 

We beg to announce that we have appointed Mr, Lenox 
Smith, 56, Broadway, New York, the sole agent for ENGI- 
NEERING in the United States, and all subscriptions for the 
United States will in future be payable to him. Mr. Lenox 
Smith is also prepared to receive advertisements for ENcI- 
NSER(NG, and will afford full information as to terms, &c., on 
application. The annual subscription for ENGINEERING de- 
livered post free in the United States is 10.50 dols. U.S. currency, 
payablein advance. 








NOTICES OF MEETINGS. 

THE INSTITUTION oF CIVIL ENGINEERS.—Tuesday, February 12, 
at 8 | eg On “ The 4 4-e Power of Locomotive Boilers,” 
by Mr. J. A, Longridge, M. Inst. C.E. 

THE PHYSICAL SOCIETY. — Saturday, February 16, at 3 p.m., 
On “Grove’s Gas Battery,” by H.F. Morley. On * The Drawing 
of Lissajon’s Figures for the Stereoscope by his Pendulum Appa- 
ratus,” by S,O. Tisley. On the same, by Mr. Stroh. 

Society OF TELEGRAPH ENGINEERS.— Wednesday, February 13, 
at 25, Great Soe Westmmater, at 8 p.m., “ American 
Telegraphy,” by W. H. Preece, M.1.0.E. 

INSTITUTION OF SURVEYORS.—Monday evening, February 11th, 
at 12, Great George-street, Westminster, when a discussion will 
take place upon the paper read at the last meeting by Mr. J. 
Smalman Smith, entitled “The Law of Support in its Relation to 
Land, Mines, and Buildings.” The chair to be taken at 8 o'clock. 
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RAILWAYS AND THE BOARD OF 
TRADE. 

Tue earnest and prolonged efforts of the Board 
of Trade in assisting the various railway companies to 
arrive at some conclusion on the matter of con- 
tinuous brakes has not hitherto been attended with 
the results that might be desired. The only harmony 
and unity of action that appears to animate the 
railway boards would appear to take the form of a 
common cause against the Board of Trade, instead 
of common action between themselves with a view 
to coming to some understanding as to the adoption 
of a uniform means of providing for the public 
safety. 

The recent correspondence between the Board of 
Trade and the different companies, illustrates only 
too clearly the wide divergence of opinion existing 
on the subject, and the difficulties with which the 
Board of e has to contend. On the 30th of 
August last, an official circular was issued, calling 
the attention of the railway companies to the 
General Report on Railway Accidents for1876,'andto 
the conclusion that three-fourths of those accidents 
might have been either avoided or mitigated if the 
trains concerned had been fitted with continuous 
brakes. The circular points out, in reference to 
an opinion previously expressed by one of the rail- 
way representatives, ‘‘ that it is not essential that 





one form of brake should be invariably adopted,” 
that considering the almost universal interchange of 
stock between different railways, itis almost im- 
ible to obtain the advantages due to continuous 
rakes when three or four systems may be coupled 
up in the same train. In the same circular the 
Board of Trade points out the following conditions 
that should be fulfilled by a continuous brake : 

a. The brakes should be efficient in stopping 
trains, instantaneous in their action, 
capable of being applied without difficulty 
by engine-drivers or guards. 

4. In case of accident to be instantaneously self- 


acting. 

c. The brake to be put on and taken off (with 
facility) on the engine and every vehicle of 
the train. 

d. The brakes to be regularly used in daily work. 

e. The materials employed to be of a durable 
character, so as to be easily maintained and 
kept in order. 

It will noticed that these requirements are 

strictly in accordance with the recommendations of 
the Royal Commission, and they are so obviously 


dia | practical and necessary, that they are scarcely open 


to any discussion, 

Only a limited number of railway companies 
responded to this circular, and the nature of their 
replies fully confirms the statement of the want of 
uniformity of opinion existing. The Glasgow 
and South-Western Railway have fitted their 
through trains run in connexion with the Mid- 
land Railway with the Westinghouse automatic 
brake, and are at present experimenting to a 
limited extent with the Smith vacuum, The 
London, Brighton, and South Coast Railway have 
recently taken important action in the matter. The 
conducted careful and prolonged experiments with 
three classes of brakes—the Westinghouse, Burker’s, 
and Edwards’. Mr. J, P. Knight, the general manager, 
in his reply to the Board of Trade states that both 
he and Mr, Stroudley are of opinion that the West- 
inghouse is one. of the most efficient, if not the most 
efficient, of any of the brakes brought under their 
notice. Writing subsequently, Mr, Knight states 
that they had decided upon adopting the automatic 
on their railway, and that the directors are 
convinced that in doing so ..they have obtained 
for the railway ‘‘a brake which in ev 
respect contains the essential conditions set fo: 
in the circular of the Board of Trade.” The 
North-British Railway respond that they have 
adopted the Westinghouse automatic brake, thereby 
(speaking from experience and careful experiment) 
complying with all the conditions laid down by the 
Board of Trade. The South-Eastern Railway 
Company state that they are qecealy extending 
the use of the Smith vacuum. ‘They express, how- 
ever, their readiness, in the event of a better brake 
being invented, to adopt it. The Manchester, 
Sheffield, and Lincolnshire Railway Company com- 

lain of the stricture passed upon them in the 
oard of Trade circular that they ‘‘seem to think 
that new elements of danger are produced the 


| practical operation of continuous brakes,” ey 


complain that such a statement is unfair and unjust, 
that in fact they have adopted the Smith vacuum— 
not because it is capable of fulfilling the necessary 
conditions—but because it is in their opinion the 
least objectionable, In reply to this letter the 
Board of Trade wrote to the company congratu- 
lating them upon having changed their views as to 
the dangers of continuous brakes, The answer of 
the secretary of the company was as follows: “I 
have submitted to my directors your letter of the 
lst inst., and I am desired to say they are still of 
opinion that continuous brakes are and do constitute 
new sources of danger, and in illustration of this I 
may call your attention to an accident which 
happened on the 4th inst. on the Cheshire lines 
system, near Stockport. In this case the driver 
relied upon the power of his brake to bring his train 
to a stand, and did not discover it was defective 
until it was too late to pull the train up, although 
he immediately used every available appliance 
there was at his disposal. The brake acted all 
right at the previous stopping station, but when 
the apparatus was examined afterwards it was 
found that the valve in connexion with the 
steam cock on the boiler had stripped its thread 
and become disconnected, The result of this 
accident, proves that when the machinery of con- 
tinuous brakes becomes defective serious results 
may arise.” We have already commented on the 
accident which was due to the derangement. of the 


Smith vacuum, and need not therefore make further 
reference to it. Now although it appears somewhat 
illogical on the part of the Manchester, Sheffield, 
and Lincolnshire Railway Company ol gy 
against the statement of the Board of Trade that 
they consider continuous brakes are a new source of 
danger, to point out that they are adopting them, 
and finally to bring forward a striking illustration 
in support of the danger fa, Sie a to, there is 
much force and truth in this illustration. A con- 
tinuous brake which may work more or less well for 
a week, or a month, or a year, and then fail 
without giving any notice; a brake which may be 
in its normal condition at one station, and may be 
utterly inoperative at the next, is worse than useless. 
It isan active source of danger. Indeed, if the 
Board of Trade were to lay down conditions of 
what a brake should zo¢ do, as well as of what it 
should do, this liability to sudden failure without 
warning would probably head the list. What 
strikes one as strange on the part of. the railway 
company in question, is that they should have 
adopted the vacuum brake, not because they con- 
sidered it perfect, but if one may judge from their 
correspondence under notice, with a kind of pro- 
test for doing so. ‘They say, “In the adoption of 
the Smith’s vacuum brake by this company, the 
directors have been guided solely by the belief that 
it. possesses on the whole the balance of advan- 
tages as compared with its disadvantages, and until 
Parliament or the Board of Trade think it expedient 
to designate or require the universal adoption of a 
particular appliance, and take the responsibility 
thereof, the directors must, for their part, demur to 
the censure upon railways generally which would 
appear to pervade the Board of Trade circular.” 

ant of space prevents us to-day from referring 
at length to the very interesting correspondence 
between the Board and the London and North- 
Western Railway Company on the subject of several 
accidents which have recently occurred upon that 
line, and which in all cases, the Board of Trade main- 
tain, would have been prevented had the trains been 
fitted with continuous brakes instead of the ap- 
pliances now in use by the company. It is to be noted 
that the Board of Trade never loses an occasion to 
impress upon the railway companies the absolute 
necessity for the adoption of efficient continuous 
brakes, and to point out the numerous accidents that 
might be avoided by their use. Their Den agers | 
in this course has Aisady been attended with good 
results, but it is to be feared that many companies 
will still refrain from following their recommenda- 
tion until forced to do so either by the more 
energetic action of the Board, or by actual legis- 
lation. 


THE INSTITUTION OF MECHANICAL 
' ENGINEERS. 

Tue winter meeting of the Institution of Mecha- 
nical Engineers was held on the 3lst of January in 
the Hall of the Institution of Civil Engineers. 
There was a very considerable attendance of members 
and others, This being the anniversary meeting, a 
considerable ye of the time was taken up with 
the reading of the annual report of the Council and 
the discussion of matters relating to the constitution 
of the Institution. The report was carried with the 
exception of one p ph, which—on the motion 
of Mr. Paget—was referred back to the Council for 
re-consideration. ‘The names of the new officers 
were announced to be as follows: President, Mr. 
John Robinson ; Vice-Presidents, Messrs, I. L. Bell, 
C. Cochrane, E. A. Cowper, ©. Stewart, F. W. 
Webb and Westmacott ; Council, Messrs. D, Adam- 
son, J. Anderson, Bessemer, Chapman, E. Easton, 
D. Greig, Head, Hetherington, H. H. Laird, 
Menelaus, A. Paget, J. Penn, Jun., G. P. Rennie, 
W. Richardson, and J. P. Wilson; Secretary, Mr. 
Walter R. Browne, M.A. 

The new President, who was ver or - 
ceived, took the chair vacated by . Haw ey, 
and said a few words in acknowledgment of the 
honour done him in his election, Considerable dis- 
cussion arose on a resolution of Mr. Price Williams’ 
in which it was proposed to permit the voting of 
members by letter (in absentia) on constitutional 
matters under certain circumstances. Eventually 
both this motion and an amendment by Mr, Adamson, 
proposing instead of it the use of proxies, were nega- 
tived, ‘The President stated that the Council were 
ing arrangements for having the Institation 
incorporated as scon as possible under the Joint 
Stock Companies Act, the modern substitute in such 








cases for getting a charter, 
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There were only three papers down for reading at 
the meeting, one by Mr. ph H. Tweddell, on 
“The Application of Direct-Acting ‘ Pressure- 
Intensifying’ —— to Hydraulic Presses,” a 
second by Mr. R. 1). Sanders on “Continuous 
Brakes for Railway Trains,” and athird by Mr. L. 
Kortright on ‘‘ The Appliances and Operations for 
Raising the Wreck Edith at Holyhead.” The last 
paper, however, was postponed until the meeting 
in April, only the two former being read. We 
printed Mr. Tweddell’s paper last week,* and need 
only say here that it contained a detailed description 
of an American direct-acting steam pump of a type 
which the writer believed greatly preferable to the 
common quick-stroke pumps with valves. It is to 
be regretted that the discussion on this interesting 
per proved somewhat desultory, and had but little 
ae ard on the chief point to be discussed, the com- 
parative advantages, namely, of the type of pump 
described by the author, but strayed into questions 
concerning different kinds of presses, and the appli- 
cability of direct-acting pumps to presses having 
other purposes than the one illustrated in Mr. 
Tweddell’s diagram, 
Mr. Shield commenced the discussion by remark- 
ing that the press shown in the diagram was for re- 
ressing only, and not for pressing the loose cotton, 
ior which purpose a length of 13 ft. to 16 ft. would 
be required. It would not recommend itself to 
English notions, indeed it was rather of an exploded 
type. The average density of the American bales 
arriving here was 25 lb. per cubic foot (measured at 
Liverpool) while here we press up to 40 Ib. or 45 Ib. 
per cubic foot, The increased density requires very 
great increase of pressure—to double the density 
under certain circumstances, for instance, requires 
six times the pressure. As bales have only about 
two-thirds of the density out of the press which they 
have measured in it, the 46 lb. per cubic foot men- 
tioned by Mr. Tweddell would only be about 30 lb. 
out of the press. If the system described is to be 
compared with the English system we must be care- 
ful not to compare the number of bales worked in 
this press with the number worked in the same time 
from loose staple. In such a case the mere running 
up of the ram only takes about one-fourth or one- 
th of the whole time required. He himself would 
prefer for such a case one 20-in. cylinder and twenty 
3 in, pumps, these would throw ample water for 
working 75 bales an hour, He had roughly worked 
out sizes, and thought that for the type of press de- 
scribed, if working up from loose cotton, the cylinders 
would require to be 74 in. and 115 in. in diameter, 
which appeared out of the question. He did not 
think the beats referred to by Mr. Tweddell did so 
much harm as he supposed, the real cause of de- 
struction of the valves was honeycombing caused by 
the water, The costs of 3d, and 2d. mentioned by 
the author were, it should be remembered, for fuel 


only. 

Mr. Ellington spoke very highly of West’s press, 
which was now being used in India, It had a 
cylinder (ram) about 20 in. in diameter and 3 ft. 
stroke, connected with the press by a system of 
levers so proportioned that the pressure on the ram 
remained tolerably constant while the pressure in 
the press itself increased. He believed that a 
pressure of 1500 tons had been reached by this 
press. He described also another system in which 
two sets of pumps were used, one always pumping 
into an accumulator, the other automati taken 
off the accumulator when its pressure (700 ib.) was 
reached by that in the press, and connected only to 
the press direct for the higher pressures. He 
believed, however, that the absence of valves in the 
direct-acti 


ing systém was a most important improve- 
ment, 


Referring to some doubt which had been expressed 
as to excess of pressure in West's press the Presi- 
dent remarked that he believed no amount of pressure 
was too great, provided the staple were all packed 
one way. Cross packing, however, made a great 
pressure most injurious to the cottun, This view 


was quite corroborated by Mr. Cowper, who added | 8° 


that the five seconds mentioned in the paper would be 
far too short a time for a complete pressing of loose 
cotton—the cotton would be overheated, and perha 

discoloured oreven burnt, Thesteam cylinders should 
certainly be jacketted, considering that steam was left 
in one of them a considerable time. Mr. Hawksley, 
on the other hand, thought that there was consider- 





* We regret that by an oversight the in Mr. 
Tweddell’s paper were wrongly numbered. . 8 should 
i i should have been Fig. 2, and 


have bee: » J, . - 
Feit 


able danger of injuring the cotton by over-pressing. 
Small pieces which had been compacted together 
would be expanded laterally with all likelihood of 
breaking the fibre. Mr. Hetherington, again, did not 
think this of much moment. He had never heard 
complaint of the staple being injured by mere 
pressure. 

Mr. Carbutt mentioned that he had seen LL? ney 
very much like the one described used in Stafford- 
shire some ten years ago for punching gasometer 

lates. 

’ Mr. Tweddell replied very briefly, regretting that 
the discussion had turned chiefly upon presses rather 
than on pumps, He fully admitted the merits of the 
Watson press, which had already been brought 
before the Institution, but the economy of the best 
press would be increased by improving the pumps 
used with it. In reference to Mr. Shield’s remarks, 
he could not think his dimensions accurate, but in 
any case he certainly would prefer a couple of even 
very large cylinders to one small one with an 
immense number of pumps. Of course the number 
of cylinders in the type of pump he had described 
was not limited to two, if there were any reason for 
employing more. 

Mr, Sanders’ paper on ‘Continuous Brakes,” 
which we print elsewhere, was read in the afternoon. 
It is a brief and well-arranged description of the 

rincipal types of continuous brakes which are or 
~— been employed, and was illustrated by capital 
skeleton diagrams and a few details. At its close 
Mr. Sanders said that he regretted that he had been 
unable to give tables of the comparative perfor- 
mances of the different brakes, but the difficulty of 
obtaining results which could really be compared 
was so great that he had been unable to do so. He 
believed that the getting of sufficient power in a 
brake of any type as between vacuum and pressure 
was a mere matter of areas and capacities, and 
hoped that the discussion might rather turn upon 
the question of the use of water, compressed air, 
atmospheric pressure, &c., for their own sakes. The 
speakers who followed did not, however, share Mr, 
Sanders’ wish for the limitation of the discussion, 
which accordingly took a much wider range than 
that indicated by him. 

Mr. Olrick opened the discussion, He agreed 
with Mr, Sanders’ summary of the essentials of a 
continuous brake, to which, however, he would add 
simplicity of construction. He considered that a 
continuous brake ought to be used constantly, for 
ordinary as well as tee special purposes. The men 
would thus, as in no other way, get accustomed to 
handling it, and be able to apply it with absolute 
promptness when circumstances required it. Under 
all circumstances, however, an indicator on the 
brake should be considered as essential as a steam 
gauge on the boiler. He referred briefly, in con- 
clusion, to the results of the riments with the 
Westinghouse automatic and the vacuum brake on 
the North-British Railway, with which our readers 
are acquainted, 

Mr. Welch asked Mr. Sanders to say of what 
material his diaphragms consisted, what the con- 
struction of the ejector was, what maximum vacuum 
was obtained, and what time it took to take 
the brakes off. On the whole he considered a cy- 
linder and piston to be a much more durable 
affair, and likely to be more trustworthy and 
satisfactory in its action, than a flexible diaphragm. 

Mr. I. Lowthian Bell, speaking as a railway 
director and not as an engineer, hoped the discus- 
sion would be as wide and thorough as possible. The 
difficulty of ——— between the rival brakes was 
a most serious one for railway directors, especially 
when their stock ran over many different lines, as was 
so often the case, In the case of his own (the North- 
Eastern) line, there were peculiar difficulties, for it 
lay between the lines of two great companies, both 
using different forms of continuous brakes, and the 
present division of opinion rendered it almost im- 
possible for any main railway to decide on the 
adoption of any brake at all. He thought that the 
t potential increase of power by a 
brake which could be worked at a high pressure 
(as the Westinghouse) gave it an immense advan- 
tage over an apparatus of which the power was 
limited by the vacuum obtainable by a pump or 
a. He might add that, speaking for the 

orth-Eastern Railway, they had practically come 
to the same conclusions as those just ex; by 
Mr. Olrick, and he was merely ee e opinion 
of Mr, T. E. Harrison, one of our leading railway 
engineers, in saying that they had decidedly given 





their opinion in favour of the Westinghouse brake. 





Mr. Tomlinson spoke from a considerable ex- 
perience in the use of continuous brakes. He had 
adopted one primarily to reduce the wear of his 
wheels, which—with brakes only at the train ends 
—he had found to be enormous. Since his use of 
the vacuum brake he had found that in the last two 
pete anes aes the stuff he had had to turn off 

is wheels had been just one-half as much as during 
a similar period before. This by no means, how- 
ever, represented the whole saving by the change. 
He attached primary importance to simplicity of 
construction, and thought that it would be as foolish 
to use a complicated brake in ordinary work for the 
sake of an infinitely out-of-the-way contingency as 
to buy a watch which told “‘the age of the moon 
and the stars” when one simply wished to know 
the time of day. In all his experience he could not 
remember ¢hree cases where a train had broken 
away at speed, and did not therefore think that the 
advantage claimed for the Westinghouse brake on 
the score of its automatic action under such circum. 
stances was a matter of really practical moment. 
The brake which he had chosen, chiefly on account 
of its advantage in a was the Smith vacuum. 
It was easily regulated, any amount of vacuum could 
be used in it (tke vacuum usually ‘employed was 
from 7 in. to 10 in.) and it was ‘‘ good enough for 
all ordinary p 8.” 

We confess that this expression from a railway 
engineer struck us as very unsatisfactory. It is 
essential certainly that a brake shall be capable of 
being used for ‘ ordinary p 8,” but surely it 
is equally essential that it should be good enongh 
for extra-ordinary purposes. Atleast we have been 
accustomed to consider that it was to a great extent 
in view of such purposes that the adoption of con- 
tinuous brakes has been advocated. If nothing more 
can be said for a brake than that it is good enough 
for ordinary purposes, it is not likely to find favour 
with many of those wish for, or are trying to secure, 
the safety of passengers under all the conditions, 
extraordi as well as ordinary, of railway travel- 


ling. 

Professor Unwin mentioned that he had, twenty 
years since, worked at experiments on the East 
Lancashire and Lancashire and Yorkshire Railways 
where Newall’s screw brakes were used, applied to 
every wheel of the train. Under each ——_ a 
strong spring was placed which was compr by 
the guard at starting ; to put the brakes on it was 
only necessary to release these springs. Great ad- 
vances had been made in the mechanism of con- 
tinuous brakes since then, but a greater retarding 

ower had perhaps never been obtained than with 

ewall’s brakes, and the saving of tyre wear which 
even this early form of the apparatus effected was 
enormous. He was very anxious to know whether 
any scientific reason had been adduced for the 
apparent advantage in retarding power possessed 
by the pressure over the vacuum brakes. Was the 
difference only due to want of area, &c., in the 
latter, or was there some more essential difference? 

Mr. Wright (Lancashire and Yorkshire Railway) 
said that r wed had found Newall’s brakes to require 
constant adjustment. He was now trying both the 
Westinghouse automatic and the Smith vacuum 
brake, but was not yet prepared to express an 
opinion on their comparative advan . In one 

int, however, he quite di with Mr, Tom- 
inson, for he thought the automatic action a very 
great practical advantage. In reference to this 

oint Mr. Paget asked Mr. Tomlinson whether 

is unusual experience as to the breaking away 
of trains was not explained by the very special 
conditions under which the line with which 
he was connected worked. The latter gentle- 
man, however, denied this, and said he spoke de- 
liberately from the results of experience on many 
different lines, After all, he added, if derailment 
takes place ‘‘that is a splendid brake in itself,” no 
other could well be wanted. Mr. Wright continued 
by saying that there are many cases other than 
derailment where the automatic action is most 
valuable. He had repeatedly found instances of 
its action where a coupling had been inefficiently 
fastened up or had given way, and where accident 
had thus prevented by the engine driver re- 
ceiving timely notice that something was wrong. 

Mr. Charles Hawksley said he believed braking 
to be most effective when the wheels were not com- 
pletely skidded, Perhaps this might be due to the 
wheels becoming rubbed flat and bright with a 
corresponding decrease of friction on the rails when 
fully Tridded But this opinion was founded on 
experience of a long five-mile incline and somewhat 
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slow der other circumstances the results 
might be different. < ‘ 

Mr. Westinghouse remarked that in the kind 
of diagram section of his brake which Mr. Sanders 
had shown some essentials were omitted, which 
made the brake into one which ‘would go any 
way.” In answer to Professor Unwin’s questions, 
he thought two things were to be said. In the first 
place few designers of brakes knew the amount of 

wer which it was advisable and necessary to apply 
to the brake. He himself had found that with every 
increase of pressure or leverage he obtained better 
results, Then, secondly, the rapidity of action of a 
brake depended greatly on the volume of air which 
had to be displaced before the brake was fairly on. 
It was in this that the shortcoming of his own old 
brake lay, as well as of all other vacuum brakes, 
With his present arrangement his brakes were thrown 
full on with a displacement of only 30 cubic inches of 
air per carriage, while Mr. Sanders’ drums required 
the displacement of about 3000 cubic inches, The 
consequence was that while his brakes were ap 

lied (to a ten-carriage train) in a second and a half, 
it took 8 or 10 seconds to “pply either the Smith or 
the Sanders’ vacuum brake, He was sorry that Mr. 
Tomlinson, in all the investigations he had made, had 
found out so little about his (Mr. Westinghouse’s) 
brake as to suppose that it must “always be either 
on or off.” e fact was that with the “triple 
valve” the pressure could be perfectly easily 
graduated. The automatic action. was certainly a 
thing practically valuable. He was quite at one 
with Mr, Sanders as to what a brake ought to be if 
only he added the condition of instantaneousness of 
action t) he others he had mentioned, The ‘triple 
valve,” ox which much had been said at different 
times, was after all a very simple affair, its compli- 
cation lay in one direction only, it was ‘‘com- 
plicated to describe.” 

Mr. Cowper remarked that for any brake to be 
satisfactory it must be capable of exerting most 
varying power at different times and under different 
circumstances ; it must have within itself the adapt- 
ability to all conditions of the rail, whether the 
friction be one-third or one-tenth, and must be able 
to skid the wheels on emergency as certainly under 
the most unfavourable as under the best conditions. 
He was glad to understand from Mr. Westinghouse 
that this adjustability to different circumstances and 
capability of giving a high efficiency under all cir- 
cumstances was possessed by his brake. 

In replying, Mr. Sanders said that he had omitted 
the triple valve from his diagram, because (as he 
said in his paper) the diagram was intended to show 
a principle only, with the least possible number of 
details. But if Mr. Westinghouse had really 
managed to regulate his brake, as he said, by the 
triple valve, it was something new, of which he had 
as yet noknowledge. He did not think that Mr. 
Westinghouse’s calculation as to air quantities could 
affect the matter much. Mr. Westinghouse was in 
error in saying that his (Mr. Sanders’) brake took 
8 seconds or 10 seconds to apply. As a matter of 
fact it did take about that time to take off, but it 
could be applied in two seconds, and he made 

uicker and shorter stops with it than even Mr. 

estinghouse on the North British Railway. In 
speaking further of his own brake he alluded to the 
fact that it would not apply itself when not wanted 
even with a considerable fall of the vacuum. The 
ejector does the real work of keeping up the 
vacuum, the pump only making up for loss by leak- 
ages, and this was surely a more economical plan 
than keeping a pump continually going at a consider- 
able pressure. There is the advantage, too, that if 
the pump fails, one can fall back upon the ejector. 
In further answer to Mr. Welsh’s questions, they 
kept up from 25 in. to 27 in. vacuum continually in 
running between Milford Haven and Paddington 
without difficulty. The diaphragm is made of five 
or six layers of canvas united by rubber, and about 
2 in. of rubber outside all on both sides, the whole 
being about Zin. thick. The diaphragms were 
moulded to shape in cast-iron moulin, and stood 
work excellently, 

— of en to Mr. Sanders concluded the 
meeting, it bein ed to postpone the reading of 
Mr. Kortright’s paper. It was announced that ‘es 
next meeting would be on April 11th, a month earlier 
than usual, in order to allow more time before the 
Paris m ting: which has been fixed for June 11th. 

May we add, for the sake of all who attend the 
meetings, that we hope in future Mr. Browne will 
read the papers more slowly. In spite of the fact 
that his reading was both distinct and well em- 





phasised its ae 734, Sow ye it often difficult to follow, 
even with paper in hand, especially where there were 
references to drawings. 


THE “ INDEPENDENCIA.” 

Tae imperial Brazilian ironclad turret frigate 
Independencia, has just completed her steam trials 
in a very satisfactory manner, and is being got 
ready for commission, Her history down to the 
present time, short as it is, has m of a most 
eventful character. She was designed in 1872 by 
Mr. E. J. Reed, C.B., F.R.S., M.P., in accordance 
with outlines laid down by a commission of Bra- 
zilian officers sent over to this country for the pur- 
pose ; and the contract for bye, was given 
to the late firm of Messrs. J. and W. Dudgeon, of 
Millwall. The work upon her was pressed forward, 
and she was brought into a launching condition in 
July, 1874. In launching, however, she met with 
a most unfortunate accident. She stopped at the 
end of the launching ways, with her aft part over- 
hanging them to a considerable extent ; and as the 
tide fell her bottom was forced up " the great 
pressufe exerted upon it, and she laid like a wreck 
in the Thames, After great exertion her buoyancy 
was restored by tempo means, and she was 
towed away into the Admiralty dry dock at Wool- 
wich, The work of restoration proved to be of a 
very formidable character, as the whole of the ship 
appeared to be more or less damaged with the 
exception of the mere ends, All the bottom amid- 
ships was stove in, including the outer and inner 
bottom plating, longitudinals, and transverse bulk- 
heads ; the decks were forced up, bulkheads crip- 
ae and the pillars bent and distorted. The great 
ongitudinal bending strain she had been subjected 
to had also broken her sheer. 

In order to repair the defects it was found neces- 
sary to take out the whole of the bottom of the ship 
for a considerable portion of her length amidshi 
and build it in anew, to remove the bulkheads, 
deck beams, &c., and renew or restore them, and to 
greatly strengthen the — part of the ship b 
doubling the stringers and some parts of the dec 

lating, and also the upper strake of side plating. 

hese extensive renewals necessarily involved great 
delay and expense, but they had scarcely been well 
commenced before the firm of Messrs. J. and W. 
Dudgeon were obliged to give up the contract. 
The Brazilian Government then entrusted the carry- 
ing out of the repairs, and the completion of the 
vessel in accordance with the building contract, to 
Messrs. Samuda Brothers, of Poplar, under the 
supervision of Mr. Reed, who designed her. Since 
this arrangement was made the progress has been 
very rapid, and the Independencia has been speedily 
brought into a state of readiness for active service. 
Just as she was complete, and was steaming from 
the Millwall Docks to Greenhithe on the 22nd of 
December last in readiness for making her speed 
trials, she experienced another misfortune, which 
might have led to most serious results. As she 
approached Greenwich a. key which connects the 
gear on deck for working the steering engine with 
the engine itself worked out of place, and unknown 
to the pilot the working gear became disconnected, 
The result was that the ship went ashore opposite 
Greenwich College, and remained there till the next 
tide. The place where she grounded was fortu- 
nately very level, and the great strength of her con- 
struction as she now is, enabled her to be left high 
and dry at low water without showing any sign of 
straining or causingaleak. Her bottom is sheathed 
with two thicknesses of 3 in, planking and me 
and the great stiffness thus given to the plating 
between the frames doubtless greatly assisted it to 
bear the great strain of grounding with safety. 
The Independencia was docked at Chatham on the 
2nd of January, and was then inspected by Mr. 
Reed, Mr. Samuda, Captain da Mota, who com- 
mands the ship, and the officers of the dockyard, 
and no damage could be observed, except that a 
few sheets of copper had been rubbed off forward 
The steering gear that gave rise to the accident 
was Forrester’s, and the ee of the Indepen- 
dencia should teach manufacturers of machinery, 
upon which so much depends, to guard against the 
possibility of a breakdown, particularly when the 
cause is so easily preventible as in this case. 

The Independencia which we illustrate on e 
110 is 300 ft. in length between seieiiaiiociien, 
63 ft. in extreme breadth, and draws 24 ft. 9 in. of 
water when fully loaded for sea. She has a load 
displacement of 8960 tons. She carries two 
cricular revolving turrets amidships, each of 








which ‘contains two 38-ton Whitworth guns. The 
bases of these turrets are protected by an armoured 
breastwork, which rises to the upper deck, and is 
of sufficient length to enclose the turrets, the boiler 
and engine hatches, the principal openings for ven- 
tilation, and the approaches to the magazines. 
Before and abaft this breastwork the armour plating 
is contained in the form of a belt round the bow 
and stern. The armour upon the water-line belt 
amidships is 12 in. thick, with a teak backing of the 
same thickness, and upon the breastwork it is 10 in. 
and 9 in., with teak backing 10 in. thick, The 
armour plating and backing are both bolted in the 
usual way to the skin plating of the ship, which is 
1 in, thick, in two thicknesses of jin. plates. The 
top of the breastwork is protected by plating 1 in. 
to 1} in, thick, and the deck at the top of the armour 
belt, before and abaft the breastwork, is protected 
by plating 2in. to 3in. thick. The funnel and 
engine hatches are completely protected on the 
breastwork deek by gratings formed of deep armour 
bars, and the openings in the deck over the armour 
belt are fitted with protective sliding iron shutters of 
the same thickness as the deck plating. The turrets 
are plated with armour of 13in. and 11in. in thickness, 
the former being — upon that side of the turret 
which contains the ports, and the latter upon the 
other side. This armour is worked upon teak 
backing of a corresponding thickness ; and the whole 
is secured to the plating of the turrets, which con- 
sists of two thicknesses of § in. plates. 

The armament consists of four 38-ton guns, two 
in each turret, made of Sir J. Whitworth’s com- 

ressed, when fluid, steel, and rifled upon the 

exagonal system. These - are mounted upon 
carriages and slides made by Sir W. G. Armstrong 
and Co., and are worked by hydraulic machinery. 
They are loaded by the same means, in the manner 
first applied to the turret of H.M.S, Thunderer, 
and since adopted in H.M.S. Dreadnought and 
Inflexible, In addition to the turret guns there are 
two 7-inch Whitworth’s mounted right for- 
ward under the forecastle behind an armoured 
bulkhead. The 9-pounder boat 8 are mounted 
at ports cut in the after end of the flying deck 
amidships for repelling boat attack ; and mitrailleuses 
are mounted on the poop and forecastle for clearing 
the deck of boarders. 

i this description it will be seen that the Inde- 

mdencia is one of the most powerful ships afloat. 

er arrangement of armour plating is somewhat 
similar to the Dreadnought, and its thickness is 
little inferior to the Devastation and Thunderer, 
while her armament of Whitworth guns is more for- 
midable than that of either of those ships. But 
instead of depending for power of locomotion upon 
steam alone, as the above-named ships do, the In- 
dependencia has been made a fully rigged ship. 
She is not deficient in steam power; but, on the 
oe she can steam one knot per hour faster 
than the Devastation or Thunderer, and the 
Independencia also possesses the very desirable 
quality of being able to cruise under sail, In our ser- 
vice we have only had two large sea-going turret 
ships designed to cruise under canvas, viz., the 
Monarch and Captain. The Monarch has been very 
successful as a sea-going ship, but she is only pro- 
tected by 7 in. of armour plating. The Captain 
was notoriously lost through a failure in carrying 
out a system of construction which becomes dan-, 
pute when certain limitations are neglected. In 

th these ships great difficulties had to be over- 
come in order to combine a great range of fire 
from the turrets with the rig and deck fittings re- 
quired for cruising under sail, and they were over- 
come very successfully, But full-rigged turret ships 
have gone out of favour in this country, and we 
have lately been relying entirely upon steam power 
and a large coal supply for the means of cruiaing. 

In the Inde encia a bold attempt appears to 
have been e to combine the offensive and de- 
fensive powers of our Devastation and Thunderer, 
and a higher speed than theirs under steam with the 
rig and sailing qualities of our broadside ships. 
It is this feature which makes this powerful Bra- 
zilian vessel especially interesting. She has a fore- 
castle forward containing, as we have said, two 7 in. 
Whitworth guns, and also an armoured pilot tower 
from which the ship may be worked in action. The 
head sails are worked from this forecastle and the 
bowsprit run in upon it, Just abaft the forecastle 
is the foremast, the shrouds and backstays to which 
are fitted so as to be readily let go and brought in 
towards the middle line in clearing away for action 
—all except two shrouds of larger size than the 
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others—which will be allowed to remain and will 
take their chance of being shot away. Between the 
turrets and overrunning them is a hurricane deck 
somewhat similar to the Devastation. It is about 
one-half the breadth of the ship, and extends from the 
fore-turret to abaft the engine hatch, being supported 
by the casings round the boiler and engine hatches. 

pon this deck is fitted a rifle-proof house which con- 
tains the steering apparatus and appliances for work- 
ing the ship, the boats, hammocks, steam winch, 
ventilating-shafts, &c. Upon it are also two electric 
lights for use by night. The hurricane deck is 
narrowed abaft the engine hatch and continued to 
the poop. The standard compass and steering- 
wheel are fitted upon the continuation of the hur- 
ricane deck. The main mast is placed between the 
funnel casing and the after turret, The ropes con- 
nected with it are led down through ——_ in the 
hurricane deck to the upper deck and worked upon 
the latter; the mast being kept well within the 
line of fire. In clearing away for action the shrouds 
and backstays are all let go, as for the foremast, 
except two, and the ropes round the mast are all 
gatherei up on to the hurricane deck. The mizen 
mast ison the poop, from which all the ropes con- 
nected with it may be readily worked. 

The difficulties in connexion with the rigging have 
been ingeniously} overcome, and there seems to be 
no reason why the Independencia should not be 
effectively manceuvred under sail. All other obstruc-. 
tions upon the deck and the bulwark plating—which 
is fitted to turn down over the side—can be readily 
cleared out of the way, and when all is ready for 
action the turret guns can command a range from 
abeam to within a few degrees of the fore and aft lines 
either way, as will be seen from the plan on page 110. 

We have mentioned the Captain in connexion 
with this ship, and it may be well therefore to point 
out that the fundamental difference between these 
two ships lies in their proportions, the Independencia 
being 20 ft. shorter and 10 ft. broader than the Cap- 
tain, and having 5 ft. additional freeboard. This in- 
creased beam and freeboard must represent a very 
great excess of stability and of — to carry sail in 
the Independencia as compared with the Captain. 

The engines are by Messrs. John Penn and Sons, 
and drive a single screw. They consist of one pair 
of cylinders 127 in. in diameter, with 47 in. trunks, 
making an effective diameter of cylinder of 118 in. 
The stroke is 4ft.6in. The teed number of 
revolutions was 70, and the horse power 8500. The 
boilers are eight in number, working at 30 lb. pres- 
sure. They are contained in two separate water- 
tight compartments, four in each; so that in the 
event of one boiler-room being flooded, the other 
could still be worked. The boilers are 18 ft. in 
length, 10 ft. 6in. wide, and 12ft. 9in. deep, and 
each contain five furnaces 3 ft. in width, The pro- 

ller is 26 ft. in diameter, and has 23 ft. pitch. 

he shaft is 20in. in diameter. The preliminary 
trial of the machinery was made at the Nore on the 
31st of December last, and the official speed trial on 
Saturday last, the 2nd inst., over the measured mile 
at the Maplin Sands. The result of the trials was 
most satisfactory, a mean speed of 14.6 knots per 
hour, and a horse power of 9000 having been ob- 
tained. It was stated by Mr. John Penn, Jun., who 
conducted the trial on behalf of his firm, that this is 
the greatest power that has been indicated by any 
war ship, and no doubt this is the case. One of the 
nearest to it is H.M.S. Alexandra, which indicated 
8600 horse power on trial. 

The Independencia is now very nearly ready for 
trying her sailing qualities, and the working and 
firing of her guns at sea, She is such a very power- 
ful ship, and contains so many novelties and re- 
sources, that her further trials cannot fail to prove 
exceedingly interesting and instructive. 





ENGINE AND BOILER TRIALS AT THE 
SOUTH METROPOLITAN GAS WORKS. 
(Continued from p. 82.) 

Boiler Tests—The particulars and results of eva- 
rative tests made on six different days are given 
ly in Table IIL on page 109. The engine tests 
were made on three of these days only, but the 
methods a for measuring the feed water, &c. 
(as already described), were exactly the same whether 
or not the engine was being tested. The following 
memoranda will serve to in the circumstances 
under which each day's working was carried on. 
December 19th.—On this day the fuel used was gas 
coke from the yard, and bright fires were kept up. 


The grates had been bricked over, so as to reduce 
the surface to 16 square feet. From Table I. (p. 79 
of our last number) it will be seen, however, that 
the air space t h the bars was not as much as 
is generally used for burning coke. The engine 
was being tried at its ordinary work, and was indi- 
cating 31 horse power. The engine and boiler trial 
began and ended together, at 9 A.M. and 7 P.M. 
respectively, thus lasting 10 hours. 

December 20th.—This was the second day of the 
engine trial, and the work was being forced, as 
already mentioned. Fires were relighted (after 
having been drawn) at 9 A.M., and it was intended 
to carry the trials on through the same hours as 
before. It was found, however, that the increased 
power required could not be obtained at once, so 
that, although the usual observations were made 
continuously throughout, the engine trial was held 
to begin only at 10.45 a.M., at which hour the water 
level in the gauge glasses was again noted. At this 
time the required power had been obtained, and it 
was kept fairly constant until 8.45 P.M., when the 
fires were again drawn, and the observations ended, 
The boiler trial thus extended over 11.75 ‘hours, 
while the engine trial lasted 10 hours. The fuel 
used was a very good ‘ smokeless” South Welsh 
coal, said to be of the same nature as Powell 
Duffryn. Bright, thin fires were maintained 
throughout, the grate being bricked up as on the 
previous day. 

December 21st.—The engine was doing its ordinary 
work, The trial lasted eight hours, the fuel being the 
ordinary breeze from the yard. The bricks were 
removed from the bars, so that the grate surface was 
increased to 27.75 square feet, and the fires were 
kept thin and bright. 

January 2nd and 3rd.—On these days also the 
work of the engine was not interfered with, although 
it seems to have been rather more than usual on the 
latter day. The fuel used was the Merthyr coal 
which Messrs. Donkin employ for their own factory 
boiler, On both days the grate surface was 27.75 
square feet, but on January 2nd thin bright fires 
were used, while on January 3rd they were pur- 
posely kept heavy and black. On the one day the 
trial lasted eight, and on the other five hours. 

January 4th.—This was the day of the third 
engine trial, The work was again [forced so as to 
bring it up to that of December 20th. The boiler 
trial lasted 8.5 hours, an hour anda half longer than 
the engine trial. The same fuel was burnt as on De- 
cember 20th, but on the larger grate, and with 
fires kept thick and black. 

Results of Boiler Trials.—These, as given, in 
Table III., page 109, will not require much explana- 
tion. Column 4 gives the total quantity of water fed 
into the boiler per hour, and it will be seen from 
Column 5 —the corresponding evaporation per 
square foot of (total) heating surface—that the boiler 
was always under-worked. It isnot therefore likely 
that there was any sensible priming, nor were there 
any signs of it in the gauge glasses. From the 
nearness with which the calculations account for the 
total heat which would be supplied on the supposi- 














tion, but only that portion which goes to increase of 
internal energy. Column 8 gives the evaporation 
from and at 212 deg.) per pound of combustible, 

acting the ashes and clinkers (as well as the 
moisture) from the fuel put on bars. 


ate Spee in Column 7 are y worth 
noting. the first place it will be seen that the 
results obtained from the coke and the breeze are 
practically the pound combustible, indeed, 


the latter does the best duty, owing probably to its 
hydrocarbons. No doubt the grate was somewhat 
better adapted for burning breeze than for coke, 
which may have told against the latter, for the 
evaporation of very similar coke at the Vauxhall 
trials* was on the average greater than here. The 
coke used, however, was found, by carefully drying 
a considerable quantity, to have contained 6 per cent, 
of moisture, and deducting this with the ash, as has 
been done in calculating Column 8, the evaporation 
appears much better. A comparison between the 
two trials with Cefn and Merthyr coal gives interest- 
ing results as to the effects of imperfect and too 
slow combustion. congern December 20th with 
January 4th, on which days Cefn coal was used, it 
will be seen that the evaporations are respectively 
11.4 Ib, and 8.0 lb. water per pound fuel. On the 
first day however small grates were used, and bright 
fires; on the second day the grates were nearly 
doubled in area, while the fires were kept dull. The 
fuel burnt per square foot of grate should have been 
reduced from 8.1 lb. to 4.6 lb., had the combustion 
been as good as before—but it was soimperfect (owing 
probably both to the formation of carbonic oxide in 
the upper part of the fuel, and to. the non-utilisation 
of the hydrocarbons) that 6.4 Ib. per foot of grate 
were actually burnt, with an evaporation per yome 
of combustible actually less than that of the breeze 
or coke, and the formation of double the quantity of 
ash found formerly. A comparison between the 
2nd and 3rd of January shows precisely similar 
results (the grate surface, however, being here the 
same on both days), although not in such a striking 


degree. Probably the evaporation on the latter 
day was improved by the harder work which the 
boiler had to do. 


The price of the fuel iSoltrened in the yard) is 
given in Column 10, and from this Column 16 has 
been calculated, which gives the cost of evaporating 
a gallon of water on each day. It will be seen that 
the commoner fuels come out very much the best, 
that is, that their price is very much lower than that 
of the Welsh coals in proportion to their evaporative 
power. The cost of evaporation by the breeze is 
precisely one-third as much as by the Cefn coal. 
The Merthyr coals are still dearer than the Cefn, 
while the coke comes next to the breeze. The ap- 
proximate rate of transmission of heat in thermal 
units per minute per square foot of (total) heating 
surface is ger in Column 18. It is, of course, 
comparatively slow. The remaining columns of 
Table III. do not require explanation. 

Condensation in Pipes.—The condensation in the 
steam pipes, owing to the great length necessitated 
by the required arrangement of machinery, and to 


TABLE IV.—ConpDENSATION IN STEAM PIPEs. 

















1877. 1878. 

Date ... 3 { Dec. 23. Jan. 6. 
y eee we of experiment ... vite one bus ead one ob dis = 07 10 hours. 
Area of pipe uncovered . . * sq. = 
hoon at 2 md onseuedl } Including traps, but not surface of jacket itself { 149 sq. ft 307 sq. ft. 
Total water collected... . _ “ eee as se 1548.7 Ib. 845 Ib. 
Water collected per hour... 1771 84.5 Ib. 
Temperature of outer air ove pa Ae . 46.5 deg 48 deg. 
Temperature of air below engine-house, not too near pipes 68 deg. 69 deg. 
Temperature of steam, say oka Ras ‘tie aS an 295 deg 299 deg. 
Mean steam pressure (above atmosphere) 47 lb 51 Ib. 
Heat due to condensation of steam : Thermal units per on ic area .. 3.77 

foot pipe surface per minute aa ese soe ase Uncovered area... 11.80 
Ratio of condensation in uncovered to that in covered pipes bee ie the 3.13 





tion that all the feed water was evaporated it is 
evident, too, that this supposition cannot have been 
far wrong. Column 6 gives the actual evaporation 
<_ pound of fuel (assuming all the water to have 

m turned into steam), and Column 7 the equi- 
valent evaporation ‘‘from and at” 212 deg. Column 7 
is obtained by multiplying Column 6 by the “‘ factor 
of evaporation” given in Column 17 ; in calculating 
which regard has been had to the quantity of steam 
which was condensed in the pipes, and which there- 





fore did not receive the whole latent heat of evapora- 





the fact that at first they were uncovered, was very 
considerable. As the steam thus condensed could 
not fairly be credited to the engine, having nothing 
to do with its working, it was n to find its 
amount separately, as exactly as possible. For this 
purpose steam was kept up during two Sundays to 
& pressure about the same as when the engine was 
at work, and the whole range of pipes left open to 
the boiler as far as the stop valve on the engine 
exactly as during the trials. The water formed was 


* See Mr. Woodall’s paper on p. 58 of our last volume. 
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THE BRAZILIAN IRONCLAD 














laid in a longitudinal gallery below the floor level, 
31.49 in. by 4 ft. 5in., and formed between the two 
rows of the foundation carrying the columns ; finally 
the branch pipes to the engines will in most cases 
pass — the foundation of the raised frame in 
es formed within earthenware pipes, and 
aving a diameter of 18.1] in. The water mains 
for supplying the condensers will follow the same 
course. 

Beneath the longitudinal gallery just described is 
a circular sewer in cement, 19.68 in. in internal 
diameter and 6,20 in. in thickness ; this will carry 
off the condensing waters from the engines by means 
of vertical cast-iron pipes 6.29 in indiameter. This 
sewer is divided by six transverse ventilating drains 
foscing through the foundation of the Machinery 

, and by the transverse collecting sewers, into 
which it is discharged at six independent points, 
the main sewer having reverse gradients, which 
vary according to circumstances, but which are 
always greater than one per cent. 

2. The Foreign Machinery Hall.—Of the eleven 
sections into which the Foreign Machinery Hall is 
divided, only five will receive machinery in motion, 
that is to say, two for England, one for the United 
States and Sweden, one for Belgium and Switzer- 
land, and one for Austria and Hungary, with four 
apn vom | groups of boilers on the outside. 
The —— of transmission will be te same asin the 
French gallery. 

The — - wae & Sections ] and 2, 
occupied by England, wi riven by one engine 
of 250 horse power, placed at the "atemes of 
Section 3, and working an underground shaft 5 in. 
in diameter, which will transmit movement by 
means of a belt to overhead shafting. The under- 


ground shaft, placed in a small timber-lined trough, 
between the foundations of the columns in 
2, and half of Section 1, as far as the raised 

frame ; its bearin 

resting upon the 


are carried on stone blocks, 
ton invert between the opposite 














columns, and in the passages, and in Section 3 on 
small special columns, The axis of the shaft is 
23.68 in, beneath the flooring. The transmission 
framing in the English Section 1 is arranged in the 
same way as the French Section 1; that of the 
English Section 2 is a slight modification of 
the French Section 3. The between the 
columns carrying the shafting is suppressed in the 
English Sections 1 and 2. 

The section devoted to the United States and 
Sweden is identical to the French Section 4. In the 
section belonging to Belgium and Switzerland two 
raised frames are placed at each end, one for each 
— between the raised frames are thirteen bays 
of 11 ft. 3.33 in. each, and beyond each raised frame 
isan extreme bay of the samesize. Austria has five 
bays of 11 ft. 3.33in. each, and one raised frame, 
the rest of the section, occupied by Hungary, has no 
overhead shafting. 

In the engravings on pages 102 and 103, Fig. 1, isa 
side view of the structure carrying the ting, 
and of the raised portion, Fig. 2, is a transverse 
section through the latter, and Fig. 3 is a plan. 
Figs. 4 and 5 and 8 to 12, are details to an enlarged 
scale of the various and connexions. Figs. 6 
and 7 and 13 to 17, are drawings of the transmission 
framing adopted for the agricultural and other 
annexes, where only a small power will be trans- 
mitted. In this type, light cast-iron standards are 
employed, conn transversely and longitudinally 
by cast-iron distance pieces and struts. As will be 
noticed in this frame, an arrangement is provided 
for a line of shafting near the ground level and also 
at the top. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Visit iS Archduke of Austria.—On Th 

Prince lolph, Archduke ‘of Austria, visited Sheffield 
and was shown over the Atlas Iron and 





ited > 
Steel Works of 
John Brown and Co., and the cu’ establishment of 
Joseph Rodgers and Son (Limited). At both places the 














“INDEPENDENCIA.” 
(For Description, see Page 107.) 


prince was shown some of the leading manufacturing pro- 
cesses. 

Explosion of Gas at yee Fy » Friday morning 
last a terrific explosion of gas, which had escaped from a 
chandelier, took place at the residence of Mr. Walker, West 
Park-street, Dewsbury, causing severe injuries to several 
persons, and much damage to property. 

York Gas Company and the C 
Corporation held a special meeting 
the advisability of adopting a petition inst the new Bill 
of the York Gas Company. this e the company 

roposes to increase its capital from 100,0001. to 200,0001., 
ides borrowing powers for 25,0001. more, to enlarge their 


ation.—The York 
week to consider 


limits of supply from two miles to six miles from the centre 
of the city, to acquire lands for new works, to pay a 
dividend of 91. per cent. on the new ordinary capital, and 


61. per cent. on the preference capital, the present ordinary 
dividend being limited to 10 per cent. After a long 
discussion the petition was rejected by 13 votes to 11. 
Scarborough Water Supply.—Although the “ queen of 
watering ” is not in South Yorkshire, it may be 
mentioned that an agreement has been entered into between 
the Co tion and the Water Company, whereby the 
latter their undertaking on 25 years’ purchase terms. 


Midland Railway Toton Sidings.—Further accommo- 
dation has just been provided at these wo spe) Cg ee 
sidings, the rails now laid down there being of length 
of 25 miles. There are 65 engines stationed there, the shed 
accommodation being for 48 of that number. There are 150 
eis cpediie, shout AO wngenn pics telly o5 to = 

uw , about 12, ns on the u 
line above, and that total excludes 50 goods ond mine’ 
trains which run through on the main line. The gas con- 
sumed weekly is 140, cubic feet. There are eleven 


shunting engines ly employed in arranging the 
Mexborough and District Water Works Company.—At 
the first annual meeting of the shareholders of the Mex- 
borough and District Water Works Company on Monday 
it was shown that the works had now got into successful 
operation, and that there was a demand for the water. 
Daring 1877 the amount expended on the works had been 
$0001., and the receipts had been sufficient to pay a5 per 
dividend. It was also stated that the whole of the 
capital, 10,000/., was subscribed for, and about one-half 
up, and that 20001. more would need to be spent on 

e works, pipes, &o 
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THE MOUTHS OF THE MISSISSIPPI. 
(Concluded from page 66.) 

In conclusion we submit the following general views and 
recommendations : - 

The recent report of the engineer officer in charge, dated 
December 23, 1877, now in your hands, gives so exhaus- 
tively every detail connected with the work that we need 
but refer to that report, and to those which immediately 

e it, for full information concerning the history of 
the work, the manner of construction, and the present 
condition. It, therefore, seems only necessary for us to 
take up two or three topics which have especial importance 
in the present stage of the work. 

We have already quoted from the report of the Com- 
mission constituted November 2, 1876, in reference to the 
clause demanding ‘‘ substantial and permanent, works by 
which said channel may be maintained for ime after 
their completion,’’ a provision which refers to the cha- 
racter of the works as incidental to the maintenance ‘‘ for 
all time” of the channel. In the paragraph following the 

uotations referred to from the Commission’s report, the 
‘ollowing occurs: sae 

‘* We would add that the greatest variation from the 
sectional designs of the board of 1874 for the jetties is to 
be found on their sea sides. That board recommended 
that the jetties should have on their sea sides the same 
slopes as on the river or channel side. As actually built 
upon the foundation mattressed, the sea sides are vertical. 
This construction appears to answer every purpose through- 
out most of the length, for the wide shoals on each side 
afford great protection, and there is, as had been @: ted, 
a great accumulation of river sediment and loam deposit 
against the exterior of the jetties, by which that protec- 
tion is augmented. The outer ends of the two jetties, and 
especially the end of the eastern one, extend beyond their 
protection, and are greatly-exposed ; and we deem that an 
enlargement of section and a large application of stone to 
be essential to security. 

** We have already remarked that we deem, not only an 
enlargement of section, but a application of stone to 
be essential to the security of the jetties, their sea-ends 
especially ; and we are of the opinion that this enlarge- 
ment of section at the sea-ends and consolidation through- 
out by the application of stone should be undertaken at 
once, and a reasonable apne therein be made the con- 
dition of the second and all future payments. The imme- 
diate and full consolidation of the jetties should be neither 
required nor expected, as they will continue to settle for 
some time, both by subsidence of the bottom upon which 
they rest and by the compression of the mattresses of 
which they are largely composed. But this settlement 
and consolidation should be hastened, as has just been 
remarked, by the application of stone from time to time, 
so that they may be in condition to receive their final 
finish as soon, at least, as the e ted full depth of 
water in the channel has been obtained.” 

Since the date of the report referred to considerable 
quantities of stone (see Captain Brown’s report of De- 
cember 23, 1877, for exact quantity) have been laid along 
the jetties, some considerable portions of which may be 
considered as ae no further additions for consider- 
able time, if at all. 

With regard to the sea-ends, however, a much larger 
application of stone will still be necessary, but the defect 
of vertical sea-sides has not yet been remedied, nor has the 
required enlargement of section, to any great extent, been 
made. Nevertheless, these ends have maintained them- 
selves so as to suffer only from subsidence of the bottom 
} an rpg of the mattresses and superficial abrasion by 
storms. 

It is understood to be Mr. Eads’ intention to enlarge and 
strengthen these sea-ends in accordance with the views 
above expressed. 

The aoe of Captain Brown gives all the particulars at- 
tainable by him seneninn ravages of the teredo. We 
caused to be broken by pull of a tug-boat one of the piles 
of the east jetty head (a round pine stick about one foot in 
diameter, which had been in place more than two years), 
the fracture occurring about 8 ft. below low-water line and 
not far from the bottom. At this point the teredo had 
penetrated so as to leave but five or six inches of sound 
central core, external to which the worms, some of large 
size, had eaten away much of the substance. This fact 
confirms what had been inferred by Captain Brown, that 
seaward of station 100, on east jetty, all timber 5 ft. below 
low water, not buried in the bottom or surrounded by de- 
age sediment, will ultimately be consumed by worms. 

ut this fact does not imply that the foundation mat- 
tresses, well buried in the sand, will not remain sound; 
neither that those which, in the body of the jetties, are 
well packed around with sediment will not equally remain so. 

Farther observation and large experience are necessary 
to a full development of the question involved ; but it is be- 
lieved that when the lateral slopes of stone are fully pro- 
vided the penetration of the worm into the interior oft the 
jetties in these salt-water exposed parts will be checked, 
and that to the extent to which they may be impaired, the 
ay will be found in the increase of the quantity of 
stone. 

By reference to Captain Brown’s report, it will be ob- 
served that the ends of the opposite wing-dams have gene- 
rally a less interval between them than 700ft. Section 9 
of the Act of Congress requires that the said jetties “shall 
not be less than 700ft. apart.’’ On this point Captain 
Brown states, in the seventh report, ‘that it has been 
assumed by my predecessor, I think, and it certainly has 
been assumed by me, that any narrowing of the water way 
to a less width than 700 ft. was a temporary expedient to 
gain an increase of velocity which should aid in scouring 
away speedily a material, mostly of hard clay, which has 
been compacted by years of inertness under both mecha- 


nical and chemical laws, and should secure the first desired 








depths sooner than they could be obtained without the! 
diminution of the waterway. And I have assumed that it 
was the intention of Captain Eads to remove any obstruc- 
tions toa waterway 700 ft. wide ultimately. In 
sumption I am orally confirmed by Captain 
e letter of the law quoted above speaks only in pre- 

scribing the interval of the 700 ft. of location of ‘* the 
said jetties,” the only instance, except one, in which in 
the numerous repetitions the word “ jetties” is with- 
out the sequence of the words “ auxiliary works,”’ and it 
seems clear that the language applies to the location of the 
main works—‘‘ the jetties’’—and not to auxiliary works 
Cg wing-dams, &c.) Whether or not a clear waterway 
of 700 ft. is intended, we are not now called upon to decide. 

The jetties themselves, as located and so far constructed, 
are veally 1000 ft. apart. The existing wing-dams bei 
avowedly temporary expedients, the ultimate removal o 
which—or at least of so much of which as may be necessary 
to exhibit the aforesaid; clear waterway — being the 
announced intention of the grantee. With present channel 
widths the contraction of total waterway is no detriment 
to navigation. 


Respectfully submitted. 
(Signed) J. G. BARNARD, 
Colonel of Engineers and Bt. Major-General. 


(Sign H. G. Wrieut, 
Lieut.-Colonel of Engineers, Bt. Major-General. 








SOCIETY OF TELEGRAPH ENGINEERS. 
President’s Address, read by Dr. C. W. SIEMENS, 
January 23, 1878. 

(Concluded from page 86.) : 

ALTHOUGH this country has from the first taken a promi- 
nent part in the invention and development of the electric 
telegraph, and is still the seat of oceanic telegraphic enter- 

rise, almost to the exclusion of other countries, it 
tely been asserted that other countries, and especially the 
United States, are now taking the lead in telegraphic im- 
provement, and it behoves us to inquire whether such an 
allegation is founded on fact, and if so, whether it is attri- 
butable to indolence on our part, or to circumstances be- 
ond our control. Steady progress has, as I have shown, 
m made by us up to the present day in the instruments 
and other appliances used in telegraphy, but it cannot be 
denied that the more startling innovations of recent days 
have chiefly emanated from the United States, the o y 
civilised country in which, as it happens, internal telegrap. 
communication is still in the hands of private companies. 
Is it, it may be asked, this open competition which has 
stimulated the American inventor to bring forth duplex 
and quadruplex telegraphy, the telephone, and other inno- 
vations ? T incline to the belief that the — competition 
for public favour does act as a powerful stimulant to in- 
vention in the United States, a stimulant which was equally 
active in this country in producing a variety of novel instru- 
ments, at the time prior to the purchase of the telegraphs 
by the Government. 

In frankly giving expression to this opinion, I do not mean 
to call in question the wisdom of the policy which dictated 
the purchase on public grounds of the telegraphs by Govern- 
ment. Through it we have obtained a uniform and moderate 
tariff, an extension of the telegraph system to minor sta- 
tions (although the number of stations opened in this 
country does not yet exceed that provided in the United 
States, being in the one case a station for every 5607, and 
in the other for every 5494 inhabitants*), and a better gua- 
rantee for the secrecy of messages. The growing con- 
nexion between the telegraph systems of this and other 
countries would have compelled by degrees the active inter- 
vention of the Government, which alone could 
effectively with the telegraph administrations of other 
countries general questions of tariff and modes of working. 
The triennial meeting of the Telegraph Conference will, as 
you are aware, take place this year in London, and will 
enable us to judge more fully of the beneficial results of 
co-operation between the tel hic systems of the world. 

e conference does not interfere, however, with matters 
of technical import, such as the construction of lines and 
improvement of instruments for working the same, in which 
we are chiefly interested, and it is a question worthy of 
consideration whether the Acts of Par! ent of 1868-69, 
by which the Government Department of Telegraphs was 
created in this country, do not go beyond the limits neces- 
sary to insure a well-regulated public service in taking the 
construction as well as the working of the lines out of 
the hands of public enterprise. They give for instance to the 
department the faculty of purchasing letters patent, 
whereby an interest is created in favour of particular in- 
struments, to the prejudice of others of . eee equal 
merit, and such a course is by no means calculated to sti- 
mulate invention. 

The erection of lines for local and private purposes is an 
important branch of telegraphy which I submit should 
have remained entirely outside the one of a public de- 
partment, in order that competition might have a free op- 
portunity of developing such applications, as is the case in 
the United States, where private and circular telegraphy 
is undoubtedly in advance of other countries. 

In venturing upon these observations, I wish it to be 
clearly eatentend that I do not mean to insinuate that the 
engineers and other officers of the a administration 
have not been most anxious to secure the greatest amount 
of public benefit, or that they have been remiss in their 
endeavours toimprove the condition of the line-wire and 
= instruments upon which the public service de- 
pends. 

Great improvements have indeed been recently made by 
the Postal Telegraph Department in the rate of working of 
Wheatstone’s automatic circuits, and in the employment 


Pa See Statistical Tables in the Iron Age for July 17, 
1877. e 





transmitted, it appears that the Queen’s speech, contain- 
ing 801 words, was sent to Leicester in 4 min. 28 secs., 
being at the rate of 179 words per minute. The quickest 
rate at which it was sent by key was between on 
Reading, where it conanlall seventeen minutes, or at the 
very high speed of 47.1 words per minute. 

It is perhaps bene yf remark that on the first night 
of the session over 420,000 words were transmi' 
fror the central station, and over 1,000,000 words were 
delivered in differents of the country. 

The quadruplex system of poe. on Pacers yn to be 
worked with very satisfactory results m London and 
Liverpool, and it has quite quadrupled the power of the 
one wire to carry messages. The ~~ number of mes- 
sages transmitted in one hour has 232 ; about 200 
per hour have frequently been sent. 

_ The system of duplexing Wheatstone automatic circuits 
is gradually extending, and on Leicester wire whi 
carried the Queen’s speech at the rate named —_ 
were being transmitted in the opposite direction by the 
— arrangement at the same time. 

n submarine telegraphy ample scope still exists, as I 
have endeavoured to show, for the i uity and enter- 
prise of the telegraph engineer ; bet fave the free 
exercise of these faculties is threatened, not by legislative 
action, but by a powerful financial combination. It is in- 
tended by this combination to merge the interests of all 


has | oceanic and international lines and the construction of 


new lines into one interest. 

It seems hardly probable that such a mono Beye be 
able to maintain i in the long run i t irre- 
pressible spirit of British enterprise, which, though lan- 
fishing at the present time of unparalleled depression, is 

ely to reassert itself before long. 

say by Thich oo toavgtte ae HL te tees Oe 
agency which our thoughts are great dis- 
tances, but it is gradually asserting its right also as a means 
of accomplishing results where the exertion of quantitative 
effects are required. Much has been said about the ap- 
— of electricity for producing light, and the French 

mpany Alliance, as as the Gramme Company, have 
it is known for some years been establishing magneto- 
electric apparatus to illuminate the lighthouses upon the 
French coast, and for galvano-plastic purposes. 

By an ingenious combination of two eto-electric 
ps egy with Siemens _ tures, st = oo 

ester, su in greatly augmen' @ effects pro- 
duced by purely mechanical -mmcmetgy, Bor the greatest 
impulse in this direction was given in 1866-67, by the intro- 
duction of the dynam ical principle, which enables 
us to accumulate the current active in the electric circuit 
to the utmost éxtent ) gerne by the conductive capacity 
of the wire employed. Dr. Tyndall and Mr. Douglass, 
chief engineer to the Trinity Board, in reporting lately to 
the Elder Brethren upon the power of these machines and 
their applicability to lighthouses, give a table showing 
that a machine weighing no more than 3 cwt. is capable of 
producing a light equal to 1250-candle power per horse 
power expenditure of mechanical energy. Assuming that 
each horse power is maintained with an expenditure of 3 lb. 
of coal per hour (which is an excessive estimate) it would 
appear that 1 lb. of coal suffices to maintain a light equal 
to 417} normal candles for one hour. The same amount of 
light would be produced by 139 cubic feet of gas of 18-- 
candle power, for the uction of which 30 Ib. of coals 
are consumed. Assuming that of this quantity, after 

in the 


heating the retorts, &., 50 per cent. is returned 
form of gas-coke, there remains a net — of 15 Ib. 
the effect of 


of coal in the case of ighting to produce 
one pound of fuel Pada 6 in ebeteic lighting, or a ratio 
of 15 to 1 in favour of the latter. Add to the ad 
of cheapness in main , and of a reduced capital ex- 
penditure in favour of the electric light, those of great 
pr moar in quality and its freedom from the deleterious. 
ects of gas in heating and polluting the a in 
which it burns, and it seems not improbable that it will 
supersede before long its competitor in many of its 


lica- 
tions. For poy sg for mili Pp , and for the 
illumination of large works and i the elec- - 
tric light has already made s progress, while for do-- 
mestic applications the electric P by Jablikoff, 
or m tions of the same, are likely to solve the diffi- 
culty of moderating and distributing the intense light 
produced by the i lamp. The comp! 
realisation of all the advan‘ of the e’ ic light remains, 
however, a problem to solved, and it w be Poor ee 
a as 


tive advantage indicated by theory. 

The dynamo-electric machine has also been applied with 
considerable success to metallurgical processes, such as the 
precipitation Some ye is termed the wet process 

x one horse-power expended in 

a o-electric machine of suitable construction 

ipitate 21 lb. of copper per 24 hours, equivalent to 

an expenditure of 72 lb. of coal, taking a consumption of 
8 Ib. of coal per horse power per hour. 

Electrolytic action for the separation of metals need not 
be Fg however to — seamen ay will take 

r an equally impo’ ‘or the separa- 

io ins cone of fusion of the lighter metals, such as 
aluminium, calcium, and of some of the rarer metals, 
as potassium, sodium, &c-, from their compounds. Enough 


drivi 
ag Ap thet 


E 





has been shown by Professor Himly, of Kiel, and others, 
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inaugural evidress which I had occasion to deliver 
Iron and Steel Institute a twelvemonth ago, I 
attention to another application of the dynamo-electric 
current, that of conveying mechanical ey oe ware A the 
ae of a pe natural ny yee) pe tant places, 
where such power may section 
Ex = aS ven 
tain the percentage of power may thus be utilised at 
a distance, and the results of these experiments are deci- 
ded) - agy ee for pane Tg an application of the electrical 
enacted ®, weighing 3 cwt. and entirely 
enh item ee 3 horse power as mea- 
sured by a Prony’s brake, with an expenditure of five 
— power wh the other end of the electric conductor, 
ing ed above 40 per cent. of the og ex- 
pa Ee distant place may be recovered : the 60 
-_ lost in transmission includes the friction of both the 
ric and electro-motive engines, the resistance 
the conductor, and the loss of power sustained in effect- 
ing the double conversion. This amount of loss seems 
considerable, and would be still greater if the conductor 
wer were _——— were of great | im 


ower of a nat 
motor is obtained without expenditure of coal, and that a 
small caloric motor which the electric motor is intended to 
supplant is inconvenient and very extravagant in fuel. The 
electric motor presents, moreover, this great advantage, 
that it requires eee ye any installation, and would be avail- 
able at any time by an closing the "electric circuit with- 
out incurring the risk and inconvenience inseparable from 


steam and gas engines. 
Without consi take the. or the neliaation of natural 
forces, let us case of simply distributing the 


power of a steam of, i saw, 1 100 — med ag | to twenty 
stations, within a circle of for the pro- 
daction of both light and ote ug oy comme ‘of 100 horses 
can be produced with an expenditure of 250 lb. of coal 
pm hegre be if the engine is constracted upon economical prin- 
ci or of 

250 — 1.25 Ib. 

20 


station. In the case of the current being utilised for 
the production of light 
aah = 2760, 
or, say, 2000-candle pe ya at the station, 
whereas if power is desired. 2. horse power may be ob- 
tained, in both cases, with the dageutinne 12.5 Ib. of 
coal, representing a penny an hour for cost of fuel, taken 
at fifteen shillings a ton. size of the conductor neces- 
sary to convey the effect produced at each station need not 
exceed half an inch in external er, and its cost of 
establishment and maintenance would be small as compared 
with that of gas or — pipes for the conveyance of the 


same amount of Spowee 
Electricity, ich in the days of Franklin, Galvani, 
Sage, was as an ingenious play- 
8 a minds, and did not advance mate- 
ition in the time of Oersted and Ampére, 
and ¥ eber, and not indeed until the noon-day of 
y= immortal Faraday, , in our own times, grown to be 
the swift messenger by which our thoughts can be flashed 
either overland or through the depths of the sea 
to distances circumscribed only by ~ = — is 
known to be capable of —— ans 
expressed in conven cypher ie one copies ~ 
our drawings and handwriting, Jy - the present day 
even the sounds of our voices, and of resuscitating the 
same from mechanical records se after the speaker has 
passed away. In the arta it ly an important 
part through the creation by nonbi of the galvano-plastic 
process, and in farther extension of the same principle it is 
rapidly becoming an a me t in the out of 
metallurgical processes upon a scale. It has now 
appeared as the formidable rival of gas and oil for the pro- 
duction of light, and, unlike those inferior agents, it 
asserts its hig er nature in rivaling solar ht for the pro- 
daction of ph hic images; and ly it enters the 
ranks as a rival Ben arnt tt acts 
and utilisation of mec 
Who could doubt under these ci cireumstances that there 
ee le field for the exercise of the ingenuity and 
enterprise of members of that Society I have just had 
the honour of ing ? 
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Mr. RB. D. bv sa iehiehe: 
has of so a im 
ing as it does the future 
ety of the travelling 
pow ps useful to consider 
been applied in the wor 
To be the whole’ 


propoved, woul 
possible in this paper, but as they have ail been 
to be worked wu one or other of certain principles (the 
difference in the details of pata it is 
cn — the = recent lication o! aan 
prinel les, whic not dnly have been worked up toa greater 
state of perfection, bat actually put into practical opera- 
tion. 


The examples which the writer has selected are only | and 
herefore intended as illustrations to show in what way 


, affect- 
and the 


bei interesting 
hich ae hitherto 


working of 
ablic, that it 

principles w 

of continuous brak 





® Paper read before the Institution of Mechanical En- 
gineers, 





of them 


that the subject has 
received much a’ though continued improve- 
mor ry dims weg - since the first train was run, to in- 
crease the speed of the locomotive, little has been done in 
a practical way to bring a train, when travelling at high 
speed, to a state of rest, numerous ts have 
arisen from the want of sufficient power. The 
only brake power, until recently emp consisted of 
ie owen Dashes a lina fo the Ladera guards rane 
These are poe vely applied e firemen guards, 
but the retarding force, which they can by th 
produce, is so onal’ in proportion to the momentum of the 
tran, that although it E sufficient to control a train under 
circumstances, it is not sufficient to arrest its 
progres in time of danger. With the gradual increase of 
and speed it has become necessary to provide the 
means of arresting trains in short aeueen. and to effect 
this object continuous brakes have of late received con- 
siderable attention. 

As the term lied ton a continuous brake is one by which 
blocks are applied to all or nearly all the wheels through. 
out the train, and it is the means employed for putting the 
requisite pressure upon the blocks which constitutes the 

rtant question for discussion. 
here are two different methods of applying brake 


power. 

PoThe si 8 mn or direct-acting principle. This includes all 
those b in which the power is created at the time 
when it is required to put the brakes into a, and it 
therefore follows that th - efficiency and certainty of action 

in this particular class of brakes entirely depends upon the 
ae working order of the mechanism employed. 

The automatic principle. This includes all those brakes 
in which the power is kept alive, or maintained in readi- 
ness to be applied the moment it is wanted. Most of the 
different principles have been applied both automatically 
and non automatically, and the way in which they Soon 
respectively been wor ed out will now be described. 

1. The w Brae shown in jthe , Fig. 1.— 
This consists of a shaft extending from eac carriage to the 
other, the revolutions of which screw the brakes upon 
the carriages to which it is applied. This shaft is put into 
operation by means of hand gearing in the brake vans, and 
it may therefore be considered merely as an extension of 
the old hand system by converting the carriages into so 
many brake vans, all of which are put under the control of 
the guard, who when putting on his own brakes also ap- 
plies those on the carriages. 

The motive power employed is that of the guard, and it 
. oe that in order to exert his power effectively 

hout an entire train of say 200 tons ht, a con- 
nee le amount of gearing would be required in order to 
multiply the power to the ameerey extent to force the 
blocks to the wheels. This could only be done at the ex- 
pense of time, and while the power was being accumulated 
a collision might take place. When it is remembered Ln 
a train trav at 60 miles an hour, passes over 30 a 
in a second, it will be seen how important it is that a brake 
should be capable of prompt application at the moment it 
is wanted. It therefore would appear, that a revolving 
shaft throughout the entire train could not be advan- 
tageously applied, if operated upon by manual power. The 
method of applying this screw system has been to divide 
the trains into erent portions, 
the control of their respective » who, if they all 
worked in concert, would no doubt have considerable 
power over the train ; but its entire efficiency would de- 
pa upon the guards being always on the alert, and on the 
ook out for accidents, or for a signal from the driver. The 
system has not to the writer’s knowl applied 
automatically, and it can therefore hardly be considered as 
continuous in the true acceptation of the term. 

2. The — ww: Fig. 2. gg nom pt Sap 
running undernea e carriages and passing 
over the = as shown. One end of this chain is secured 


under the — oom req) 


working of rail 
Itis only dari 


to the end of the last car: upon which it is required to 
exert its influence, and the other to a revolving shaft on the 
brake-van. This shaft carries a friction » which, 


being put into motion, winds up the chain, and thereby the 
levers on each ca: are raised, and the brakes applied. 
On the axle of the brake-van is ‘also a friction drum, and 
in order to apply the brakes, it is only necessary to bring 
the two drums into contact, which causes the ¢ to be 
wound up on the shaft, and the brakes applied in the man- 
whe brakes t into operation by the guards, b 

e es are put into o m by the y 
nope & See released by the tripper 

rting it, puts the two friction drams in —- It 

| be seen ee be this brake is capable of wg prey 
cntien. At 60 miles per hour a 3 ft. 6 in. vied 3 
revolutions per + » and supposing the feline ¢ drama 
to be the same size, and the shaft upon which the chain is 
wound to be 4in. diameter, one foot of chain would be 
wound up for every revolution of the shaft, or 7.3 ft. per 
second, provided there was no slip between the friction 
drums. If the slack amounted to one foot upon each car- 
riage, the brakes would therefore be applied on seven car- 
riages in one second of time at 60 miles an hour, and in two 
seconds, with fourteen carriages. 

The efficiency of this brake ds—first, upon the 
vigilance of the guards, and seco upon the friction or 
bite of the two drums necessary to to kee — Scotia of 
when they are brought in contact. In ication of 
this principle it has been customary to Baad e chain to 
a pie yn bee number of carriages only at each end of the train 

~~ those carriages so connected under 
of the t and rear 

The chain brake can be applied by the driver, and be 
made to act automatically on the two different portions of 
the train by means of a cord communication, as shown in 





the different powers are employed, aoa, how od operate 


each one under | ing ¢ 








Upon pulling the from the engine the 
i and the brakes the falling 
of the reehted levers which a eee ae 


ciaaded the whole length of the train, the tenken sonia 
not (although the levers would be released by the papaling 
of the cord) act automatically, because the chain woul 
become loose and the friction pulleys would have nothing 
to tighten against. In this principle it therefore appears 
necessary to divide the train into portions, so that the 
rege power may not be lost by any accidental breaking of 


The writer is not aware whether any arrangement has 
yet been carried out to work the friction ys from one 
of the tender axles, or any other means controlli the 
brakes from the engine, than the cord attachment ; but it 
would seem that an advantage would be by 80 doi 
as it would enable the driver to release the brakes as w 
as to apply them ; but as at present arranged, the driver 
oan oa them b by pulling the cord, they must be taken off 

Se » thus making the working of the brakes one 
o responsibility 

3. Another form of chain brake consists in keeping the 
chain constantly under tension, by which weighted levers or 
springs, which are employed to apply the brakes on each 
carriage, are kept out of action. The brakes in this case 
are applied by eeloning the chain, and it is evident that, 
as the power for opp ying the brakes are the levers or 
springs on each indivi carriage, the automatic action 
is obtained by the breaking of the chain in any part of its 
length. This ——- however, requires some means 
Se —e up the c and keeping it in tension, This 

one by means of a winding-up apparatus in the 

at van, -_ a long as the trains were attached to the 
vans this might be done; but it would be difficult to epply 
on each A mt so as to ‘be conveniently worked when t 
brake van was not available, ard at the same time . 
provide for the free control ‘of the chain from the vans 
ay the train was made up lete. 

The Simple Vacuum Brake, F ig. 3.—This brake 
RF of a pipe extending the entire rie th of the train, 

apd connected to collapsing cylinders on each carriage. 

The heads of these collapsing cylinders are attached to the 
brake gearing, insuch a manner that when the air is with- 
drawn from them the pressure of the exte air causes 
them to collapse and pull upon the levers with a power due 
to their areas and the pressure of the atmosphere upon 
their “ym when exhausted. The end of ee 
Le on the engine is connected to an ejector which is 

Hed ied with steam from the locomotive boiler, =e 4 
—- end of the pipe on the train is closed. 

It will be seen that when the steam is turned into the 
ejector, the air will be drawn out of the continuous pipe, 
and also from the oetapeny: cylinders, and the b ap- 
plied as above described, with a power in proportion to the 
vacuum created in the collapsing cylinders. order to re- 
lease the brakes, it is only necessary to shut off the ejector 
and admit air into the continuous pipe, by which the collaps 
cylinders are relieved of the atmospheric pressure, and 
therefore rendered powerless. 

The efficiency of this brake, as a train stopper, depends 
upon the power of the ejector, and it can only be put 
the control of the guards as well as the driver, by means of 
acord running the entire length of the train, by which 
the steam cock can be opened by pulling it from the 
van; but this cord communication can only be used safel; 
when the twain is intact. In the event of an nocidental 
separation, it would be a source of danger ; because the 
steam cock would be opened by the breaking of the co; 
and the front _— of the train would thus be ——_ 
by the ay of the brakes, whilst the rear 
postion woold be nt free to be run into it. . aly 

s the power-producing apparatus is on the engine only, 
it follows that it cannot act automatically without the 
addition of some other exhausting apparatus in the — 
vans. This has been done b m4 means of exhausting pum 
worked from the axles, which, being put into gear by t 
breaking of the cord or otherwise, withdraw the air from 


the pipes, and so apply the brakes. This arrangement, 
however - requires each coup between the carriages to 
be provided with self-closing ves, so that when an acci- 


dental separation of the tra train takes place, the ends of the 
pipes are automatically closed, otherwise the ae 
vacuum could not be created by the exhausting pumps. It 
— ome oy seem that -- ey = 
e entirely depends upon the perfect closing 

valves, and the working of the pum mpe, which at 60 miles 
an hour would make no less than strokes per minute ; 
and it may be doubtful whether these could always be kept 
in perfect working order, to be depended upon with 
absolute certainty which is a sine qud non to an efficient 
continuous brake. 

As has been shown above, the brakes are applied by 
creating a vacuum in continuous pipe and collapsing 
drums, and in proportion to the withdsawel of the air from 
them, 80 does the power of the brakes increase, up to the 
maximum power which the ejector is capable of a 
The oe of application therefore depends 

wer of the ejector, but it is evident that, under t = 

ela. abstracting the air from th or the a 

elapse in the air from the pipes, power 
of the brakes must increase in the reverse ratio to the speed 

of the train ; or in other words, when the speed is 

at the first moment of apparent danger, the brakes are less 

effective than they are after a lapse of time, when the speed 
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of the train is diminished. This is obviously the reverse of 
what it should be. : : 

In order that they may be applied at all, it is absolutely 
necessary for the pipes to be at all times a. If a 
coupling should be disconnected, the brakes could only be 

plied with a force due to the action of the ejector against 

e friction of the air passing through the length of pi 
which remains unbroken, so that if a leakage should take 
place in the front part of the train, the brakes would be 
useless. The safety of this principle appears to depend 
solely upon the apparatus being maintained air-tight, and 
the perfect fitting together of the couplings between the 


S. 

In the application of continuous brakes the questions 
arise whether the power for working them should be placed 
in the hands of the driver and or both, and also 
whether a brake should, or should not, be automatic in its 
action. The driver is the one who has sole control of the 
motive power, and from his position on the engine is con- 
stantly on the look-out ahead for signals, &c. He, therefore, 
is the first to be aware of any obstruction on the line, and 
is in the most favourable position for applying the brakes in 
time of danger. This should be done simultaneously with 
shutting off the steam, so as to save every available second 
of time, which as shown before, is of great importance 
when travelling at high speeds. If the power of applying 
the brakes is entrusted in the hands of the ou only, 
much valuable time would be lost by the driver having to 
call their attention, by means of a cord communication or 
a whistle, both of which might be ineffective in arousi 
them to the necessity of stopping the train, and althou 
the means might be at hand, the employment of which would 
avert collisions, accidents might happen from those means 
not being brought promptly into use, through failure of 
the communication. 

Not only is it necessary in time of danger for the drivers 
to have immediate and full control over the whole of the 
available brake power, but in ordinary working ; especially 
with stopping trains it is a great advantage in the regula- 
tion of se | into stations. Much time is saved by drivers 
having full control of the cone | as well as the motive 
power, instead of relying upon the uncertainty of the 
guards acting in concert with them, whose attention is 
often taken up by other duties, in connexion with pas- 
sengers’ lug , &c. Circumstances may, however, arise 
which would require immediate action on the part of 
the guards, independently of the drivers, such as an axle 
breaking, a carriage leaving the rails, or a signal from a 
pesmon, &c., and therefore the guards, as well as the 

ivers, should have the means of applying the whole of 
the break power whenever it is necessary to do so, but the 
a working of the brakes should be trusted entirely in 
he hands of the driver. 

There are other contingencies to be provided against in 
the working of railway trains. The engine may break 
away, or the train become accidentally divided by the 
failure of a coupling, and unless the divided portions are 
rapidly brought to a state of rest, accidents may arise from 
the rear portion running back upon a descending gradient, 
or from its overtaking and collidin ing with the front portion. 
An accident of this nature lately happened in which a 
break-away engine was stopped in front of the train, from 
which it had become detached. The consequence was that 
a violent collision took place and much damage was done. 
Even if the front and detached portions were not separated 
by a sufficient distance to cause a disastrous collision, a 
telescoping action might take place, as it did at Shipton, 
which led to such sad and fatal results. 

It, therefore, would appear that the necessary con- 
ditions to be fulfilled by a perfect system of continuous 

es are : 

1. Complete control both in applying and releasing them 
on the entire train by the driver. ed 

2. Control in applying them in time of danger by either 
of the guards. 

_3. Automatic action in the event of an accidental separa- 
tion of the train. 

4. The brakes to be their own tell-tale, and the auto- 
matic action not to be contingent upon the proper working 
of a cord communication, or any appliances to be put into 
operation when necessity arises. 

It will have been noticed that these four conditions are 
not completely fulfilled in either of the principles described. 

The writer will now proceed to d ibe those which more 
or less fulfil the above conditions, and the facilities which 
the powers employed afford for providing an efficient and 
reliable brake. 

_5. The Hydraulic Brake illustrated in Fig. 4.—This con- 
sists of a continuous pipe throughout the train connected 
to a cylinder and piston upon each carriage, which operates 
upon the brake-blocks. tom the engine is a steam pump, 
which forces the water into an accumulator also placed on 
the engine. This accumulator consists of two cylinders and 

istons, the area of one being double that of the other. 

he continuous pipe and steam pump are connected to the 
smaller cylinder and steam is itted from the boiler to 
the larger one. The duty of the pump is to force the water 
into the accumulator, with a pressure of twice or more that 
of the steam in the boiler, which is acting upon the larger 
piston, so that if the steam pressure is 120 lb. per square 
inch, the pressure of water in the accumulator will be 
ot Si bo Rag adeuans be ones ting the tolati oe 

: any amount by adjusti relative r- 
tions of the two pistons in the accumulator and pistons of 
the ‘steam pump. . By means of a “‘ tor’® on the 
engine the pressure thus obtained is admitted to the con- 
tinuous pipe and so to the cylinders and pistons on the car- 
riages by which the brakes are applied. 

+ will be seen that in this form the hydraulic brake can 
be ogned or released by the driver, and it thus fulfils 
the conditions above mentioned. In order to comply 
with the other conditions and make the brake act auto- 


matically, powerful springs have been introduced on each 








carriage, which are put into compression by means of a 
a linder and piston ; these springs act as accumu- 
lators and react upon the water in the cylinder which 
applies the brakes when by a separation of the train the 
continuous pipe is broken. There is no cord communica- 
tion, and as the brake is its own tell-tale, the fourth con- 
dition is ee with. 

In the application of this principle it is necessary to pro- 
vide against the effect of frost, and this is done by using a 
solution of salt and water, or water and glycerine, both of 
which mixtures freeze only at very low temperatures. A 
small tank containing the solution is placed on the tender, 
and the steam pump takes its suction from it. This tank 
supply also provides for the loss which arises from leakage, 


and the disconnexion of the couplings between the carriages | rod 


when the train is broken up. 

6. The Compressed Air Brake, illustrated in Fig. 5.— 
In the application of this principle a ree many different 
forms of brakes have been suggested, all of which essentially 
consist of an air compressing pump, worked from one of 
the axles of the train, or by steam from the locomotive 
boiler, a reservoir, and cylinders and pistons on the car- 
riages, by which pressure is put upon the blocks, when 
themselves put into communication with the reservoir 
Soom the continuous pipe. As none of these forms 
fulfil the above conditions it is not necessary to enter into 
a detailed description of them. The automatic compressed 
air brake is the most recent application of the compressed 
air principle, and it is illustrated in Fig 5. 

A donkey pump is kept continually at work by the 
steam from the locomotive boiler, in order to maintain a 
pressure of 60 lb. to 70 lb. per inch of compressed air in the 
continuous pipe and reservoirs, one of which is placed upon 
each —T, In connexion with this reservoir is a 
cylinder and piston, by which the brakes are applied. 
Between the reservoir and cylinder is an apparatus or re- 
gulator, the function of which is to regulate the flow of 
compressed air from the reservoir to the cylinder when the 
brakes are applied, and to release the compressed air from 
the cylinder when the brakes are required to be taken off, 
at the ag — to a * a supply of air to the 
reservoir, for the purpose of recharging it. 

is apparatus 4 of a somewhat complicated nature, but 
as the whole action of the brake depends upon it, it is neces- 
sary to describe the principle upon which it works. This 
principle is illustrated in the rough di Fig. 6. A 
is a reservoir of compressed air, B the cylinder and piston, 
by which the brakes are applied, C the continuous pressure 
pipe, and the ap tus for ting the flow of com- 
pressed air to ant from the cylinder. A constant pressure of 
compressed air is maintained in the pipe C by the continual 
beara oe the pump on the engine. The pressure thus 
obtained is admitted to both sides of an elastic diaphragm 
or piston E. This diaphragm is made to operate upon an 
arrangement of valves, which, for the sake of simplicity, is 
represented by a simple cock F. 

So long as the normal pressure in the continuous pipe 
C is maintained, equal pressures are also maintained on 
both sides of the diaphragm, and it is, therefore, inopera- 
tive; but when the pressure in the pipe Cis reduced a 
similar reduction of pressure takes place on the top 
side of the diaphragm, which is then forced upwards 
by the confined pressure on the opposite, or underneath 
side. This motion operating upon the cock F establishes a 
communication between the reservoir A and the cylinder 
B, whereby the brakes are applied. Upon the restoration 
of the normal pressure in the continuous pipe the dia- 
oa is again put into equilibrium, and Y its motion 

ownwards operates upon the cock in such a manner as to 
shut off the connexion between the reservoir and the cy- 
linder, and open a passage for the free exit of the com- 
pressed air in the cylinder, which is then driven out into 
the pupae reba g the action of a spring upon the piston 
which is employed to take the brakes off. The valves 
and H are for the purpose of wig bee pressure on 
the underside of the diaphragm and in the reservoir at the 
time the pressure in the continuous pipe is reduced for the 
purpose of applying the brakes. 

In order to apply the brakes it is only necessary to reduce 
the normal pressure in the continuous pipe sufficiently to 
destroy the equilibrium of the diaphragm, and this can be 
done in any part of the train by opening a cock, or by the 
accidental separation of the train or,couplings between the 
carriages. This application of compressed air is therefore 
automatic, and it all the four conditions above stated 
to be necessary to make a theoretically complete con- 
tinuous brake. 

The efficiency of this principle appears to depend upon 
the pump maintaining a constant sure in the con- 
tinuous pipe, and on both sides of the diaphi 
prop he | pares of pressure, by eased 5 
place, from imperfect working of the pump or 
in the pipes, the’ equilibrium of the di sor would 
destroyed, and the brakes applied at a time bo gore + 
it was notintended, and if, after they were applied, unless 
the pump were capable of restoring the n pressure, a 
difficulty might arise in taking them off, except by releasing 
the air by other means in the cylinder on each carriage. 


It also appears that by this ent there is no means 
of regulating the power of the brakes. As they are applied 
by establishing a connexion between the reservoir and 
cylinder in the manner described, it follows that the brakes 
must either be ‘‘fullon,’’ or completely “ off.”” As ex- 
plained above, a very small reduction of pressure in the 
continuous pipe ge the a be applied, — as the 
pressure employed is very , the leakage from the pipes 
—_ accidentally be sufficient to apply them .when not 
intended. 


Seeeriiget te so tontape in cepa in 42 end 
and blow 5 wo A 

principle appears therefore to depend upon the perfection 
of workmanship, the secure connexion of the couplings 
between the carriages, and the perfect working of the steam 


3 for 
take 


cap In compressed air ee difficulty arises 
rom the generation of heat, and writer found this 
rather a serious obstacle in the application of this principle 
for ing a means of communication between mga om 
drivers, an . Whether any such eerery bee 
experienced in the application of it for working brakes, he 
is not prepared to say, but it seems that this would have to 
heh oe nag against in the application of the compressed air 
principle. 
Compressed air has also been applied automatically by 
means of a cylinder and piston on each carriage, the 
ssure being maintained on both sides of the piston, 
principle is shown in Fig. 7. It will be seen that as 
the area of one side of the piston is diminished by. the 
there is a superabundant weight on the Mn eae 
the piston at the hottom of the cyli » 80 


which 
long as t ure is maintained on both sides of it. 
There isa valve A which closes towards the 


i hi This brake i lied by releasing the 
pipe, as shown. is is app! y releasing 
— from the continuous pipe, which leaves the piston 

ree to be moved upwards by the expansion of air on the 
underside, which is in connexion with an air reservoir. 
The power of the brake therefore depends upon the amount 
of air admitted into the pipe, to reduce the pressure on the 
top side, and it can therefore be as required. 

~ brake is its own tell-tale, and all the four conditions 
are ; 
7. The Automatic Vacuum Brake, Fig. 8, which 
shows the brake designed by the writer.. In the appli 
tion of this principle a vacuum is created in the continuous 
pipe by means of an ejector on the engine, and it is sub- 
sequently maintained by an exhausting pump, worked from 
a reciprocating part of the engine. function of this 
pump ist ore not to create the necessary power, but to 
maintain it, by withdrawing the air which must of neces- 
sity find its way into the pipes through leakage. On each 
carriage are two drums with flexible heads, of different 
areas, shown enlarged in Fig. 9 which being connected 
with the continuous pipe and to the brake gearing, pull in 
opposite directions. The larger drum of the twois employed 
to keep the brakes out of action, and the smaller one for 
applying them. In the connexion between the smaller dram 
and the continuous pipe is » self-closing valve, as shown 


enlarged in . 10. 

The action of the brake is as follows: When the vacuum 
is created in the continuous pipe the air is igs yo 
withdrawn from both drums, but the ure of the a‘ 

acting upon the head of the 
balances that upon the head of the smaller one. As they 
are both connected to the opposite ends of the same lever, 
the difference of power in the larger drum over that of the 
smaller, is constantly employed in keeping the brakes out 
of action. In order to apply them it is necessary to destroy 


the vacuum in the larger drum, which is done by admitting 
air into the continuous pipe by means of a valve on the 
engine or in the ” vans, as shown enlarged in Fig. 11, 
or by an accidental separation of the train or disconnexion 
of the couplings between the carriages. Th 
air into the continuous pi 
described sealing it. The cow 
between the carriages is shown in Fig. 12. A ee 
shown, Fig. 13, is provided for, admitting air to the smaller 
drum if omg K 
The action of these two drums is as follows: The effec- 
tive power of the large’ ing drum is square 
inches x 10 Ib. vacnum = 3800 lb., while that of the smaller 
or applying drum is $14 in. x 10lb. = 3140 Ib. ere is 
therefore, with a 10 1b. vacuum, an excess of power equal 
to 660 lb. in each releasing drum, acting in the direction of 
keeping the brakes coukelly out of action. When the 
D vacuum in the continuous pipe is reduced say 17} 
Sb ee the two drums are put into yg eek omg but this 
Gs iniges trum ip ball polling otta exadl pie? socio 
rum is still p with equal power inst 
the smaller. The brakes can only be od on by still farther 
reducing the vacuum in the rum ; and in propor- 
tion to such reduction, the ing drum is to 
apply them. tal te) 
releasing drum allows the other to act with full effect 
“ie Nea ty i accom 
i seen t¢ is i 
powers the efficiency of the brake does not Pee pera 
the normal vacuum being kept up, but thatit may be re- 
duced 17} per cent. without affecting the brakes, and also 
that the power of the brakes can be regulated by the 
Lepr! Lf air admitted into the continuous pipe, in any 
i ?_. 
The brake its own tell-tale, and the power of it is 
always registered in front of the driver by means of a 
vacuum gauge, and therefore all the four conditions are 


by this a ment complied with. 

Rd dared noticed that as Se ental pry 
atmosp) ways presses upon outside of t pes 
and , there is no (as in the application of 
the hy ic and com air principle) of the a 
—— apart. the contrary, are firmly he 
toge' the pressure upon them, and there is for this 


reason @ lency in the use of this principle to reduce 
rather than aggravate any imperfections of workmanship. 





New Sours Weis Coau.—The output of coal from the 
Hunter River district, New South Wales, during the month 
ending November 9, amounted ‘to 80,857 tons, of which « 
21,785 tons were shipped to Sydney, 20,565 tons to Victoria, 
6509 tons to South Australia, 6486 tons to New Zealand, 
d, 795 tons to Tasmania, 4231 tons to 


» by steamers, 





4975 tons were used for home consumption. 
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ANTIMONY =z (per ton)— 
Regulus (star) 


Bass ray lb.) — 
DOC, 48 X 24 rrorcersereeree 
Yellow metal ....se0serseeee 


CasTines, TYNE AND ounce Ye 
8. 


(per ton)— 
GHEdOTS ..0..0.0000000 eccecceses 





CopPsr (per ton)— 
Chili bars 


Pee eeeweeoeneeereeres 





[now ORES r ton)— 
Red bomatite, British 
puddling 


[non Pie ton)— 








oe we? 
” NO. 8 creccvrrssesees 
Oleveland No. 
* 99 2 cceccceccece 


Other QUBLICS .,e.creeeces 
Welsh (South Wales) ... 
» (North Wales) .., 


Bootch Pig— 
G.m.b., Ot GAB ZOW..0.00008 
Gartshe 


TINO ..,.c0scecseceeees 








Calder, at Port Dundas... 
Glengarnock, at Ar. 


Eglinton, ditto ss. 
Dalmellington, ditto...... 
Oarron, at Grangemouth 
Ditt, specially a 
Shotts, at Leith . 
Kiaueil, at Bo'ness. ces 

(The above all 








Shropshire 0. ......cse-eese 
Nor Staffordshire eeeeee 
South 

Yorkshire Thornaby Dig. 
Midsdale Nos, Land? .,, 


Ixon, Wrovant— 
Oleveland n=. ageedeesons 
~ paddled bare 

é boiler plates... 
@ ship plates....., 
wer ree ooeeee 
Scotch DAIS ne .ceseereee 

nail 


StaYordshire bars ......... 
ve plates evteee 
Welsh ‘rails, BW. ccorcccce 
» bere sees 
»  bdoiler plates, 3. W 
oe «— ROOPS, BW. cesses 
LeaD — 
Soft seeeeeecenes 
gianna 
Puosrson Baonss— 
(DOT OWE) rrrerveerssroeees 
-QUIOKSILVER - bottle) 


Sonar ( 
Oia eis for for tases. 


Se Cee Hee COR SOR SEE TEE 
Aa... ian ton)— 
Silesian, ordinary .... 











S 1G SLEISEN _- 
(per tea,— 
oO 
Sraa. (per ton)— 
Best cas sen ee ones eeece cenees 
” Goubie —— 





+ Single 
Eagtlah spring eee cecceoees 


98 penne eneeeteescenee 


AOOTOe Orem eneenes cee es eee 


a ei déceenen 
- foun Fi 
Srust Castinas (per owt) — 
Hydraulic cylinders in 


the we not to ex- 
FEA PPro, 
Ds. do. finished... 
Pinions and cog wheels 


roy 
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eof oo 
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STEEL CASTINGS —Continued 8. 


Side cranks, cross heads, 
crane wheels, engine 
slides, &c. 

Tambler bars and. “other 
castings for dredging 
PUFPOSIS .., .sorcereereeeee 

Swepise [Ron (F.o.b.) at 
Gottenburg — 
Pig .. 


Oe cee ree ree eoeeeenes 


Bar rolled. eo cones: 





vy DAMMETEM,, ..eccoscoree 
TIN (per ton) — 
Straits ., 





ZLNO (per ton)— 
Sheets, English ............ 
Wire, Fencing . 
» Telegraph ‘aivan’ oa) 1 


COALS AND 
Oo 
«A ease eves 


Mewe ewenstle and Durham... 


Stattordahire cceseevceccesee 

WORE  ccccccccscccscosecocecee 

YOrksbire..,...sereeecereseees 
CoKE— 

CloVeland ....ccccesecreseseeee 

Durh 














OILS, GREASE, eo 


Os (per GUD) rrercorssvereeeees 
yong brown ..... - 

pale ...... 

Sp orm head ,., 

Hale, PAale.......essseseeses 

99 YOUMOW ...sccccecseees 









PeTsoLeuM— 
Fine (per pa ovecesees 
19 SPITE... ....crcerveereores 
— ritish owt)— 


yo bh 
PLUMBAGO (per cwt.)— 
Coylon LUMP  crcccesseseeeee 
» chips oe 








Pritchard, Offer and Co.’s 
CONCENTALEM ....00000008 
Besiy (per cwt.)— 
me See eee cee eee eeeees ees 
TALLOW (per cwt.) 
Ameri 


eee 





Tar—Stockholm (per barl) 


ae rit— 
American (casks) .......« 


WIPINGS, engine (per cwt., 





CHEMICALS, &, 


ACIDs— 
sete om (POT ID.) .cevee 
phuric acid (per ~ 
Sulphuric acid, brown ., 
AMMONIA — Muriate (per 
COR)....ccccercevcereoces: secceees 
ARSENIO— 
White, lump (per ewt.) ... 
2 Powdered sm ta =) 
LEACHING powder 
Bonax—refined (per ewe? 


BRIMSTONB (per ton)— 
Bough , — 








LEAD, SaLTs, &0., (per owt.) 
ACOtate, BOSE snsscscceseneee 


BRECWE =e cancccccncceees 
Red. 





WEIS.  srcccoccccapencccecooee 


LITHARGE IT OWE) rccvcoses 
orasn—Blchromate (per 


Stee eeeeneeeeeecceseeeeeees 


aidenean Haglan reba, Hogs 


Stee eee ees eeeeeeneseenes 





DA seeececceceecenees 


” AIS ....corcrcecesene. 
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TIMBER, DEALS, &c. 
LONDON. 


(Per Seis a 
Archangel rat yellow..... 





Wyburg ......... 
Peteraburg & Riga ‘white 
Christiana deals, best 
—~ my yell. and white. oe 
vane deals, other 
ution battens, all sorta 
Swedish deals mixed ... 
Swedish deals 3rd ......... 


eere.eceeeeee 10 10 


and 4th .. 

(Battens 60s. jess than 
deals) 

Finland deals .......ss00000 
® Dattens .....0-08 


AMERIOAN DEALS— 
Quebec Ist _— pine... 


715° F § °° 
Floated 40a., 208., “and 10s., less for lst, 
and 3rd, ‘Tespectively. 


Canadian spruce, lst...... 
2 2 2nd ... 
érd ... 

New Brunswick spruce. & 
Ditto OOTOS ce ree tee 
N.S. & P. E, Isle 5 pruce 
U.S. pitch 


«ve OP eeerasece 


AMERICAN TIMBER—(per load) 
Red we 


(mixed and 


Do. for yards ‘and spare 
Yellow pine, large ... 

Ditto waney — ecccee 
Ditto SMALL .rerccccerseseeses 





Birch, Quebec large .. 

Do. N. eee: and 
P.E. Isle 

Do. smal! average . 

Masts, red pine ... 





BALTic TIMBER (per load) 
Riga 


T uvecccceeecerccsecssoses 


Dantzicand Memel crown 
» Ist middling...... 
» 00d, middling, 


and 2nd......... 
» common  amid- 


seereeceresores 


un ceeces 
» small, short, and 
Swedish .... 

" +00 000 008 Cee eee 


and bs ae 


FLOORING Boanns r 
of lL in.)— wer rind 
First 






eeeeeesees 


$08 08 cee t ee rec ees 





Lp en 
Second quali! ee eeeee 


Ths aheve | prices “at “che Docks. 


LIVERPOOL. 
WHOLESALE PRICES OF TIMBER, DEALS, &0. 
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From Baitish Nogta AMBRIOA. 


Pins Timpar (per cubic 
foot string measure) 
Quebec yellow square ,,, 


board , 
St John's W. E N. NBs 18 in... 
British 
— ecceee 
Nova Scotia and Prince 
Edward Isiand 


eee ceeees 


QUebes FOd .,,.ccccsseeeseees 
Quebec 





” OOP reeeeeeeeee. vey 


Whitewood .......sssserseee 
bi =" Canadian and 
Bish, St qusbes, ‘3, ‘be. HB, 
” eeeeeeeeeceseee 
ova 
Prince Edward Island 
DEALS AND BATTENS 
Petersburg standard) 
Quebec yellow pine, Ist.., 
Quebec yellow pine, 2nd 
ot, done, “Bangor, &c, 


Ditto, tho, Nova ‘Scotia, 80.00 
Boards, pine. 


see ceseeesessoeoss 


Lethwooll per fathoms 


(ALE) ccccccceresvcesseeseeres 


measure) 
Pitch pine, hewn e0ereeees 
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wenn B 


3 
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Seco C4 Owe “es 


nn oewre ofS 


eoo 
“> 


Seoooo0eocoeocoo 


eeon oo 


ene» ooo 


= 
-co~woce 2 


Onn 





PRICH LIST OF MATHRIALS. 


TuurspDAaY, Fes. 7, 1878. 


Pitch pine planks ......++ 


United States oak logs ... © 1 


(Per load a measure) 


a (per 1d.) ° - 





Demerara Morra. OTTR.cesereeees 
Bullet tree (per foot)...... 


FROM THE BALTIO, &0. 


(Perch. ft, Se 
Fir timber, Riga red 

Fir timber, ame and 

Memel cro ereccccees 

Ditto, dito," vothes kinds 
StOtthM cccccoccoccccce coceoeeee 
Swedish 
SROSWEG ncscesccoteeesndbeibtis 


WAINSOOT (Logs calliper 
measure) 








UTC) a0. 


(string mi 
Pit props per rr lineal yard 
DEALS, &0.— 
(Per Petersburg standard) 
ee —I and 


seve $6 10 
Redweod, E Pouitabatg ist 1g 10 


mt WyDduUrg severe 11 
e Uleaborg ...... 


" Gefle and Stock- 
im 





MAHOGANY, &c. (per fot lin.) 
° 


City St. Domingo ......... 
QUA ccocccccccccceccccccccocecs 
BAablow scocccccewccccsccceccccees 
Cedar, Havana, &. ....... 
Sleepers, Hackmatack, each 
9x “f xs 
" Pine 
Pa Hemlock ; o 


” IT seoseesseceseseees 


HULL, 
(Per load). 
Memel crown fir timber ... 


” » 2nd 

Riga and Dantzic Ist .,... . 
event ” eenece 
SEE serena 
Mining timber .......cccsscerses 

(Per cubic foot). 

QUueDEC CLM ... serrseeesseereeeee 
” _- ch 


St. John’s bi birch ..... site 

Pitch pine, hewn” oe eee 

wer aulensenn: standard). 
st Arch, and Onegared.., 








°° Fos red Sxil 6 8x5 19 © 





Baltic lst red flooring bds. 14 5 
Ditto WHItC sesccsseveseseesseces IE © 


Charge for labour 2s. per standard for deals, &c. 
_ and 1s. 6d. per load for timber. 


WEST HARTLEPOOL, 


(Per cubic foot.) 
Dantaic good middling fir.,, 
Ditto common middling fir 
Sundowall OF crecccccceseseeere © 

(Per Petersburg standard.) 
Gefle 1st red deals ....... cover 16 
» sa wn eos 

” = ” 


je — white deals 
Tunadal Ist Ted deals . 
i 


ba 
Gottenburg brad red battens 
Petersburg ist red deals... 
Quebec ist pine 3in. x 7in 
and w ee te | 
Ditto, ditto, 2nd ...... 
Ditto, ditto, 8rd ....,,.c0reeeee 
Obarge for labour 2s. per standard for deals, &c- 
and 1s. 6d. per load for timber. 





(Per Petersburg 
Gefle ist reddeals ........, 17 10 
2nd 0 sovreeese 14 § 


" éscecctee. 
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Tunadal 2nd red deais 


owe 19 15 
” as ” ow. 12 2 
os 10 10 


Wyburg 1st a deals ......14 § 
ttens ... 
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eseceseescaccoccescosese SE BY 
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Wyburg 2nd red boards oe IT 
Free on railway 
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SMOOTHING AND POLISHING WOOD. 
By J. Ricnarps, Manchester. 

Tue main purpose of the present article is to 
explain the operation of some newly designed 
machines for polishing wood, but as this process is 
comparatively anew one and not understood so well 
as sawing, planing, and so on, it is thought best to 
offer some general remarks and suggestions relating 
to the process itself prior to describing the machines 
shown in the annexed engravings. re 

The operations in preparing wood for joinery, 
cabinet work, or other purposes, when the surfaces 
are to be painted or varnished, consist in first 


cutting’the wood to accurate dimensions and then 
This last 


smoothing or polishing the surfaces. 


planing with a common smoothing plane and then 
scraping them and rubbing them with glass-paper. 
Soft wood a only careful planing and glass- 

ring, but if scraping is omi' great care 
it be taken in planing or else the planing marks 


will show by reflection when the surface is polished, | grain 


varnished, or painted 

Cleaning off, as before remarked, is msive ; it 
requires the most skilled workmen and is always 
comparatively well or badly done, that is, the truth of 
surfaces is generally modified by the expense that 
‘can be afforded and is rarely ever as perfect as 
might be. The panels of our railway carriages are 
favourable —— of this ss off process. 
They are’ generally of large size, e of teak or 





mahogany, and few persons suspect in noticing the 





Fie. 2. 


operation is called ‘‘ cleaning off” or finishing, and 
often costs many times as much as shaping the wood 
to true dimensions, 
_ For very hard or irregular-grained wood such as 
is made into veneers, or employed for the finer kinds 
of work, the cleaning off process consists first in , 
planing the surfaces with a tooth plane, having a 
serrated edge like a comb, this tool scratching | 
away the high places and levelling the surface with- | 
out pulling or splintering the wood as a common knife 
will do unless very carefully adjusted and worked. 
After tooth planing, the surfaces are scraped with | 
a steel hand scraper until the scratches made by the | 
tooth = are removed, and the surface is then | 
— by rubbing with glass paper of different | 
neness. | 





Straight-grained hardwoods ean be cleaned off by | machines, scraping machines, and sand-papering ma- 








smooth even surfaces how much skilled labour is 
expended in preparing them, 

There has naturally been much effort made to 
construct machines which would take the place of 
handwork in cleaning off, and it must be admitted 
with but indifferent success, if we compare that 
operation with the shaping of wood; however, 
during some years a considerable advance has 
been made and no doubt still more remains to be done. 
In wood smoothing and polishing, as in nearly all 
other processes where it has been attempted to 
supplant hand labour by machines, the machin 
is made to. imitate hand operations. Cleaning off, 
for example, consisted in planing, scraping, and 
glase-pepering, or sand-papering, which is a better 
term. machines applied to the purpose are planing 


chines, Planing machines which will a sur- 
face ready for sand-papeting without scraping have 


been made, and are in common use for certain - 


—s but as a rule the three old procésses must 
fe we ot chy the case of working hard or irregular- 

Mr, James Brownlee, of Glasgow, to whom we 
are indebted for several improvements in wood-work- 
ing machinery, as well as other contributions in prac- 
tical science, some years constructed a planing 
machine with a rotating cutting cylinder, having its 
axis diagonal to the course of the lumber, while follow- 
ing this was a huge disc of the Bramah fitted 
with shearing cutters also set at an angle to the course 
of the wood. On this machine a whole door, after 
putting together, could be cleaned off ready for sand- 
papering. The Pere | shavings removed by the 

ramah wheel resembled tissue paper, and the wood 
was not pulled or splintered, but such a machine was 
eg only for soft wood and a special purpose, 
while, besides, it was very expensive and required 
considerable skill in its operation. 

In America, during recent years, there have been 
made quite a number of machines for planing or 
cleaning doors, the cutting cylinders set diagonal 
to the course of the lumber, On the whole, how- 
ever, it may be claimed that for the better class of 
work and for hardwoods, scraping is ey oo 

More than twenty years Mr, B. D. Whitney, 
an American engineer well known for various in- 
a in w a ree nine nn idea of 
applying scrapers by power, the edges of the scrapers 
belay long enough SS ont a shaving the whole width 
of the lumber at one operation. He began by pre- 
paring narrow machines, and gradually extended 
their width and capacity, adding one improvement 
after another, until a width of 32 in. was reached. 
At first the machines were worked on maple, wal- 
nut, and other native straight-grained woods, but the 
capacity of the machines, like their dimensions, was 
increased until the South American and other hard- 
woods were treated successfully. 

For twenty years this power scraping has been 








going on successfully, until the machine shown by 


. 





LE AMI 


Fre. 3. 
Fig. 1 has been produced, and from experiments 
witnessed by the writer, who has recently visited ‘Mr. 
Whitney’s works to examine into the matter, there 
seems to be nothing wanting to insure pereanens 
success on hard pas | of all kinds, including some 
kinds of veneers. To quote from a circular of the 
maker, ‘‘ These are not planing machines, nor in- 
tended to take the place of ing machines, but are 
for smoothing or fishing wood surfaces, after 
such surfaces have been pre on a planing ma- 
chine, doing the work heretofore done only by 
rem and in a more satisfactory manner at much 

ie.” 

With these machines the wood is smoothed by a 
blade having a turned like a hand scraper. 
This blade or is in a suitable stock over 
which the-lumber is féd by means of rollers. This 
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stock, or plone 200 stg bocated, io promod equines 
the bottom side of the lumber by means of springs, 
taking a thin sha from the surface of the wood, 


leaving it glossy an rfectly smooth. The grain 
of yee is not disturbed, and after ing the 
surfaces are ready for varnishing without further 
treatment. This last statement will seem extra- 

toany one acquainted with wood cutting, 
because of the difficulty of keeping knives of any kind 
in such order as to leave surfaces smooth enough 
for varnishing. It must however be remembered that 


the knife here employed is a scraper, and less liable 
to be nicked or injured by grit than one set asin a 
common planing machine. ere is also much 


in preparing and setting the 
knives ; a machine as shown in ioe Sane 3 being 
indis if true work is to be done. 

This grinding and setting machine, as the engrav- 

shows, is exceedingly well designed, made strong 

massive. The knives are clamped in a long 
vice on the traversing carriage seen on the front of 
Fig. 2. This carriage has an automatic movement 
given it by the screw seen behind, and shifting 
gearing similar to a metal planing machine. On the 

frame are mounted two spindles carrying emery 
wheels, which can be adj to produce a bevel on 
both sides of the knife, as shown in Fig. 3. On the 
left in Fig. 2, and in front, Fig. 3, is seen the turn- 
ing die, a block of hardened steel which is employed 
to “turn” the edge after grinding. 

When finished on this machine, the knives are as 
straight and true asthe carefully scraped ways can 
produce, and the surface of the wood treated is left 
pemety level. A blowing fan, not shown in the 

rawings, is provided to take away the dust caused 
by grinding, and the machine as a whole is no doubt 
one of the most complete ever made for use in wood 
working. 

Among the various kinds of wood in common 
use in this country, teak is no doubt the most difficult 
to work. The tough s fibre interlocked like 
the threads in a we of elo , and a kind of gritty 
gum in the pores, render it extremely difficult to 
clean off surfaces which have to be varnished, and 
to add to these impediments, much of the teak used 
is not dry when worked. It is not now known 
whether teak can be successfully prepared on these 
machines, but arrangements are being made for con. 
ducting experiments in the writer’s works at Man- 
chester, of which some report will in due time be 
given. The novelty of the machines just described, 
and their importance in many kinds of wood manu- 
facture, will be a sufficient excuse for this some what 
lengthy description. 

respect to sand-papering by machinery, the 
attempts have been many and more diversified, and 
there are many reasons for believing that: with im- 
provements in the means for holding or carrying 
the abrading sand or other material much more can 
be accomplished than at the present time, not only 
in polishing and smoothing surfaces, but also in 
shaping the more friable kinds of wood, 

n treating metals, for example, it is not long 
since emery was mounted or carried in the same 
manner that quartz or glass sand is now employed 
for wood working, that is, on belts, buffing wheels, 
or sheets of cloth or paper. Emery is now moulded 
into solid wheels, cemented by glutinous or silicious 
substances, which do not materially interfere with 
the cutting action of the grains, and it is probable 
that with some research, such as has been devoted 
to making emery wheels for metal cutting, similar 
wheels of quartz or glass sand sould be made for 
wood cutting. 

The history of the matter thus far, however, 
points to one difference, namely, that in all suc- 
cessful attempts to sand-paper by power, the plane 
of rotation of the polishing aces has been 
ne to the face of the boards or pieces. We 

not in this remark include what is called 
buffing wheels, or cases where light pieces are 
held on -the periphery, and where such ‘pieces are 
small enough to vibrate with any irregularities of the 
surface coated with sand, in other words, we refer 
to cases where, by reason of weight, or the mode of 
holding, the wood cannot yield, and is ground or 
cut away to positive ions. 

The success of machinery of this kind, taking the 
endurance of the sand surface into account, has 
very constantly as the amount of elasticity, and 
whenever forced cutting has been attempted, the 
sand is thrown off by beating and softening the glue 
which held it, or particles becoming loosened 
and torn from their attachment. 


has been those wherein a small disc of 10:in, to 12 in. 


in diameter is faced with strong specially prepared 
sand-paper. This disc being mounted on a swing 


frame is moved irregularly over the surface of the 
wood by hand as the roughness may require. 

The sand used is made from a species of quartz 
found in Nova Scotia, and the paper from Manilla 
grass, with perhaps other fibrous material inter- 
mixed ; two webs are joined together so as to cross 
the fibre and addstrength. Fine strong glue, which 
will so far as ible resist heat and moisture, must 
be used in fixing the quartz. 

For machine purposes this sand-paper is made in 
continuous webs or sheets of any size if specially 
ordered, so that taking into account the number of 
machines made, and the quantity of machine paper 
manufactured, there can be no doubt at this time of 
the permanent success of sand-polishing machines 
for woodwork. 

Reciprocating machines for polishing wood 
mouldings have also been tried, but with what 
success there is not at hand any definite information, 
par yen movement, that is, rubbing backward 
and forward as in handwork, is, no doubt, the most 
efficient way of using sand-paper, because all 
of _ — - — ike, and Ayia ee ae 
marks will generally be parallel wi grain, but 
machines to operate on this method are unsteady 
and occupy a great deal of room. 

There is one fault in the use of sand-paper, 

especially in handwork, which may be mentioned, 
and which some attention will, in many cases, remedy, 
that is, the waste of so much of the sheets as is 
required in fastening or holding the paper. If 
the worn-out sheets about a wesd-weslian esta- 
blishment are examined it will be found in most 
cases that from one-fourth to one-half of the sheets 
have never been used for rubbing, but have been 
folded over the edges of blocks so as to be grasped 
by the workmen. 
If the sheets are cut in two so as to form pieces, 
say, 5in. by 8in., and these pieces folded twice 
the long way so as to form three layers with sand 
between each fold, such pieces can be used by 
placing them beneath a block of cork wood, or, 
what is better, a block of common wood faced with 
india-rubber. In this way the paper will not slip 
and the whole surface be worn alike. This method 
is, no doubt, a common one, but is by no means 
universal in our wood-working shops. 








BOILER AND ENGINE TRIALS AT THE 
SOUTH METROPOLITAN GAS WORKS. 
(Concluded from page 109.) 

Engine Trials. Observations.—We have already 
described the way in which observations were made 
during the engine trials. In Table V. we have 
arranged thé principal quantities observed in a form 
which can readily be compared with Table L. in our 
recent description of the Mulhouse engine trials.* 
Daring the first two days’ trials the speed was kept 
as steady as possible, and for this purpose the 
cut-off had to be altered every now and then; it 
was kept, however, between three-sixteenths “ bare” 
and one-quarter ‘‘ full” on the 19th December, and 
between five-sixteenths and seven-sixteenths of the 
stroke on the 20th December. Two sets of cards 
being taken every hour, and the speed being re- 
gistered exactly by a counter, it was assumed—and 
we think without sensible error—that the average of 
all the cards taken, at the mean counter 
would give the average power. Partly, however, as 
a check on this, and partly for other reasons, the 
third day's trial was conducted in a different way. 
It was endeavoured to keep the indicator cards as 
equal as possible, letting the difference come rather 
in the speed, which was allowed to vary a good deal 
and averaged, of course, by the counter. When 
necessary the boiler pressure was allowed a variation 
of 5 Ib, instead of altering the cut-off. In this way 
it was contrived to keep the cut-off at three-eighths 


hours for which the trial lasted,—during the remain- 
ing eighty minutes it had to be altered two or three 
times. e trial could not be prolon beyond 
seven hours, the work becoming rapi 


the results obtained on January 4th corroborate 

those of the two former trials. A discrepancy, 

however, occurs in the calculation of the heat - 

ing pa the ine, more auecaanda Ser 
yl. cent. 

ee Lond emetally checked over, but no error has 








In America the most successful type of machines 


being 
wasexpended. The figures 
* See page 21 of the present volume. 


during five hours forty minutes out of the seven | de 


been found inthem. As the earlier trials were con- 
siderably longer, and were conducted in the usual 
way, we should prefer to take their results (in the 
heat calculations) as representing the actual working 
during the trials. 

In celculating the indicated horse power the areas 
of the piston rods (see Table I.) have been taken 
into account. The indicator springs used. were 
tested by Professor Kennedy at University College, 
in an apparatus which he has devised for the purpose, 
by which he can measure the accuracy with whick 
the springs mark any icular pressure under 
circumstances very closely resembling those of the 
actual drawing of an indicator card. He found the 
coefficients of correction for the power to be 
0.986 for the average cards of the first day, and 
0.979 for the average cards of the pra. da 
These corrections are not made in the Table, how- 
ever, because it was only possible, at the time, to 
test two of the four springs in their own indicators, 
so that the correction for the others cannot be re- 
gaan as quite certain. The corrections given, 

owever, are no doubt very closely those which 
ought to be made, and (according to Professor 
Kennedy’s ane they are certainly not 
greater than the average correction which indicator 
cards require, a result also fully in agreement with 
Berndt’s experiments, 

The quantities _ in Column 20 are those given 
in Table IV., and already discussed. Column 21 
gives the difference between Column 20 and the 
whole water discharged from both the traps, this 
difference being credited to the engine as jacket 
water, although (as we have pointed out) it is 
probably enough a little in excess of the true amount. 

Resulis.—The calculated results of the engine 
tests are given,in Table VI., which is arranged 
similarly to Table II. of the Mulhouse trials (page 
21 ante). In describing the latter. we-went so fully 
into the methods of calculating the quantities given 
that it is unnecessary here to go over the same ground 
again. For such particulars as are not given here, 
therefore, we must refer any readers who may want 
information to our numbers of January 4th and 11th. 
Column 25 gives the whole measured quantity of 
water (per indicated horse power per hour), and de- 
ducting from this Column 26, which corresponds to 
Column 20 of Table V., we get the figures in 
Column 27 as representing very closely the amount 
of water used per horse power Sod hour by the en- 
gine, including the jacket. This consumption of 
water is naturally larger than at Mulhouse, where 
there were much larger engines, doing four times as 
much work, It is scarcely necessary, however, to 
point out that itis exceedingly satisfactory for a com- 
paratively small engine like this, working simply in 
its ordinary fashion and without any more special 
measures for economising than are used by Messrs. 
Donkin in the engines made by them for ordi- 
nary factory use. The water accounted for by 
calculation is given in Columns 28, 29, and 30. 
Comparing Columns 27 and 30 it will be seen that 
the Sg of water unaccounted for is very 
small. Columns 31, 32, and 33 are calculated from 
the average indicator cards, and must be taken as 
approximate com The steam was measured at the 
end of the e in each card, and the pressure of 
release estimated by carrying on the expansion line 
to the end. A correction been ‘made for the 
probable error of the aon = determined by the 
experiments mentioned above), and the steam 
left in the cylinders by compression is of course 
allowed for. On the last two days (when the 
expansion was a good deal less than on the first day) 
there seems to have been practically the same weight 
of steam in the high-pressure and the low-pressure 
cylinders at the end of the strokeof each, On the 
first day there was sensible re-evaporation during 
expansion in the low-pressure cylinder. Butcom- 

ing Column 32 with Column 28, it will be seen 
cow great a re-evaporation must have taken place 
while the low-pressure cylinder was open to the con- 

































nser. 
Columns 34, 35, and 36 refer to the condensing 
water. Column 35 is specially interesting. We do 
not remember having ever seen 80 @ vacuum 


variable | maintained with the use of such a very small supply 
late in the evening. Substantially, as will be seen, | of water. The mean quantity of cog water 


theoretically required for the of 
the three days is 18.6 Ib. per pound of steam con- 
apna the mean quantity actually used is only 
20.1 Ib. 

_ +“ heat ene gx - — is given in 
Columns 37 to 45 of Table VI. ee diture 
given in Column 37 includes the conbenaton in the 
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further comment or explanation on our part. It will 
iven to one place of decimals 
s the results are given to 











either three or four In spite of all the care 
that has been taken it is not likely that (in most 
cases) more than three figures can be relied on. 
Tapie VIII.—Summary. 
Date .. se see ee wwe | Dec. 19| Dec. Jan. 4 
Duration of trial oe nae RA pA ps q 
eee eee! |. im ® 

Geaneis ta ecntpae —— in. 27.9 | 280 | 27.5 
Revolutions per minute... .. ...| 519 68.0 703 
Total indicated horse — i. =e 48.1 48.5 
Pounds of water aan par indicated 

horse power ee oe «| 235 23.7 23.4 
Total heat 0 

et thermal! units) 451.0 | 499.0 | 486.0 

Shak of task ean Sof Coke | { Welsh) Welsh 
Wi evaporated fue: 

(from and at 712 dee Bs 3 ee 114 8.0 
Pounds of fuel per horse 

power per hour ... | 28 3.6 
Pounds of fuel per square foot grate per ne on a 
Cost of fuel per indicated horse power : 

per hour (at water consumption given 

above) ove eos . pence} 0,228 0.254 0.365 















ft 


There are many points of complexity in the work- 
ing of the steam engine which require long and 
careful investigation, and many others which, while 
they have certainly been investigated, are yet by no 
means generally understood, greatly owing to the 
fact that the results of the experiments made are not 

erally accessible. Messrs. Donkin deserve the 
thanks of all engineers, not only for the work 
which they have done for many years in this matter, 
but for their liberality in placing their results at the 
et ye of all who care to know them. We can 
only wish that such an excellent example were more 
generally followed by our leading steam engine 
makers throughout the country. 

K. 





HORIZONTAL FANS FOR FEEDING 
FURNACES. 
By Joseru J. BuTcHer. 
(Continued from page 79.) 

One of the most marked differences between 
doing work by machine and doing it by hand is the 
want of the immediate influence of intelligent control 
upon the work done, and the result of this difference 
is that, to realise the full benefits from the mecha- 
nical ormance of work, a greater uniformity and 

ision of action must be attained than that reached 
without the aid of machines. On the other hand it 
is evident that a perfected machine which, upon the 
principle described, would always keep a fire in a 
uniform condition—uniform both. in re to time 
and to the various parts of the fire itself—would 
greatly simplify the chemical requirements. For 
of having to deal with a furnace whose heat 
was inconstant, and whose demands upon the air 
varied inversely with its capacity for aimitting it, 
we should simply have to correct the wants of one 
whose conditions were almost invariable, and where 
the chief question remaining was the adjustment of 
the draught to the required feed. And if this last 
condition were satisfied, there would ve no need of 
admitting avy air other than through the furnace 
bed, where oe mixture would take place in the 
natural course things, as acterte 5 explained, 
and the surfaces of contact between the gaseous 
streams being both numerous and of large aggregate 
area, combustion would be completed almost 
instan 


As its always desirable to have an ideal standard 
of excellence which to gauge and correct our 
we now state what appear to us to be 
the.qualities that should be found in a perfect ma- 
chine of this description. For the object in view it 


than it is at present possible fully to realise, but it 
will not be, therefore, less useful as a measure by 
which our readers can judge of the utility of what 
does seem attainable. 
s TABLE Fas 

ji Jt should admit of rwyh of coal within the usual 
limits ? ordinary condition. 

shen ie aus of supplying any required 


3 equired it sh 
weights on equal areas. : 

4. It should admit of the adjustments of the weights 
being supplied upon given part of the grate, so as to 
acco: te it to the or temporary circumstances 
of air supply and heat. i 

5. It must require but little driving power. 

Economy of Labour. cap Sh 

6. The labour entailed both in working it and keeping it 
i ired for hand-firing. 


ld be capable of supplying equal 





Of the first and sixth of these qualities much 








will be well to make this standard of a higher order 


might be said, but they do not come within the 
scope of our present subject, so we will only 


{ | 





Fu. I. 








may be. The wagons of small coal are brought 
out one at a time over the hopper bottom A, Fig. 
1, and the bottom boards let down so that the coal 
may run freely into it. From this hopper the worm. 
shown in dotted lines, draws the entire papery © feel 

are in 


required for seven ‘three of whi 
the At the end A the worm has only.a small 
diameter, so that the coal it continuously 


of 
withdraws will ony sit the threads of the main 
part over the furnaces about one-third full. This 
effectually prevents an overload of coal, from which 
cause choking usually results. Figs. 4 and 3 
show the junctions between the worm trough and 
the various furnace feeders; d is a recess in the 
bottom of the trough through which a constant 
stream of - is a by the Seo pn and 
this recess is kept always y the supply passing 
over it. The oes feeding the furnaces draw 
their supplies from this recess by means of a small 
ram, the traverse of which is —— working 
within the recess d, and gradually thrusting the 
contents over the edge 4, Fig. 4, which lies beyond 
the angle of re of the coal. Thus it may be 
said that the trough BB, Fig. 1, is a ‘ main” 
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remark that, while the best machines are capable 
of dealing with the former effectually, it is a 
fact that, in the most recent arrangements, a// 
labour attendant upon handling the coal has been 
removed, it being fed direct from the wagon 
or bunker into the fire. One method designed 
by the present writer and successfully adopted 
may be seen at Seghill Colliery, Northumberland, 
where no little thanks are due to the enterprise 
of Mr. Laycock, and the intelligent assistance of 
the engineer Mr. W. O. Johnson, for contributing 
to this happy result. Fi 1 to 5 show the 
general arrangement and details of the feeding 
worm, which has been x renee designed so that it 
may never choke in whatever condition the coal 








along which a stream of coal is flowing, from which 
it is tapped in any required quantities by the ma- 
chines ec. &e., which in turn distribute it over the 
various furnaces. The whole arrangement may be 
compared to the usual system of water supply from 
one reservoir to each individual house in the 
district. Figs. 2 and 3 are transverse and longi- 
tudinal sections of the worm itself. A A shows the 
method of hanging it in brass bearings from above. 
The hangers aaaare only just thick en to be 
perfectly rigid, and form no impediment to the pass- 
ing coal. ‘The bearings themselves are scarcely any 

r in diameter than the stem of the worm 6 4’, and 
their length being only 3 in., for that only is 
the thread of the worm broken. By this means the 
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coal is thrust past the hangers without any per- | the necessity of this point, that such a defect must 


ceptible rise whatever, and no instance has yet 
occurred of choking. BB, Figs. 2 and 3, is the 
shaft upon which the cast-iron lengths of worm 
are threaded ; c is acollar, first turned on the shaft 
and then cut out so as to form a quadrant clutch, 
which at the same time drives and takes up the 
thrust of all those lengths of worm between it and 
the next hanger. The mode of coupling is shown 
at the left-hand side of the figure, the coupling in 
each case being immediately behind the bearing. It 
will be seen that the shafts are scarfed into one 
another in a similar manner to the method in use 
for spear rods, and a cast malleable length of worm 
properly strengthened is driven on over the joint. 
This plan has enabled the writer not only to make 
the couplings perfectly sound and strong, but to 
avoid any interference, however slight, with the free 
passage of the coal. Great care has been taken by 
the manufacturers, Messrs. Clarke, Chapman, and 
Gurney, of Gateshead-on-Tyne, to execute the 
work in the best possible style, and the writer 
owes especial thanks to Mr. Clarke for his anxious 
attention to, and advice in, the matter. 

In reference to the second, fifth, and eighth con- 
ditions (see Table I.), we may say, and we do so with 
unqualified’pleasure, that they have been realised by 
the machines by various makers, and althoug 
it would be too much to say that they existed in 
nearly all those that have been pressedinto the market, 
it would be a thankless task for us to point out those 
in which they are wanting. To the careful dis- 
cussion of the third and fourth conditions the re- 
mainder of these articles will be devoted. 

We think it is very generally known among 
those who have had a practical acquaintance with 
this kind of machine—and they form a con- 
siderable proportion of engineers and manufac- 
turers—that, although it is often sold as capable 
of what is called ‘level distribution,” that is of 
throwing equal weights of coal upon equal areas 
at various ag of the grate ace, it is never 
found capable of doing so. The fact is often some- 
what obscured by the too constant raking and re- 
levelling of the fire by the stoker, but it will be gene- 
rally found upon inquiry, or by half an hour’s ob- 
servation without raking, that, although the coal is 
dispersed all over the grate, a ter amount is 
thrown upon some parts than upon others. It might 
be thought, considering how we have insisted upon 





be fatal to the machine’s economy when competing |. 


with hand-firing. but, although it of course cannot 
be so economical as it would be if it did its work 
more perfectly, direct experiment has often proved 
that it was notso. And this fact is accounted for by 
remembering that in the first case the hand-firing 
against which it has to compete is not always the 
best possible, is not always equal to the example 
which we have given in an soleus page, while the 
fact that the machine is continuously dispersing the 
coal with closed fire-doors is a positive advantage 
weighing greatly in its favour. Besides the ma- 
chines distributing coal over the top of the fire, 
two other types of furnace feeders have appeared 
prominently in the market, but both of them 
involve radical changes in the mode of firing. 
One of these classes of machines is represented 
by the Jukes grate, in which the coal is intro- 
duced in a thick layer and cold into the front 
of the grate, and is removed burnt out from 
the back of the grate. Here the three conditions 
spoken of as occurring in hand-firing at different 
times are all present at the same time. In the former 
there is a period of overcharge of coal, a period (in- 
termediate) of balance, and a period of overcharge 
of air; in the latter there is a position of overcharge 
of coal (at the front of the fire), a position (interme- 
diate) of balance, and a position of overcharge of 
air (at the back of the re), In the former the 
mixture of gases takes place in numberless minute 
streams throughout the entire area of the grate, in 
the latter the great mass of the coal gas is evolved 
at the front of the grate, and the great mass of the 
air is injected at the back. Of the other class of 
machines mentioned Mr, Frisbie’s is the chief 
representative. It includes all attempts to intro- 
duce coal underneath the fire, and however various 
may be the opinions as to the way in which por 
have fulfilled their task, our readers will agree wit 
us that they at best proceed upon a principle radi- 
cally different from that of hand-firing. 
(To be continued.) 





THE PENNSYLVANIA RAILROAD. 
No. LIX.—MaInTENANCE OF WaAY—(concluded.) 

Mr. Rosert Pircarrn, locomotive superintendent 
of the Pittsburgh Division of the Pennsylvania 
Railroad, has deyised a very effective apparatus for 
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indicating the irregularities in the permanent way, 
low joints, &c. It is illustrated on 122, and 
consists of a large frame, which can be attached to 
the footplate of an engine or toa car. Te the sole- 
plate of the frame and in the centre of its width 
are bolted two standards, between which stands a 


long flexible steel plate 13 in. wide and # in. thick 
in the middle. To the bs hoa end of the plate is 
fixed a heavy hammer head. The flexibility of the 


strip can be adjusted by means of the four set 
screws passing through the standards. Near the 
upper part of the frame horizontal grooves are 
formed by strips bolted on, and in these grooves 
slide-two plates carrying each a bell and an indi- 
cator. These plates are coupled to a m of 
articulated levers, by which their positions in relation 
to the hammer can be varied. wer down, and 
on each side of the frame, are two swinging arms 
turning on pins, and so arranged that they can be 
locked in any desired position, as shown by the 
dotted lines. These arms carry each a hammer, 
bell, and indicator, similar to those already described 
but smaller. The action of the —— is of 
course very simple. The hammers when in use are 
adjusted so as not to strike the bell when the train 
on which it is carried is passing over track in — 
order, but every bad joint, or sunken rail, is indi- 
cated by a stroke on the bell, and is at the same time 
recorded. The action of this apparatus is so suc- 
cessful that almost every imperfection can be de- 
tected and repaired by running twice over the road. 

On the United Railroads of New Jersey the single 
track mileage open for the year under consideration 
was as follows ; 


Main line, including sidings or 1 

» inelu si % 
Branches owned . oes i * 124.3 
Private sidings 3.3 
781.7 


Total SF 
The length of line laid during the year 
in Table LXII. 


is given 


TasLE No. LXII.—Mileage of Track and Sidings, laid 

on the United Railways of New Jersey, 1875. 
Second, third, and fourth tracks : miles. feet. 
New York Division Aas 
Amboy n bee Re woe 
Sidings, New York D ae om 2 a8 

idi ew York Division ... pes 

» Amboy ett tie + tease ae 
Total re: We 
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TABLE No. LKV.—COST OF MAINTENANCE OF PASSENGER AND FREIGHT CARS. 







































































| 
‘y! PannsYLYANIA RarLRoaD Division. a —— gta ns | PHILADELPHIA AND ERIE Division, 
Passenger. Freight. 4 a4 Passenger. Freight. | F, $e | Passenger. Freight. 2 44 
: Pu . A - 
MAINTENANCE OF Cans. ea led “Es 
° ° ° 
Se f 3 = | “SS 
P P a Percentage Percen we Percen’ Pe 2 
§ ot Gar of Totalot Gar = of Total 8 & 3 s|of Car — of Total of Car — of otal 8 5 ; of Car — of Totallof Car — of stall 2.8 ; 
: Expenses. ses. : HE : Expenses. Expenses. . re nses. es. E be : 
Z &* a“ * & 20 
spate am : 
Car shops and repairs of ., -920} .0350 2.141} .1342 -1692| 2.147 y 2.155 -0824 -1614 | .220 -0052 383 0214 -0266 
H Cars, repairs, fattest and wood ... 253 | .0096 484 .0303 .0899 683 0217 601 .0289 -0506 531 .0127 1.100 -0616 0743 
8 |Cars, repaiteiof'feeight |... w/o u- ) 96.883 | 5.6553 | 5.6553}... ww» >} 92.020 | 3.5188 | 3.5188 | |. - | 90.146 | 5.0220 | 5.0220 
" ase bee ove ap .| 91.825 | 3.4810 ove te 3.4810 | 91.870 | 3.4135 at eco 3.4135 | 95.076 | 2.2861 s bee 2.2861 
5 iF ‘or stoves ie ~ ‘ -087 | .0014 086 .0154 0168 147 0055 019 0007 -0062 -124 | .0030 |) .220 0223 0253 
6 |Incidentals ... wd ms -169 | .0064 393 | .0346 0410 125 0046 012 -0004' | .0050 1124 .0030 219 .0220 .0250 
7 |Lal ove mm 2.358 | .0900 5.485 | .3407 4307 | 3.266 -121é 3.300 -1257 2472 2.322 -0657 4.744 3656 4313 
8 |Tools and repairs of tools ... 1.356 | .0517 3.114; .1952 .2469 | - 925 OBL -962 0866 0710 -752 .0273 1.483 0834 -1107 
9 |W nee > 664; .0253 1.514; .0949 -1202 837 0311 ).931 0354 | .0665 | 8.51 0204 | 1,705 0954 1158 
10 | Interest on valne of passenger and ; ‘ 
cars os 2.418 | .0921 oe .0921 eg . 
Averages «+-| 100,000 | 3.7925 | 100.000 | 6.5006 |'10.2931 | 100.00 | 8.7213"; 100.00 | 3.8289 7.5402 100.000 | 2.4234 /100.000 | 5.69387.| 8.1171 
removed, New of New Jersey and the Philadelphia and Erie Rail- | The ave working pressure’ of ‘ll the boilers that 
York Division... Pr 8950 ft. road, are given.in Table LVIL. (page 100 ante). burst was 50 Ib., so that the san eB ale not as a rule 
Less tracks removed, Am- due to a high pressure of In oné case the pressure 
boy Division ... — ... 6 m. 5230 ft. MAINTENANCE OF Cars. - | was 20 Ib., and in others 30 Ib. per square inch. 
pamemnccentin, + SEOe Table No, LXV. gives similar information as to | _ By far the greater number of explosions during the year 
Total cocend, thind. ent Qesth tenths eee maintenance of cars to that contained in Table LVII. wicks have tom meena ie a and maleonstenotion, and 
second, » aD . . competent inspection. 
‘an com ’s 78 . 8 $120 for maintenance of way: The total expenditure for Three of the persons killed were outside the works at 
Private , New York Division... 0 871 the year under this head was a proximately : Penn- which the explosions occurred. One wasachild 17 months 
a Amboy oe om Si nee sylvania Railroad Division, 242,500/. ; << Rail- be playing b food on gendaeso “s one oe . , 
=; omen roads 000/.: Philadelphi fragment of the TO , and, fall- 
Total ... 3 4233 of Now Jersey, 89,000/,; Philadelphis and | oon the child, killed it on the spot” A second was lad 


The following material was used in constructing 
new works: 


Steel rails... 21) tons 1,329 Ib. 
Iron ” 220 ” 1,265 ” 
Spikes... Se 
Fishplates... eve —— 
Sleepers... 06s ese dee : 12, 
The total amount of material employed in the 
maintenance of the United Railroads of New Jersey 


is given in Table LXIIL. ; 
Taiz No. LXIII.— Total Amount of Material Employed. 








New York Amboy Belvidere 

Division. Division. Division. 
Steel rails tons 3,531 361 478 
Iron ,, 9 40 712 717 
Spikes ... Ib.| 220,827 72,555 50,843 
Fishplates pairs} 30,500 3,276 2,802 
Sleepers ... | 119,546 41,353 51,585 














The total length of the Philadelphia and Etie 
Railroad was: 





Length of main track including com- miles. 
pany’s sidings ... wee ote ous 421.975 
Privatesidings ... 14.852 
Total eee ° 436.827 
In works of construction the following material 
was employed : : 
Tron rai ooo 93 tons 
Fishplates 682 pairs 
anon 2 
leepers ... 3425 
Spikes .. ... 2957 Ib. 
Switch timbers... eve 5 sets 


And in maintenance of way as shown in 
Table LXIV : 


Taste No. LXIV.—Material used in Maintenance of 
Way, Philadelphia and Erie Railway. 





























— (Hdl, 
Bre} 2\ 3 j 
Western Division tonsitons| Ib. lb. 
Erie to Kane... _...| 998| 697| 5,832/ 33,035 | 17,894 
Middle Division : 
Kane to Renovo __ ...|1875| 667, 8,079] 41,980 | 56,859 
Eastern Division : 
Renovo to Salisbury|1800| 795| 7,668| 58,987 | 42,853 
Totals... 4179}2000|21,579 133,952 [117,546 





The percentages of the different items in the 
maintenance of way, both for the United Railroads 


Erie, 35,600/.; and Belvidere Division, 17,200/. 


BOILER EXPLOSIONS. 

THE annual re of the Manchester Steam Users’ Asso- 
ciation, presented by Mr. L. E. Fletcher, the Chief Engi- 
neer, at a recent meeting of the Executive Committee— 
the President, Mr. Hugh Mason, in the chair—states that 
the Association made during the past year 9712 boiler 
examinations, of which 3066 were ‘‘ entire,’’ 103 ‘‘ in- 
ternal,’’ 36 ‘‘ flue,’ and 6507 ‘‘ external,”’ the “ entire,” 
the ‘“‘ internal,’’ and the “‘ flue” examinations being made 
with the boilers at rest and prepared, so that the inspec- 
tors could get inside and pass up the flues as necessary, 
and the ‘‘ external’’ examinations being made with the 
boilers at work under steam. These examinations have 
revealed 1402 defects, such as wasting of the plates from 
external or internal corrosion, fractures, fittings out of 
order, &c., 51 of which were dangerous. 

During the year 1877, 37 explosions occurred, killing 52 
persons and injuring 65 others. The average for the pre- 

ing ten years was 49 explosions, killing 64 persons and 
injuring 101 others, so that the number of explosions for 
1877 was a little below that average, possibly due to the 
depression of trade and the consequent reduction of the 
number of boilers at work, which at iron works and col- 
lieries must be considerable. 

In addition to the explosions arising from steam boilers 
there were nine others, which are termed ‘“‘ minor berg 
sions,”’ due to the bursting of steam pipes, &c., and by 
which 4 persons were killed and 6 others injured. The 
following are one or two illustrations: On Jan 2la 
man was scalded to death through taking off the k 
mya a steam pipe before the steam was fairly down. 
On October 19 an engineman at a cotton mill was severely 
scalded, when in the act of opening the stop-valve on the 
top of a boiler, through the bursting of the valve box in 
consequence of the lodgment of water in the steam pipe, 
which was due to the m ent of the pipe,and 
want of sufficient drainage. On October 22 a similar case 
occurred at another cotton mill, killing 2 persons. Suitable 
drain pipes should be fixed at any point in the steam pipes 
where water is liable to lodge, so as to let off the water 
formed by condensation before the stop-valves are opened 
and a rush of steam set up, by which a ‘‘ water hammer” 
action inside the pipes is induced, which does the mischief. 
On November 27, one man was scalded to death and 3 others 
seriously injured by the sudden discharge of steam from 
two low-water safety valves. This would not have occurred 
had the valves been suitably bonneted and — with 
ane for i waste steam to the outside 
of the er-house. The weights on lever safety valves 
should be secured in position to prevent their being acci- 
dentally shifted. Two ‘‘ feed-water heater’’ explosions 
occurred. The first was due to the peculiar construction 
of the heater, which consisted of one pipe upwards of half 
a mile long, os a number of ugh which 
the water to re ye aes ony ere the pump to 
the boiler. The second ‘‘ feed-water heater’’ explosion 
was due to an accumulation of consequent on the 
safety valye becoming choked with incrustation. The 
safety valves of ‘‘ feed-water heaters” should be strictly 

to see that they 

















10 years old, who was standing on a public quay at the time. 
A was @ woman lying in bed on the opposite side of 
the street in which the explosion » the débris 
being shot against her house with such violence that it fell 
to the ground, burying her in the ruins. These cases 
show that those living in the neighbourhood of boilers are 
in actual er unless every precaution is taken to insure 
the boilers being suitable for their work. A system of 
competent independent inspection would secure ,this, and 
the Associa tion urges that it has become the duty of the 
Government to enforce this simple precaution in the interest 
of the public safety. 

The Association combats the statement made in the 
Report of the Select Committee of the House of Commons, 
on “‘ Steam Boiler Explosions” in 1871, that ‘‘ compulsory 
pm rs would lesson the nsibility of boiler owners, 

that owners are the best able to ascertain the condition 
of their own boilers,” pointing out that in three cases dur- 
ing the past year, owners themselves, though minding 
their own boilers, were killed. In instance the cause 
of the explosion was the wasted condition of the boiler, and 
had the owners placed the boilers under competent inspec- 
tion, the explosions would have been prevented and their 
livessaved. The transference of responsibility by no means 
implies a shirking or evasion of responsibility. ‘The reten- 
tion of the responsibility by the owners cost them their 
lives. The Association considers that the statement of the 
Select Committee is opposed to the entire experience of 
the Association’s working for years. 
_ The Association recommends that a competent court of 
inquiry, totally distinct from the coroner’s court, should 
be 1 papery to investigate every boiler osion whether 
fatal or not. In the event of colliery e ions, railway 
collisions, the loss of vessels at sea, &c., and also on the 
oceurrence of a boiler explosion on board a passenger 
steamer, investigations are at present made by a court in- 
dependent of the coroner’s, and more competent to deal 
with technical questions. It is, therefore, an anomaly 
that an investigation apart from the coroner’s court is not 
de in the event of boiler explosions on land. The ex- 
— of the past year sho that coroners’ juries, 
owever competent they might be to deal with criminal 
questions, were not competent to deal with the scientific 
questions involved in the investigation of boiler explosions. 
eres past year there have been indicated and in- 
sper y the Association 176 engines, comprising 
cylinders, many of the — being compound, and de- 
veloping 23,508 indicated horse power. Striking an ex- 
ded average it was found that in com d co! i 
engines, with a mean boiler pressure of Ib., the con- 
sumption of coal per indicated horse power 
4.79 lb. gross, and 3.5 lb. net; while in sing’ 
condensing engines, with a mean boiler pressure of 47.5 lb., 
the consumption of coal was 5.85 Ib. gross, and 4.58 lb. net. 

A careful test has been made to ascertain the comparative 
economy of mechanical firing or hand firing, while arrange- 
ments are completed for o' trials on a more extensive 


‘An evaporative test of a Sinclair water pipe externally 
fired high- boiler showed that the boiler evapo- 
rated 7:23 1b. of water pound of Scotch coal from the 
eae as ape 

a Fi 
of 30 Ib. to 35b. ik 


The Association urges on the Government to take actio 
for the prevention of steam boiler explosions, stating tha 


i 


es 
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fifty or sixty deaths per annum do not represent the entire 
amount of suffering involved, as a greater number of 
persons are injured, while many of those killed, and of 
those injured are bread-winners on whom the support 
of others depends. The extension of the principle of inde- 
pendent periodical inspection would reduce this sufferiag to 
@ minimum. 








NOTES ON THE MASONRY OF THE EAST 
RIVER BRIDGE,* 
By Francis CoLLINGwoop, C.E. 
(Continued from page 54.) 

11. Method of Erection.—When the timber courses in 
the foundations were completed, three setting derricks 
were erected, one near the centre of each shaft. These 
had masts of 56 ft. height, with cross-booms 35 ft. up, and 
strong back stays to take the thrust. The booms were 
horizontal, with a buggy traversing their length, so that 
the derrick commanded the entire area of a circle of about 
35 ft. radius. (See the er Sons in this number.) 

In Brooklyn, permanent hold-backs (dead men) were 
for guying to; the system of guys being rectangular, and 
the three derricks being connected by sky-guys. This re- 

unired a constant tightening of guys during the sinking of 

the caisson. In New York, the guys were attached to the 
top of heavy inclined struts 40ft. to 45ft. long, by eye- 
bolts with long screw threads for adjusting. The struts 
were double, with a crosshead of oak. On each side of the 
bolt for the sky-guy was another bolt for connecting the 
holding down rods ; these were finally anchored to heavy 
screw bolts in the timber below the masonry. The struts 
used at first had a spread of 6ft. at the base, and the rods 
of 3 ft. As the work advanced and the rods were lengthened, 
this was found to lack in stability, and the spread was in- 
creased to.9 ft. and 6ft. respectively. : 

In computing the dimensions of temporary ironwork in 
detail, a load on wrought iron of 10 tons was always 
assumed and maximum strains of 8 tons per square inch 
allowed ;.the best Ulster iron being used, and for guys, 
steel or iron ropes. } ; ; 

For derrick falls, Manilla rope of best quality (44 in. 
circumference) was always used ; and no rope allowed to be 
used after it became seriously chafed by wear.t 

But two serious failures have occ’ with these derricks. 
The first was by splitting of a cast-iron rope socket on a 
back stay, when lifting a very heavy stone. On —- 
tion it was found that the sockets were too light for the 
work, and a heavier pattern was made which fully met 
the difficulty. The second failure was from an unsound 
weld in the eye of a closed wrought-iron wire — socket. 

The open or two-jawed sockets have since been adopted, as 
being safer, and free from any such danger. This socket 
was also on a back stay. 

With these derricks, a rise of masonry of 20 ft. to 28 ft. 
could be set without a change of position; small holes 
being left in the masonry at the points occupied by the 
derricks, which could be filled after the derricks were raised. 
The cast-iron footstep of the derricks had wrought-iron rings 
in top by which they could be withdrawn, thus saving their 
renewal. 

At each successive raising, wrought-iron brackets were 
inserted in the masonry, as supports for the feet of the 
derrick struts. By having the ironwork prepared in 
advance, about one week was required for raising the three 
derricks on a pier, and about ten days for the six derricks 
on either anchorage. About 80 ft. in height of the Brooklyn 
tower (above tide), and 120ft. of the New York tower, 
were thus laid. 

As a hoist of 40 ft. required 160 ft. of rope to be coiled on 
the drum of an engine, it was found to be inconvenient to 
take more than this height for a single hoist ; hence when 
this height was reached a tall derrick was erected $F ee: 
level, which raised all materials to a platform pl along 
the face of the tower. A railroad track on this served for 
fee is the stone within reach of either of the setting 

erricks. 

In New York, at 80ft. height, a second track was built, 
and the hoist taken to this from the ground by a gaff 
attached to the face of the tower. To accommodate the 
increased length of rope, a smaller drum was made for the 
engine, so as to avoid the increased leverage caused by 
the extra turns. 

The derricks used in unloading from the stone scows, and 
all those used at the stone yard, had the fall from the 
—_ pass up through a hole in the centre of the footstep 
and spindle, and out along -the inclined boom to a block at 
its upper end. 

The disadvantage of these derricks for stone setting, is 
that they only act on the circumference of a circle, and 
require the boom to be raised or lowered, to reach other 
points. Most of these were arranged with two fixed inclined 
struts from the head of masts, for ae. 

ere were several failures of the derricks with inclined 
struts—all resulting from the upward thrust from the strut, 
when a stone was suspended with boom towards the strut— 
first, from the b: ing of the iron — clasping the 
strut, at its head (and in the end of which the derrick pin 
turns); and, second, from the pin in head of mast 
pulled out (not being securely fastened). Another canse 


failure was, the splitting of the footstep ; caused by the sides | then acted 





.* Paper read before the American Society of Civil En- 


gineers. 
a t No case of breakage of a fall ever occurred. Great 
care was always taken in leadin got te 
When possible, no leading block was put mearer to 

drum t 20ft., and the first blocks (which were usually 
permanent) were 18 in. iron sheaves lined with metalline, 
some of which has now been in.constant use for eig 
months, with no perceptible wear. It has been found 
economical to turn the grooves of all sheaves, as a large 


teen | £5 


of the holenot being chamfered enough toallow lateral motion 
of the mast head. In one case the pin at the mast head 
(24 in. in diameter) broke square across, after about four 
years constant service. 

stones were received, measured, assorted, and 
stored at the stone yard at Red Hook, where 15 derricks 
and 3 steam engines were in constant use. 

At each anchorage 6 derricks similar to those used at first 
on the towers, were employed. The guying was in one 
system, requiring 7 sky-guys and 10 inclined guys, the load 
assumed being 8 tons, on each of two derricks hanging in 
the a direction ; this load was very rarely if ever 
reached. 

From the heights previously named the towers were com- 
pleted by the use of balance-setting derricks and a tra- 
velling crane ; the stone being hoisted to them by a 25 horse 

wer nominal engine, link motion, geared to two heavy 


anchored to the masonry at about every 12 ft. of height. 
The verticals of thi i 


his scaffolding were compound 
iis plouke Teck jolcin eusiasiny Geese Sepetoay sgtiene 

e roke join ly, were ly 8 K 
and through screw bolts placed at intervals. Each rope 
passed over a large wood lined sheave 4ft. in diameter 
which was supported by a heavy oak frame securely guyed 
to the masonry, irons being inserted for the purpose. 

The vertical support of each frame was a compound 
beam of eight p and a centre piece. It was securel 
strutted and anchored to the masonry and the eleva‘ 

latform. The platform and frames were raised ordinarily 
for every 8 ft. rise of masonry. The drums were disconnected 
for Bawmed ganic 4 and enough rope unrove to allow of the 
in 


inc height. 

A wire rops we line joined the hooks of the two 
hoisting ropes, so that as one was raised the other was 
hauled down by the line. As only one of masons 
worked on the tower, this was found to all that was 
required, as the hoisting could be done faster than the 
setting. 

The average speed of hoisting was from 1ft. to 2 ft. 
persecond. A greater aoe was not desirable, on account 

y 


of the difficulty in pro; “handling the line. 
Owing to the great h of the inclined portion of the 
ropes, there was a tendency in them to take up a vibratory 


motion, synchronous with the strokes of the engine, and the 
engineers were always instructed to change the engine 
speed occasionally, to arrest this action. 

A double engine with cranks at right angles, would, on 
several accounts, have been preferable to the one adopted, 
chiefly for greater smoothness of action in lowering. The 
jerks accom ing this, particularly when with a heavy 
oad, brought severe strains on all the attachments; for- 
tunately, the occasions when such loads were lowered were 
very rare. 

e balance derricks on the towers had arms of equal 
length, and the balanceweights used were sufficient to 
balance safely a load of 6 tons. When stones heavier than 
this were being handled, the balance end was chained down 
to stones already set, until the ‘stone was run in far enough 
to be balanced by the weight. Struts under the boom were 
moh ag used in setting a heavy stone at the end of the 

m. 

It was found most convenient to set a portion of the 
stones at the points midway between the derricks, by using 
a heavy oak beam suspended between the derricks, the 
stone being suspended and set from the centre of the 


beam. 

On the Brooklyn tower these derricks were worked b: 
small steam — placed on them, and travelli pmol 
with them. The steam was brought up from the yard 
below in iron pipes, and carried to the engines in rubber 


hose. 

The travelling cranes were used only on the central shafts, 
and when interfered with by the arc were replaced 
by balance derricks. The cranes tra in two direc- 


tions, so as to reach every point underneath, and they were 
supported %, scaffolding similar to that for the elevated 
platforms. They are safer than the balance derricks, and 
wi eagles etl oe tok Sek dls eh i eal 
engines used on the wor! ose 
of, were of two kinds. In the ficst, an end V friction on 
one end of the drum was used for ing in gear, in 
lace of a clutch; and the lowering was done by a stra 
ed at the other end of the drum. These work wi 
entire safety, but the descent of a stone in setting could 
not be gove so well as with the other style, which had 
a clutch on the driving shaft for throwing in gear, and a 
strap brake on the drum for holding the load. Most of 
these had two drums, each worked by a cylinder 8 in. in 
ag ans | and 10in. a ids basins 
‘or all ordinary weights wi! 
was’ hipensoliy, saevicl’ ot Saute. podlemiode tie ae 
was frequently carried a‘ 3 when 
hoist was up to 80ft. The lowering and netting (the second 
type of engine was used at pepe sta for purpose) 
wi tom are Sone by shutting off steam, and opening to 
a greater or 
the valve chest. ith the descending the piston 
as an air pump, and the of descent 
depended entirely upon the quantity air allowed to 
escape. F 
Th dévenigoment of Works.—From the very 
this work, the fact that steam pepw noes 
labour has been kept steadily in view. At stone yard 
the fifteen derricks mentioned 80 
could be worked by steam, a 
tracks were laid so that 
on small stone cars with the least 








saving in wear results from so doing. 


to 9 tons, steam | ¢ in. 


a small escape cock, connected with | advisable 


At the towers and anchorages, the permanent tracks were 
of ordinary gauge, 4 ft. 8}in., and turntables and switches 
put in where required for convenient working. The 
advantages of the wider gauge 
danger of upsetting a car with a cog dhgeow 
Brooklyn, the saving made by using 
for the distance of a block. Until the masonry of the New 
York tower reached high water, there were two tracks 
extended directly over the work to about the middle points 
between the derricks. These were on can . 
8o as to be entirely free from the below, and proved a 
great convenience. . The tracks to the anch were 
made double (except in Water-street, New York, which was 
too narrow), and curves were put in wherever observation 
showed that by so doing any obstruction of frequent 
occurrence could be avoided, such as trucks unloading at a 
bonded warehouse. On the New York side, the anchor 


rums carrying wire rope, of 14 in. in diameter. These | plates, m ing 16ft. by 17} ft., and weighing 23 tons, 
hoisted the inde to, and through, an elevated platform, | were trans from the dock to the anchorage over these 
supported by scaffolding resting on the ground, and | tracks. h plate was s ded between two cars, on a 


juspen: 
simple framework of timber about 30 ft. long; the cars 
acting as bogies. @ curves in the track, one of which 
was of 34 ft. radius, were greased, and with two teams of 
horses, the — were each hauled to the anchorage 1000 ft. 
distant, in 14 to 2 minutes. 
(To be continued.) 





Tue Sr. GorHarp TunNnEL.—Up to the first of the 
current month, 321,108 ft. of the St. Gothard Tunnel had 
been orated, 16,800 ft. at the north (Goeschenen) end, 
and 15,308 ft. at the south (Airolo) end. At present the 
work is rendered Mey Bars 1 On the north side for the 
last three months the borings have h serpentine, 
and on the south side through broken rock, which has re- 
quired the possible precaution to deal with. The 
mean progress has not lately exceeded 13 ft. per day. 


FAIRFIELD AssociaTIon.—The sixth i mi 


evening, Hv. James 





of this association was on Friday 
Stewart in the chair, when —— * Engine Governors” 
was read by Mr. James . After referring to 


oe onamne | governor - agg ge . 
showing how it was unsuited for marine engine, he 
gave a detailed description, y ny of diagrams, of the 
governors invented by Silver, ry dy d 

and of a pro ment of float at the stern 
vessel. In the course of the discussion that followed, the 


superiority of Dunlop’s and Silver's Ors was ac- 
knowledged. There was a large ai of members, 
and Mr. er received a hearty vote of thanks for his 
paper. 





A lecture, ill trated by diagrams aad crewing en 
ure, illus an was given 
before this society on Th evening, the th et 5 by 
Mr. Alfred F. E. Grant, ‘‘ On Sa of Water to the 
Town of Richmond in Surrey,” the ident, H. V. F. 


Valpy, in the chair. It was fully ined how the town 
was.formerly supplied with water by the Richmond Water 
Works Company, from an ian well sunk into 


the chalk, but principally from the River Thames. It was 
shown how. the Southwark and Vauxhall Water Works 
Company in 1861 commenced to suppl Richmond in their 
own name, although they had’ no iamen powers to 
do so. How the Southwark'and Vauxhall Company at 
three different times endeavoured to obtain Parliamentary 
powers to supply Richmond, and the successful opposition 
of the inhabitants and the vestry, were explained, and also 
the action of the company from 1861, for a period of 
15 years, down to 1876. How, owing to the impurity and 
i i of the water, the vestry were compelled in 
1873 to take measures to procure a pure and independent 


and sufficient supply. The inquiry held by an inspector 
from the Local overment ‘Hoard (ajo ‘ullook was 
dwelt upon, and how afterwards the obtai per- 
mission to carry out aallpear pany well de 
Messrs. Russ and Minns, and also how the Local ern- 
ment Board recommended the Government Works I.oan 
Commissioners to lend them the sum of 28,0001. for that pur- 
. The sudden cutting off by the Southwark and Vauxhall 
Cnpany of mo supply, = the difficulties of i 
temporary supply were i 
er were then descri 
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LOCOMOTIVE BOILERS. 


Ar the —_ of the Institution of Civil Engineers on 
Tuesday, the 12th of February, Mr. Bateman, President, 
in the chair, the paper read was on ‘‘ The Evaporative 
Power of Locomotive Boilers,” by Mr. J. A. Longridge, 
M. Inst. C.E. 

In this commonication the author endeavoured to set at 
rest certain widely diverging opinions which existed among 
practical men, with reference to the evaporative efficiency 
of the various elements of a locomotive boiler; such as, 
the area of the firegrate compared with the total heating 
surface, the ratio between the tube surface and the firebox 
surface, and the rate of combustion per square foot of fire- 

rate. The cause of such divergence of opinion was due 

‘the multitude of variable*conditions ; and it was only 
ty embodying these in a symbolic formula that the relative 
effects could be estimated. 

After adverting to Mr. D. K. Clark’s formula, w=a r* + 
b c, and pointing out that, from its empirical nature, it was 
only applicable within certain limits, the author investigated 
a new formula, based upon well-known physical laws and 
mathematical principles. Assuming any given consumption 
of fuel per hour, the amount of heat erated was first 
determined ; then, from the laws of the transmission of 
heat through plates, the quantity which passed through 
the firebox surface into the water was deduced, and from 
what remained, the temperature of the gases entering the 
tubes was found. From this the loss of temperature in 
passing through the tubes was calculated, based upon the 
same law of transmission, and thus there was obtained the 
temperature of the gases in the smoke-box. From the loss 
of temperature in passing through the tubes, the evapora- 
tive effect of the tube surface was ascertained, and this, 
added to that of the fiebox, gave the total evaporative effect 
ot yyou the author's formule, th 

m author's form the evaporative powers of 
twenty engines were calculated, and the results ae 
with actual experiment and with those given by Mr. D. K. 
Clark’s formula. ‘ It was _ 4 esas surface was 
a very important element, an t oti an average the 
tubes effected neacly 80 cent. of the whole evaporation. 
Also that the gene’ received idea, that 1 ft. of 
— surface See, cues to 3ft. of tube —- = 
allacious ; indeed the proportion was very variable, for 
while, in the “ Ixion,” 1 ft. of box surface was only equal 
to 1.7 ft. of tube surface, yet in No. 33, Caledonian en- 
gine, 1 ft. of box surface was equal to 5 ft. of tube surface. 
Consequently no fixed ratio could afford a safe rale for 
practice. It was then demonstrated that the length of the 
tubes had nothing to do with economy of evaporation, but 





that this d ded simply upon the ratio between the con- 
sumption of fuel - hour and the total absorbing surface. 
The question of the diameter of the tubes was next dis- 
cussed, the late Mr. Zerah Colburn’s views being dissented 
from ; and in was shown that the diameter was a matter 
of no consequence so long as the proper amount of surface 
was obtained. The same remark might be made regard- 
ing the ratios between the firegrate and the heating sur- 
face. It was not the area of the firegrate, but the weight 
of fuel consumed per hour, which had to be considered ; 
and as ied economy of evaporation, it mattered little 
whether lb. of coke per square foot per hour were 
burned ina grate of 20 square feet area, or 100 Ib. per 
square foot per hour in a grate of 10 square feet area. In 
each case, if the absorbing surface were the same, the 
economy of evaporation would be the same. 

The question, how far the combustion of fuel was perfect, 
was then examined ; and it was pointed out that in many 
cases it was very far from being so, some French experi- 
ments exhibiting losses of from 22 to 39 per cent. 

The general conclusions arrived at might be thus 
summed up: that no fixed rule could be established as the 
best for the relative ——— of the firegrate, firebox, 
and tube surfaces ; that length of tube had nothing to do 
with economic effect ; that the diameter of the tube was 
also a matter of indifference ; that economy of fuel did not 
depend upon the rate of firing ; that when the quantity of 
fuel burnt was moderate, say 50 lb. or 601b. per square foot 
of ae Ly: hour, the combustion was nearly perfect, while 
with hard firing there was considerable loss from carbonic 
oxide passing away unconsumed ; and that a increase 
of heating surface in proportion to coal burnt slightly 
increased the economic effect, which within the limits of 

ractice in locomotive engines was nearly in proportion to 

e fourth root of the heating surface. 

In an addendum the action of the blast pipe was dis- 
cussed. It was contended that, though a powerful agent 
in effecting rapid combustion, it was, per se, a very extra- 
vagant one ; yet in | appeal meee ey wg gp ees ed 
this extravagance was not chargeable to it, since 
was a large quantity of steam which was available and 
would otherwise be wasted. formula was given for 

an 


as 
creating a t, based experiments made b. 
author in 1851 and 1852. When applied to t 
of the locomotive 



































into a’ number of small jets instead of relying upon one 
large one, and that under certain circumstances this in- 
crease of power would be of great utility. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
good attendance on ’Change at Middlesbrough, but the 
amount of business done was not equal to the average of 
the recent depressed market days. The respect- 
ing affairs in the East absorbed the attention of kers, 
merchants, and consumers. Everybody in business 
here is averse to war, and the exciting intelligence coming 
to hand from time to time unsettles people, and unfits 
them for entering into any speculations. Nominally the 
prices of pig iron are the same as those fixed by the iron- 
masters a few weeks ago. It is difficult to understand 
what is becoming of the pig iron. Masters say they are 
able to sell at the present quotations, and hold firmly to 
their lists. Merchants declare that they cannot discover 
who are the buyers at present rates. 

_ — a > eget classes of ym ~ 
except plates for ship’ purposes are in poor demand. 
It is some satisfaction pet that Messrs. Hopkins, 
Gilkes, and Co., Middlesbrough, intend to start their rail 
mill in to resume operations on an order for South 
Ranteatin, which they obtain ed some time ago. 

Engineering and Shipbuilding.—Both these branches 
of industry are well occupied. A number of steamers 
- 3 various stages of construction on the Tyne, Wear, 
and Tees. 


Steel.—Messrs. Bolckow, Vaughan, and Co. are actively 
engaged in steel rail- ing at their Eston works, Middles- 
brough. Since they these works in the autumn of 
last year, they have turned out 10,000 tons. 


The Cleveland Ironmasters’ Association.—Mr. W. RB. I. 
brough, have been vice-presiden 
respectively of the Setar Association. 


The Iron and Steel Institute.—This year the autumnal 
meeting of the Iron and Steel Institute is likely to be held 
in Paris. The Institution of Mechanical 5 wd also 
intend holding their meeting in the capital of . 

Death of an Ironmaster.—Last week Mr. James Morri- 
son, of the Rosedale and Ferryhill Iron Works, died at his 
residence, Jesmond Park, Newcastle-on-Tyne. 
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HORIZONTAL 





NON-CONDENSING ENGINE. 


CONSTRUCTED BY MESSRS. P. AND H. GIBBONS, ENGINEERS, WANTAGE, 
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In our account of the Smithfield Club Show held las 
December, we noticed briefly a small horizontal ine 
exhibited on that occasion by Messrs. P. and H. P. Gib- 
bons, and mentioned that it possessed several special fea- 
tures worth examination. Of this we now publish 
engra The engine, which is fitted with the Gibbons 
patent elliptic governor, was shown fixed on a base- 
plate, on a boiler of the vertical type with welded 
cross 








As will be seen from our engravings tho general de- 
sign of the engine is very neat, the form of the bedplate 
being particularly good. The governor belongs to that 
class which combines the throttle valve, the pendulum 
apparatus, and the stop valve in one contrivance, and 
which without the application of extraneous gear transfers 
the motion of the governor arms direct to a balanced 
throttle valve. The governor belongs also to the pseudo- 
parabolic class; and the crossed pendulum levers are 
thus suspended so that their balls move in an elliptic 
curve, which arrangement is productive of a small “ pen- 
dulum height” h, and consequently permits high speed 
with comparatively long pendulum levers. 

Let 

i= of pendulum lever. ~ 

a=di of point of suspension from axial line of 

governor. 

a, @,, the angles of the arms corresponding to the angular 


velocities Bi Bip 
hy hy the corresponding pendulum heights. 





Then 
hy — 2,7 _1 008. &—a cotg, &y 


h oy? 1 cos. aa cotg. a 





where 
3 
tain, is given by sin, amin, =A) 


In Fig. 5, which illustrates by way of diagram the 
principle of the governor, we have B a rod with crosshead 
A, to which are pointed the levers DE and D,E,. ©,D 
and © D are two links joining the ends D and D, to d 
and G respectively. e end of D when the ball E has 
a tendency to rise, moves in a circle whose centre is O; 
and in the same time the point F of lever ED being 
obliged to move parallel to the axis of the governor, the 
ball E is forced to move in an elliptic curve. 

On the top of the central spindle crosshead A there 
is a spring which, when more or less compressed, regulates 
the speed of the correspondingly. Thus let G= 
the weight of the ball; Gj==the force exerted by the 
spring, plus the weight of the rod and throttle valve and 
coupling, then 


G,_ 1 $ 
a= ir {= (1 cos. a—~a cotg. a)—1} —2 


n® P 
=... in, approximately, and n=number of 
rg lrnteniaictiey a 
revolutions per minute, g=acceleration of gravity. From 
the above faa on the force to be exerted by the 
in order to correspond to a certain number of revolutions 
can be easily determined. 

Turning next to the pump arrangement we know that in 
the ordinary feed pump arrangementthe pump plunger is of 
the hollow tubular — and the main joint is frequently 
small and insufficient, and scarcely accessible without 


where 


great loss of time. In Messrs. Gibbons’ ement the 
position of the pump barrel is simply rev: and the 
plunger ta oottd, nok Sa a@ rod through 
the bottom of the pump, thus the of 


allowing 

a large joint, which is at any time open to inspection and 
tabrievtion. There is also w rigid connexion between the 
pump and the slide valve, both being worked by one 
eccentric. With this arrangement also the pump forms 
a good guide for the valve spindle. 

The arrangement of the crosshead will be easily under- 
stood from the accompanying Fig. 4, and it will be evident 
that the wedge arrangement therein employed to take up 
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w in the crosshead slippers admits of very | price of warrants, which preceded the decline of last week » got into the hands of houses in the Bristol Channel. 
pn ape trained The general design of the ratory 4 seems to jindicate that. the least assurance of reviving e of the leading London houses have secured the Eastern 
so clearly shown by our engravings that it will be un- trade is certain to run up prices to a more remunerative | orders. There is no marked change for the better in the 

Srey ribe it farth point than they now stand at; on the other hand the | tone of the coal trade, and prices remain as they were. 
necessary eB: er. sudden followed the advance abundantly proves Shipowners, however, are perplexed by the disturbed state 
that it has not at the rate that buyers had of things in the East, and they scarcel know what to do 

NOTES FROM SOUTH YORKSHIRE. anticipated. itional blast furnace has been blown | during the present uncertainty. The Bates Family is load- 

SHEFFIELD, Wednesday. | in at Quarter Iron Works, and the number now in operation | ing 2700 tons of railway iron for Bombay. From Spanish 
The Labour Market.—The Sheffield file ergo ro is 88 as against 118 at the como tiene last ‘The second Py Ry mys tebe om hanpoueaste bend. An accident 
one Riel ben Compas 290 o = tym dA. TD of pi ag having | retard the completion of that valuable adjunct to the port. 


ironworkers of Midland Iron Company ove offered 10 
per cent. At the Manners Main, Swaithe Main, and other 
collieries the men have agreed to the abolition of certain 
extra payments. 

New Colliery near Ilkeston.—Messrs. T.L and Co. 
(the Cossal Colliery Company) have comm the sinkin, 
of a new shaft at some distance from their old pit, and inten: 
to go down to the Kilburn seam of coal, which is stated to 
be of the best quality in the country. Already an engine- 
house has been mane end 0 now cages pus down with the 
usual head-gear and buildings. It is su that the 
coal will be found at a depth of about 100 yards, or much 
nearer the surface than any of the present local workings. 

P sed New Colliery near Killamarsh.—Messrs. J. 
and @ Wells, of the Eckington Collieries, are about to 
open a new pit, which has been sunk at Killamarsh, at a 

int close to the line of the Midland Railway Company. 
Buitable plant and gear are now in course of being fixed. 

A Colliery to be Lighted by Gas.—The Manners Colliery 
Company, whose pits are near Ilkeston, have entered into 
an arrangement with the local board for the supply of 

, not only to their buildings on the surface, but to 
the and workings, and the local board-are ex- 
tending their mains 150 yards for this purpose. 

The North-Eastern Railway Works.— The half-yearly 


report of this company states that the works in connexion 
with the Leeds Station extension are p ing so well 
that part of the station is in use, and that Swinton and 


Knottingley Joint Railway will most probably be completed 
in the autum of this year. 


The New Houghton Main Colliery.—During the week 
coal has been ‘‘ won’’ at the new Houghton Main Colliery, 
an undertaking on the estate of ———, at 
Houghton, about seven miles from Barnsley. The {sink- 
ings are amongst the most extensive which have been com- 
pleted in the South Yorkshire coalfield. There are two 
shafts, each about 16 ft.in diameter, and the yield when 
in working order will probably reach 1000 tons daily. The 
coal has been struck by one shaft at a depth of 515 yards, 
bat the other shaft isas yet not within 40 yards of the 
seam. The coal is about 8 ft. 6 in. in thickness, and is of 
fine quality. Powerful winding, &c., machinery is being 
fitted up, anda siding will be laid from the pit to the line 
of the Midland Railway Company, which is within a very 
short distance. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Glasgow Pig-Iron Market.—Owing to the excitement 
caused the reported entry of the Russian troops into Con- 
stantinople, a further decline of prices took place in the pig- 
iron market last Thursday morning ; but the feeling in the 
afternoon was better, and half of the loss was recovered, 
the fall at the close being 1}d. per ton, and 6}d. over the 
week. Business was done during the forenoon at 51s. 3d. 
to 51s. cash, and 51s. 4}d. to 51s. 3d. one month, closi 
sellers 51s. 1d. cash. In the afternoon 51s. 1jd. cash ani 
51s. 3d. one month were paid, and the market closed with 
sellers at those prices, and buyers at 51s. 1d. cash, ani 
51s. 2}d.one month. The warrant market was very quiet 
on Friday. Holders were somewhat in their de- 
mands on account of the more favourable political news, 








m. There were buyers at 51s. 2 . 4d. 
one month, but sellers demanded 1d. per ton higher. The 
final quotations were 6d. per ton under those of the Ly 
vious Friday and Is. 2d. under the highest point reached 
oe part of the week. ———- voll tid. deviag 

at week’s closing prices, improved 1}d. i 
the day. Business was done in the forenoon at from 51s od 


. to Sis. Sad. cash, and 51s. 44d. to 51s. dd. one month, the 
with sellers at 51s. 4d. cash and 51s. 6d. one 


month, buyers offering 1d. less. The prices at which 
business was done during the afternoon ranged from 
5is. 3d. to 51s. 3$d. cash, and from 5ls. 4d. to 51s. 5d. 
one-month, and the market closed at the best, sellers 
month, 

on 


. 4d. cash and 5is. 5d. one 


i 


a 
ij 


2: 
23 





with the correspon 
; | off under the heads of passengers a: 


now expired, it is Cott ee that a few more fur- 
naces will soon be put in 6 soeeniing Ge ois iron sent 
into the warrant stores last week the s in keeping with 
Messrs. Connal and Co. up till last Friday night amounted 
to 170,671 tons. Last week’s shipments of pig iron from 
all Scotch ports amounted to 6183 tons as a: it 5637 tons 
in the corresponding week of last year. ere is already 
a marked decrease in the amount of Middlesbrough pig 
iron imported into G mouth as compared with the ship- 
ments up to the 10th of February last year. 


Foreign Shipments from the Clyde.—In last week’s 
foreign exports from the Clyde there were included a steam 
launch, 20001. and a steam barge, 85201., for Rangoon ; 
ten locomotives and tenders, 23,3901., and 1924 tons of 
railway sleepers, 82711., for Bombay ; iron rails, 4000l., for 
New nd; and, in addition, Le quantities of ma- 
chines, castings, pipes, wrought iron, &c. 

Edinburgh and Leith Engineers’ Society.—A meeting 
of this society was held last Wednesday {night, Mr. Robert 
C. Reid, President, inthechair. A paper was read by Mr. 
George Romanes, C.E., giving a description of the Spring- 
burn and Bal Water Works in the neighbourhood of 
Glasgow, which he had recently designed and executed to 
supply a district-at too high a level to be supplied by gravi- 
tation from the Loch Katrine Works. 

Institution of Engineers and Shipbuilders.—An ordi- 
nary meeting of the Graduates’ Section of the Institution of 
a and Shipbuilders in Scotland was held last 
week, Mr. James Davie, President, in the chair, at which 
a ey! interesting and instructive paper on ‘‘ Priming’’ was 
read by Mr. M. Prior, of Sheffield. The author, at con- 
siderable length, discussed the causes which bring about 

Timing in steam boilers, and the means that may be taken 
for its a and the paper gave rise to a well- 
sustain discussion amongst the practical engineers 
present. , 

House Drainage, Dry Rot, §c.—At last week’s meeting 
of the yk RX Society of Glasgow, Professor James 
Thomson, C.E., F.R.S., read a very eleborate paper on 
“* House Drai and Sewerage, Basement Stories, Sunk 
Flats, and ne J t,’’ in the course of which he dwelt 
largely upon the insanitary condition of much of the ordi- 
nary dwelling-house property, and chiefly attributed the 
faults to which he referred to the want of care on the fae 
of architects. An extra ——y of the society is to be held 
this evening for the discussion of the points raised by the 
paper, and it is fully expected thata ber of the 
tions made by the learned professor will be challenged. 


Royal Scottish Society of Arts.—A meeting of this 
society was held on Monday yet Te Ferguson in the 
chair, when Mr. Samuel B. Wilkins, firemaster,' read the 
fourth of a series of papers on fires, the subject on this 
occasion being the prevention of fires in theatres and public 
places of amusement. 


Proposed Purchase of Additional Foreshores at 
Greenock.—The Harbour Trustees of Greenock are this 
week in a state of intense excitement be. ren the ac- 
uisition of an important stretch of ground along the fore- 
shores in the west part of the town, the proprietor of 
which is Sir M. 8S. Stewart, Bart. If they do not secure 
it there is room to fear that it will at once pass 
into the hands of the Caledonian Railway Company, to 
be used in connexion with the proposed extension of their 
Glasgow and Greenock line to the harbour of Gourock. 
The ground extends to about 55 acres, and of that amount 
about two-thirds may be had, it is said for something like 
100,000. At present the lands of Garvel Park are only 
utilised in a partial degree for dock purposes, and hence 
such a large outlay far the pro purchase without 
parliamentary sanction is giving rise to much anxiety in 
the town, seeing that the ground in question be 
turned to account for the extension the harbours for 
many years to come. 

Lecture on the Tay Bridge.—Last night, in the Glasgow 
Atheneum, Mr. A. Grothe, superintending ineer for 
the epee yee * vy + : oe a most 
graphic and instructive ure on t engineeri 
a ing to a crowded audience. This is the secon 
time that Mr. Grothe has lectured on the subject in the 
same institution. 





Y 








NOTES FROM THE SOUTH-WEST. 
London and South-Western Railway.—The Ascot and 
Aldershot Railway from Ascot to Farnborough may be said 
to be finished, and will be ready for the Government 
inspector in the course of the current month. 


Rhymney Railway.—lIt a from. the rt of the 
directors of the Slee Com » that during 
the six months ending mber 3ist, 1877, there was a 
net increase in the revenue receipts of 73511. as compared 


ing period of gest There was a falling 


chandise and live stock. The additional i 


traffic - 
e was derived 
from the carriage of iron, ore, coal, coke, and miscellaneous 


‘ewport.—Some Government contracts for steam coal, 





MN 
adjudicated upon during the past week, have, for the most 








But for this untoward event, the dry dock might have been 
ready in three months. 


Swansea.—There has been an improvement in the coal 
trade during the past week, the fo: exports represent- 
ing 16.500 tons, as against 10,200 tons in the previous week. 
The tin-plate trade remains steady, among the exports being 
1200 boxes of tin plates for Nantes. 


The Forest of Dean.—Trade matters are wing more 
unsatisfactory, and the leading house-coal collieries in the 
valley of Cinderford are becoming generally affected. In 
the more favoured cases the men are scarcely averaging 
four days per week, and hundreds have no employment 
and are unable to obtain labour at the relief works, where 
the wage is still limited to a maximum of 2s. a day. 


Locomotive Power on the London and South-Western. 
—The cost of locomotive power per train-mile run on the 
London and South-Western Railway in the second half of 
1877 was 8.46d., as compared with 8.51d. in the correspond- 
ing period of 1876. 


Swansea Tramways.—From a report just issued by the 
directors of the Swansea Improvements and ways 
Company for the half-year ending the 3lst of December 
last, it appears that during the past half-year, the different 
sections of the work have been energetically proceeded 
with. The rolling stock, horses, and equipments of a portion 
of 4 system will be delivered, and the lines opened this 
month. 





Bg.aran Iron.—The exports of rails, wire, nails, &., 
from Belgium, rather increased last year. These exports 
amounted in 1877 to 100,000 tons in round figures. The 
corresponding total for 1876 was 91,000 tons, and for 1875, 
81,000 tons. 





LiveRPoot ENGINEERING Socrety.—This society held 
its usual meeting on Wednesday, the 13th inst., at the 
oy Institution, Colquitt-street, the President, Mr. 
Robinson Souttar, in the chair. Mr. Joseph J. Butcher 
read an interesting _— under the title of *‘ Coal Crush- 
ing and Bunker ign.’’ The author introduced his 
subject by some observations on the usual practice of 
storing coal in front of the fires, and the position chosen 
for bunkers for the convenience of hand-firing and avoidance 
of trimming. Several interesting experiments on the 
angle of repose of coal were given, both in the heap on 
boards and on metal song and also with varying degrees 
4 dampness. The = heater for maaan ~ aes 

en explained, together with an arrangemen‘’ whic! 
each feeder abstracted its own supply of coal from a 
common reserve, thereby overcomi e difficulties atten- 
dant upon the use of hoppers as as saving labour and 
avoiding dirt. The author at some length described the 
form of bunkers best suited to the requirements of 
mechanical stoking, and the means of conveying the coal 
from them to the furnaces, either by means of band or 
worm carriers. In the case of band carriers, a rocking 
plate is used to withdraw the coal from'the bunker. With 
regard to coal crushing, the author believed that one 
crusher should be made to do the work for all the machines 
and not have a separate crusher to each furnace. The 
pa was illustrated by numerous drawings, without 
which it would be impossible adequately to describe the 
ingenious arrangements which formed the subject of the 
paper. 


—— ain a te Society held Frida: 
general m o! e on 
ruary 8th inst., Professor Tennant, F.R.S., ¥. 


E. F. Playle 





ENGINEERING Socrery.—At a 
Feb- 
G.S., 


in the chair, Mr. read a paper on “ Coal 


and Coal Mining.” Mr. Playle commenced his 
with some introductory remarks on the subj e 
an account of some of the earliest appliances and uses of 


coal. He then went on to describe the mode of occurrence 
of coal, and the Flora of the coal measures, dwelling “on 
the two theories of the formation of coal, and proffering 
some useful remarks on the search after in an un- 
known district, at the same time giving a short account of 
boring. He explained how the sinking of shafts was per- 
formed, and the manner-of lining, and of tubbing them. 
Mr. Playle further described the driving of levels, and the 
mode of excavating the coal, and gave a full description of 
the two systems of — it, viz, the t and stall, 
and the ee ee and of the tools used by the miners, 
and also of Donnisthorpe’s coal-cutting machine. He then 
gave a description of the conveyance of the mineral under- 
ground, and of the raising it in the shaft, and treated the 
‘ safety cages,’’ the different sorts of guides in use, and 
sho the working of a high-velocity winding engine. 
He then went o1: to give an account of the “‘ lighting’’ of the 
workings, with a description of the Davy lamp, and also a 
short account of the drainage of the mines, and concluded 
c= lescribing the ventilation of mines, and different me- 
ing artificial currents of air. 


b 

chanical appliances for 

A discussion followed, after which Professor Tennant made 
in 


paper. In conclusion the 
ose 
ness in 80 m i le time i i 
chair ; the vole was carried unanimously Me 
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THE “INFLEXIBLE.” 

Tue report of the Committee on the Inflexible 
has now been presented to Parliament, with the ap- 

ndices attached, and together they form a Blue 
Book of considerable size, which can be purc 
by any one interested in the subject. e have no 
doubt it will be sought after eagerly and read 
studiously by many of our naval officers who-are 
more directly and personally concerned in the issues 
at stake respecting the safety of this unfortunate 
ship and her two consorts, the Ajax and Aga- 
memnon, than any other class of the community, It 
is unfortunate in one sense that the Committee’s re- 
port in full was not published earlier, because the 
difficulty of obtaining copies of the complete report 
has prevented many from expressing their opinions 
sooner upon it, choosing rather to wait its pub- 
lication in due course after the meeting of Par- 
liament, than to express opinions. from merely 
reading the one-sided summary sent to the daily 
papers. It may be said that a full discussion of 
the case can now take place, but in the mean time 
the Board of Admiralty must have been de- 
liberating upon the proper course to pursue under 
the circumstances, and it is not at all improbable that 
the silence maintained in many quarters may have led 
them to underrate the strong conviction that exists 
outside their own walls as to the dangerous cha- 
racteristics of these vessels, 

Moreover, times have so changed that it is every 
day becoming less and less possible for any one in 
this country who recognises the vast importance 
to us of the crisis towards which we are appa- 





rently drifting, through the course of events in 
the East, to speak plainly in di ment of any 
vessel in our Navy. Would that the defects in the 
ship could be remedied as eppeily as the voice of 
the critics will be silenced when the time comes for 
active hostilities. It is because those defects will take 
time to remove that we desire once more to urge 
upon the Government with all our strength the 
necessity for prompt action in thé matter. We under- 
stand that work on all three vessels, the Inflexible, 
Ajax, and Agamemnon, has been for some weeks 
almost at a standstill ; but now that an effort is being 
made to strengthen our Navy as rapidly as possible, 
and the dockyards are to be taxed to their utmost 
powers of production, a prompt decision on the 
question whether the three citadel ships are to be 
altered or completed as designed is indispensable, 
For this reason much interest will be felt in any 
announcement that may be made on the subject in 
the House of Commons by the First Lord of the 
Admiralty. Under ordi circumstances any 
statement from him on the subject would doubtless 
lead to an important debate. As matters stand there 


dia | Would be little disposition to hark back on the errors. 


that are passed, if the Admiralty authorities would 
only show they appreciate them, and undertake to 
remove the results of them so far as may be possible 
before sending the ships into action. Mr. Reed has 
publicly intimated that he does not consider himself 
called on to continue any longer to take the initia- 
tive on the subject, and he holds, not without 
reason, that having pressed ‘the matter up to the 

resent point, when the facts of the case have at 
ast become known, he has performed his duty, and 
it now rests with their lordships, the House of 
Commons, and the country, who before were all 
ignorant of those facts, but have not that excuse now, 
to determine whether, now that they are acquainted 
with them, they will sanction the completion of the 
ships in accordance with their defective designs, and 
send them to sea “‘ with all their imperfections on 
their heads.” 

The responsibility which rests on Mr. W. H. 
Smith in arriving at a decision on these ships would 
at any time be serious ; it is doubly so at the present 
moment, for the question is whether they are to up- 
hold England's might and glory or prove coffins for 
her bravest seamen, and it is not a mere paper ques- 
tion, for it may possibly soon be put tothe proof by 
the grim test of war. is malah io our excuse for 
again dwelling upon it. If outside pressure is still 
necessary to get these ships altered, the sooner it is 
brought to bear the better for our naval power. It 
is of course a difficult matter for a First Lord, how- 
ever powerful and strong-minded, to look at a tech- 
nical question of naval architecture except through 
the spectacles of the Department. And this is a 
point that should be recognised, It is right omc 
to a certain point such a tendency should prevail, 
A First Lord, always trimming to please critics in 
Parliament and in the Press, and ever ready to 
throw over his department to escape from personal 
responsibility, would, we have no hesitation in say- 
ing, produce the most injurious effects on the public 
service. Such conduct would be despicable as well 
as demoralising. 

The other extreme, to stand up for the Depart- 
ment through thick and thin, to defend the perma- 
nent officials boldly without first ascertaining 
whether they are right or wrong, may be chivalro 
may win applause for the moment both inside an 
outside the Admiralty, but it might also do an 
immense amount of injury to the public service. 

The Inflexible scandal need never have reached 
the dimensions it has, and much valuable data might 
have been withheld from foreign powers, if the late 
First Lord of the Admiralty had tempered boldness 
with discretion, and held a searching inquiry instead 
of trusting implicitly in the Constructors’ Depart- 
ment, and giving a blank denial in the House of 
Commons to charges made on high authority against 
the vessel,—charges which have since been proved 
to be correct beyond a shadow of doubt. 

We do not expect that Mr. W. H. Smith will adopt 
an extreme course either one way or the other, and 
every one must hope that he will bring his vigorous 
common sense to bear on the matter, untrammell 
by the bias of the officials by whom he is surrounded. 
Let him weigh well the history of the Inflexible 
design, as well as those of the other two vessels, and 
examine the evidence in support of them supplied 
to him by the Department and by the recent Com- 
mittee as critically and sceptically as he is likely to 
do the statements adverse to the ships, and he 
cannot fail to be convinced that the three vessels we 





have named are not, in certain vital and essential 
points, what they were intended to be, or represented 
to be, or what their successors will have to be; 
and he must be convinced that if not altered their 
safety in action will depend entirely upon the 
immunity of their unarmoured ends from destruc- 
tion by shell fire, a source of safety, the reality of 
which no human being can count on with certainty 
in the absence of extensive artillery e: iments. 
Com the confidence with which these three 
costly ironclads would be hastened to completion 
to take their share in the not improbable further fight- 
ing in the East, if it was known that they could day 
after day and, if necessary, week after week keep 
open the water-way and re hr land batteries on 
the Bosphorus and Dardanelles. It seems a 
mockery to talk about the Inflexible’s 24-in, 
armoured citadel being invulnerable to the 40-ton 
Krupp guns of the Turkish batteries, when we 
reflect that a few hours’ hot work under the concen- 
trated fire of forts armed even with light guns 
might compromise both the transverse and longitu- 
dinal stability of the ship, and so cripple her speed 
and turning power as to render her incapable of 
manceuvering and an easy mark for torpedoes. She 
would, of course, when in this state have to be taken 
out of action. And whata spectacle it would be to 
see this enormous ship with her guns and fightin 
arts still intact, with perhaps not a man on boar 
injured, having to be convoyed to Malta for repairs. 
It seems incredible that the three newest iron- 
clads in the British Navy, armed with the heaviest 
guns afloat, with armour impenetrable to any in 
the possession of the enemy, should be likely to cut 
the ridiculous figure in actual warfare we have just 
described. What we say, however, is among the 
probabilities as well as the possibilities of the im- 
mediate future if these vessels are to be completed 
in accordance with their designs, and if it should 
fall to our lot to have to force the Dardanelles and 
Bosphorus, While nothing but the heaviest artillery 
wound be of any avail against the Devastation, 
Thunderer, and the Dreadnought, and while b 
presenting an oblique side to the enemy they, an 
many of the weaker ships of the Navy, could with- 
stand even the powerful Krupp guns before men- 
tioned, the initia ss which could be multiplied 
in any numbers, would be good enough to cripple 
the Inflexible, Ajax, and Agamemnon with. And 
the ‘Russian gunners must have deteriorated sadly 
since the days of the * we battery at the 
Crimea, if with modern artillery 
they could not destroy the unamoured ends of 
the Inflexible infinitely faster than the Malta ship- 
wrights could restore them, and long. before her few 
ponderous and slow-firing guns could produce much 
effect on the shore batteries. We cannot conceive 
any British Board of Admiralty calmly and passively 
contemplating contingencies such as these on the pos- 
sible eve of war, when there is yet time ‘to render 
them impossibilities. The question’ now resolves 
itself into this: Will the décvide to alter 
these vessels promptly and effectually, and give them 
oh ction? vill the finish thom tapidl ther 
rotection ill they em ly as 
sent designed, and trust them in the Bosphorus poe 
the Dardanelles to the contingencies we have sketched 
above? The alterations recommended by the In. 
flexible Committee would do some good, but even 
with them the — would remain liable to be 
crippled or capsized, without a man or a gun, or a 
ingle armour plate being injured by shot or shell. 
att is of course too late in the day now for an 
First Lord of the Admiralty, however bold, to fol- 
low the example of Mr. Ward Hunt, and deny in 
the House of Commons all the charges made aguinss 
the Inflexible. The most tem pitfall in front 
of the present First Lord is that he may be induced 
by the Department to ride off on the rt of the 
Committee, and to repeat in the House of Com- 
mons the specious arguments and mi i = 
of that Committee. We trust that Mr. W. H. 
Smith will feel that his responsibilty is far too 
serious and too real to admit of such a course at a 
moment like the present. In quiet times, even, it 
could only delay the settlement of the question for 


which is —_ e confidence of our seamen, and 
of the whole country, in the efficiency of our 
Navy. No minister, we should hope, would dare 
to tamper with the interests of the country in that 
manner now. 

Far be it from us to split hairs, or to say a word 
to embarrass the Government, but we tain it 
would be a crime to lose valuable time in wrangling 


ed | a time, and pro: ~~ present state of uncertainty 
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over these vessels instead of making them as safe 
and efficient as they can be and ought to be made. 
We have felt from the first that this controversy 
presented only a choice of two evils. One was to re- 
main passive and allow a most vicious and treacherous 
system of design to be introduced and extended in 
our most costly ironclads, and thus risk a sudden 
collapse of our naval power, The other was to 
strenuously e the evil until it is eradicated, at 
the risk of shaking the confidence of the country in 
our naval constructors, and of exciting for a time 
mistrust in the minds of our seamen. e were com- 
lied to choose the latter course in this instance, 
or the peril that would be incurred by an extensive 
application of the features of the Inflexible in our 
Nz cannot be e 
e facts of the case, as we have said, are now 
sufficiently well known and established to obviate 
the necessity for much further detailed analysis or 
investigation. It is in reality only a question now of 
weighing those facts well and interpreting them 
properly. However much we may deplore the 
obvious want of judicial fairness in the Committee's 
report, we as accept the facts and figures put 
forward by them. In the same way we have through- 
out accepted the Admiralty curves and figures when- 
ever it was definitely explained what they were in- 
tended to represent. hat we have condemned 
strongly, and still condemn, has been the use, chiefly 
by Mr. Barnaby, of terms so chosen that when 
combined with certain results given by him, they 
were almost certain to convey, and did convey, an 
erroneous impression as to the real condition of the 
ship. The publication of the report with the ap- 
pendices and diagrams will enable these discre- 
pancies to be cleared up. 
It alao enables the history of these citadel ships to 
be traced with some degree of accuracy, It is 
uite evident now that when the Inflexible was 
esigned at the Admiralty, Mr. Barnaby and his 
colleagues, the Constructors of the Navy, had not 
realised the modifications of form, the full midship 
body and fine ends that would be necessary to 
enable the citadel type of ship to be fully and pro- 
fitably developed. . Barnaby, as he himself has 
explained, chose rather to follow the precedent of 
the Warrior, than adopt a citadel ship of the type de- 
scribed by Mr. Reed to the Committee of Naval 
Designs, and in going he lost sight of the leading 
rinciple of citadel ships, and spoiled three of the 
and most costly vessels in the Navy. 

t is also clear that when Mr. Barnaby reported 
on the design of the Inflexible to the Board of 
Admiralty in June and July, 1873, and committed 
himself and the Council of Constructors to her 
design, neither he nor his co es knew even 
approximately what the stability of the ship would 
be like. It must have been a pure matter of guess- 
work, and they must have wrong. Orif 
we say they must have gone merely by their judg- 
ment in place of they were equally wrong. 
They may have known that the draught of water 
with the ends water-logged would be above 27 ft., 
or more than 3 ft. more than the normal load line 
when they said in theirreport to the Board, ‘‘Should 
the parts of the ship before and abaft the armour 
become wholly water-logged, the ship will sink one 
foot deeper than her normal fighting draught.” If 
they did they should have properly explained it to 
Mr. Goschen instead of misleading him by the above 

They could not however for a moment 

ve realised the state of the ship's s/adilify when 

they wrote the Seas. among several other para- 
e same 


graphs 
‘“We hope, by subdivision and cellular sides, to 
ene any appreciable increase of immersion or 
of stability, but we should not be satisfied 
with the ship if we could not say, as we now can, 
that with any ible amount of damage to the 
unarmoured by shot or shell, the ship will 
continue to float in perfect safety before any damages 
are made F 
For we now find from the figuses published with 
the Committee's re that from a metacentric 
height of 8} ft. in the normal condition, the meta- 
centric t drops to 2 ft. when the ends are 
riddled, without the cork it would come down 
to less than 3 in, 
This is what the Constructors of the Navy 


called preventing “any increase of im- 
aanten or decrease of ity”! 
The foregoing is a fraction of the evi- 


dence there is to show that when the Constructors 
designed this vessel and recommended her to the 
Board of Admiralty they were profoundly ignorant 





of her stability. ‘Their statements to the Board of 
Admiralty on this point were neither more nor less 
than a tissue of errors and misrepresentations. We 
do not for a moment suggest that they were wilful 
errors and misrepresentations. We believe quite 
the contrary. either do we think from what 
appears that they were errors of calculation on the 
part of the draughtsmen or subordinates. They 
appear more like hasty and ill-judged assertions as 
matters of fact of what at the time were mere hopes 
or intentions of the designers that they afterwards 
lost sight of. Wedo not say this is the true ex- 
planation of the marvellous inconsistencies brought 
to light in these papers, but it is the only reasonable 
or intelligible explanation that suggests itself to our 
minds. At what period the truth really dawned 
upon the Constructors we shall perhaps never know, 
unless, indeed, the whole matter should come to be 
sifted hereafter before a Parliamentary Committee. 
Atthe present time it is far more important to set 
the ship right than to seek after the origin of the 
errors. 

It will always be a matter for regret, however, 
that .the Director of Naval Construction, Mr. 
Barnaby, on whom the chief responsibility must 
rest, did not when he found out his errora set about 
repairing them while yet there was time, instead of 
losing his self-control and choosing to defend the 
result of the errors on false grounds rather than 
admit them. Ona former occasion we have alluded 
to the similarity between his ition and that of 
the Italian designers of the Duilio and Dandolo, and 
he and his colleagues must have travelled a long way 
with the Italians on the path towards unsafe and dan- 
= principles of construction when he wrote as 
ollows to the Controller in May last year in reply 
toa letter from Mr. E. J. Reed: “It is, perhaps, 
best that I should say for myself and my colleagues 
that we feel this must be very much a matter of 
opinion. Mr. Reed takes a view on a technical and 
difficult question op to ours. We say that if 
we had the Inflexible to design over again, we should 
make no changes in the direction indicated by him.” 

It is important to know whether even at this time 
the Constructors knew how small was the stability 
of the Inflexible with her ends crippled, for we 
cannot conceive their repeating such an assertion at 
the’ present moment. Tf they do still repeat it the 
Admiralty will have to choose between Mr. Reed and 
the recent Committee on the one side, and the Con- 
structors on the other, and there cannot be a doubt 
they would have to abandon the Constructors. But 
of future ships we have little fear ; the errors of the 
Inflexible will not be repeated in them, The real 
point of importance at the present juncture is to 
press for the speedy alteration and completion of 
the Inflexible, Ajax, and Agamemnon, to enable 
them to hear the part which their great size and 
cost would justify us in expecting them to bear in 
coming events if we should unfortunately be drawn 
into war in the East of Europe. 

We have but little space left in which to notice 
the appendices to the Committee's report. They 
commence with the Parliamen Papers on the 
Inflexible laid on the table of the House of 
Commons in 1877, to which we have at different 
times referred. These comprise copies of the official 
documents relating to the design of the ship, and of 
the correspondence that took place between Mr, E. 
J. Reed, M.P., and the Admiralty in connexion 
with the stability before the controversy arose in the 
Times and in Parliament. 

Following these Parliamentary Papers comes the 
correspondence between Mr. Reed and the Com- 
mittee, in which Mr. Reed states at great length 
and with much vigour his views on the subject. 
Then we get a correspondence between Mr. 
and the Admiral ting the terms of the ques- 
tions put before the Committee, and a letter from 
the Admiralty to the Committee in relation thereto. 

Following these again come various memoranda 
from the Constructors’ staff to the Committee relative 
to the position of the centre of gravity of the vessel's 
engines and boilers ; and comparisons between the 
estimated position of the centre of gravity and the 
position found by inclining experiments, and com- 
parisons of the estimated and actual weight of some 
of the ships of the Navy. ‘To these we shall refer 
hereafter. but in the mean time merely observe that 
this is the evidence on which the Committee pro- 
ceeded when they said in their re; “ We find that 
in no case does the cal point [centre of 
gravity] differ from that ascertained by inclining 





the ship more than .12 of.a foot, that is to say, under 
1} in.”—an assertion which is by no means correct. 





Following this we reach an appendix giving 
eurves of stability of the Inflexible with various 
quantities of water ballast, and with lengthened 
citadel, In this appendix is given for the first time 
a curve of stability of the vessel in the worst posi- 
tion assumed for her, viz., with the ends completely 
penetrated and with the cork blown out. It shows 
a range of stability of only 17 deg., snd a maximum 
righting lever of less than 1}in. This mere shadow 
of stability, however, is obtained by lowering the 
ship’s cables, removing her masts, &c,, as we have 
before pointed out. e materials exist, however, 
within the report to show what the state of the 
= by Admiralty calculation would have been 
without these alterations, and we shall deal with 
that hereafter. The curves accompanying the one 
above mentioned, and given on page 25 of the 
report, are significant as well as instructive. They 
show the effect on the stability of filling the com- 
— at the bottom of the ship with water- 

t. 


It will be remembered this expedient has been 
promenaded over and over again to show the means 
existed within the ship to give her ample stability, 
supposing the worst said about her to be correct. 
It was put in the questions referred to the Com- 
mittee as a saving clause, and was made much of 
in the Board Minute made on the correspondence 
between Mr. Reed and the Admiralty. Their lord- 
ships said (page 11 of Committee’s report): ‘Mr. 
Reed has not, however, taken into consideration 
this fact, that even supposing the unprotected ends 
riddled, water-logged, and the whole of the cork, 
&c., blown out of the ends, there yet remains the 
remedy of admitting 400 tons of water ballast into 
the double bottom of the armoured citadel, which 
would at once have the effect of increasing the 
stability.” 

We have never been able to admit the soundness 
of trusting in this vessel to water-ballast, because it 
would dangerously diminish the freeboard of the 
vessel ; and the very fact that a remedy of this kind 
would bring the 24-in. armour on the citadel en- 
tirely below water, proves that it was not a fair and 
legitimate expedient to put forward, but one resorted 
to in the last extremity. 

The curves now published show that even for 

urposes of stability the introduction of water- 
t would be comparatively of little effect in 
imparting safety to the ship. 

t is shown that the introduction of 200 tons of 
water-ballast would only increase the range of sta- 
bility from 17.4 deg. to 18 deg. Four hundred tons 
of water-ballast would only increase it to 18.2 deg, 
and 800 tons would only increase the range of sta- 
bility to 18.5 deg.! And even with this huge 
amount of ballast the maximum righting lever of 
the ship would remain less than 3 in., while the 
height of the top of the glacis plate to the turret 
from the water is reduced from 8 ft. 14 in. to 4 ft. 
74 in. 

These striking results, which were anticipated by 
us in the main, but which could not be known ac- 
curately without elaborate calculation, were evi- 
dently not known to those who advised their lord- 
ships that reliance could be placed upon water 
ballast to secure the safety of the vessel when the 
unarmoured ends were destroyed. 

There seems to be a fatality attending the 
positions taken up by the Admiralty and the Con- 
structors in defence of this vessel, Point after point 
their defence has proved untenable, and the only 
single argument left in her favour is that which rests 
upon the power of her and chance of an enemy 
missing her, both of which contingencies she might 
of course share with the worse designed vessel of her 


ed | size that could possibly be conceived. 


The curves which show the effect on the stability 
of lengthening the citadel are also instructive. 
They show that if the citadel had been made 20 ft. 
longer the range of stability in the worst condition 
would have been doubled, and the amount of it 
quadrupled, and that the armour might still have 
been 21 in. thick. And even this, by no means the 
only or the best alternative, would in our opinion, 
in -_ of what the recent Committee has said 
on the point, have made a far better and more 
serviceable vessel. By an alteration in this di- 
rection she might have been equally invulnerable to 
any at present in use, and she need not have 
feared the pans of the immediate future when the 
difficulty of striking at right angles is considered. 
Moreover she would have been able to engage shore 
batteries without the fear of having to draw out of 
action in a crippled state before anybody is injured. 
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She might then have been able to keep up speed 
during such an action, and secure what advantage a 
ship possesses in being able to alter her position and 
range at will, without the fear of capsizing under 
the action of the helm. In fact the Navy would 
have had ¢ause to be proud instead of apprehensive 
of her. Let us hope the Inflexible will be furnished 
with these properties, as she can yet be furnished 
with them, before her services are required. 

Other appen lices deal with the effect on the ship's 
inclination of running out her guns; the heights of 
her longitudinal metacentres with the ends riddled ; 
and the gunnery experiments made on tanks, to test 
the value of cork and canvas against shell fire. It will 
be remembered that we gave in our last article on this 
subject Mr. Crossland’s version of the results of 
these experiments, A perusal of the full reports on 
the subject does not tend to remove the impression 
of the uselessness of such material against modern 
shell which was conveyed by Mr. Crossland’s remarks 
at the Institution: of Naval Architecture, These 
reports do not in our opinion warrant the assertion 
of the Committee that these partial experiments so 
far as they went ‘ justified the adoption of the cork- 
filled cells and oakum-and-canvas-packed coffer- 
dams of the Inflexible.” At least they do not justify 
the inference that would be drawn from the above 
sentence, viz., that those experiments showed 
grounds for believing packing of this kind could 
be relied on. As mere auxiliary aids to the 
stability as originally intended such packing might 
perhaps be pronounced justifiable even from these 
experiments, Where their efficiency against shell 
fire is a vital element in the safety of the ship, as in 
the Inflexible as built, the trust reposed in them 
cannot by any stretch of the imagination be justified 
by these experiments. 

Beyond the foregoing there are appendices con- 
taining reports on experiments to obtain the rates 
of extinction of the Inflexible model; on experi- 
ments with H.M.S Thunderer to obtain the angle of 
heel in turning, &c. ; on experiments with the model 
relative to the ship’s longitudinal stability; and on 
the effect of increase of beam on the Inflexible, 

We have not space this week to discuss these 
several reports, but hope to devote some space to 
them hereafter. ‘They are immensely scientific, in- 
volved, and elaborate, and they show how far the 
scientific mind may become lost to practical con- 
siderations, when once it is set going on a sufficiently 
deep and interesting field of inquiry. These 
investigations will not affect the questions at issue 
one way or other ; but they will, nevertheless, prove 
valuable training ground for students in naval archi- 
tecture, and will, therefore, be worthy of considera- 
tion hereafter from a purely scientific point of view. 








STEEL PLATES. 

In a recent number (vide page 47 ante) we dealt 
with the results which had marked the early use of 
steel plates for boiler-making and shipbuilding, and 
we now propose to speak of some of the present 
aspects of the question. The relative merits, apart 
from their price, of steel and iron plates might be 
best decided, if we could compare the number of 
plates of each kind that turn out defective after 
delivery at the boiler-maker's and shipbuilder’s. 
Could we make this comparison with the plates 
delivered during the last year or two, we should 
probably find that the percentage of plates that 
prove defective is much greater in iron than in 
steel, and this does not apply only to the notoriously 
inferior iron plates in the market, but extends also 
to the plates turned out by many good houses, 
The question then arises, how can the prejudice 
be so great in many quarters against the use of 
steel plates? This will be readily answered by 
any one having even but a moderate practical ac- 
quaintance with the history of inventions and their 
application. With materials and appliances it is as 
with other things political and social, ‘‘ nothing 
succeeds like success.” 

Love of novelty on the part of makers and owners 
will always insure the trial of any promising new 
invention or application in the first blush of its fresh- 
ness, but when the charm of novelty has worn off it 
requires perseverance, self-reliance, and disregard 
for the opinions of his equals on the part of any one 
to insure the successful carrying through of any in- 
vention or application, which through some acci- 
dental defect in detail or principle once had a 
strong prejudice stirred up against it, Had the first 
marine boilers of the tubulous type been designed 
with clear notions as to the necessity of providing 








means for the efficient circulation of the water and 
escape of steam, this type of boiler would not be 
now lying in the slough of prejudice where some 
of its too sanguine admirers have left it, and from 
which some time must elapse before it can be lifted. 
It will probably require this country to be en d 
in a more or less disastrous war before the prejudice 
against the use of breech-loading cannon, which 
exists on this side of the Channel, can be removed 
—a prejudice which was caused by the defects in 
detail in the arrangements first tried. The prejudice 
against the use of gas engines, again, will probably 
only die out with the present generation of 
mechanical engineers who cannot rise above the 
recollection of the failure of the first engines of 
this kind, where the advantages of a useful motive 
force were lost by an application wrong in principle. 

The general recoguition of the value of steel 
plates for constructive purposes is fortunately in a 
much more hopeful condition than some of the 
inventions just alluded to, yet it offers a strong 
contrast to the speedy recognition wrought-iron 
plates met with for similar purposes. The task of 
introducing wrought iron for boiler-making, and 
afterwards for shipbuilding, fortunately fell into 
good hands, Both systems were successful from the 
very first, and the prejudice against the new appli- 
cation of the material did not survive the s of 
evil prognostication. The joints did keep tight, 
all the rivet heads did not get knocked off, and the 
boilers and ships did not fall to pieces or rust away 
so quickly as was prophesied; and now when a 
boiler is skied or a ship founders through de- 
fective material, the faulty iron plates to which the 
disaster is due do not involve a condemnation of the 
use of the material generally. 

Unfortunately the early employment of steel plates 
was not so successful, We need not go back so far 
as the time when so little was known of the pro- 

rties and behaviour of steel that plates were used 
lesleg a tenacity of 38 and 40 tons. We refer now 
to the time when it had become generally known 
that a high tensile strength was incompatible with 
the other. properties, upon the existence of which 
the successful employment of steel depends. 

As long as the Bessemer steel manufacturers could 
get a high price for rails, tyres, &c., there was no 
inducement for them-to concern themselves very 
much about perfecting the material for plates, and 
to instruct the users as to how it should be treated. 
In consequence of this there was a want of uni- 
formity in the quality of the plates which every 
new user had to find out for himself and make the 
best of. In the hands of those boiler-makers who 
took an active interest in the success of the new 
material, this want of uniformity led to no great 
difficulty when they had once learnt what treatment 
was required. But in most cases where it was the 
purchaser who wanted steel instead of iron plates, 
against the boiler-maker’s desire not to go out of the 
beaten track, the amount of trouble and mishaps 
soon led to its discontinuance. 

It was pretty much the same with shipbuilding. 
During the American war, when comparatively 
little was known of the working of the strong steel 

lates then available, the interest taken by the 
builders and owners of the blockade runners over- 
came all difficulties in using steel extensively to suit 
their purpose. In spite of many other instances 
besides these of merchant ships built of steel to the 
owner’s order, the price prevented any builder making 
a specialty of using steel asin the case of boiler-mak- 
ing, until the present demand for steam launches of 
great speed arose. 

Both in boiler-making and shipbuilding the nu. 
merous instances where the use of steel has been 
discontinued have assisted. in increasing the feeling 
of distrust in the material by those who have never 
even tried it. As is usual in such cases, the defects 
discovered have been much exaggerated, and so the 
prejudice has attained its present strength and 
dimensions. 

From the present stand-point, the general future 
advance in the employment of steel plates has one 
of the greatest obstacles to contend against. The 
steel of to-day, which can be supplied in quantities 
suitable for boiler-making and shipbuilding, unfor- 
tunately inherits the prejudice that became attached 
to its name when uniformity in ductility and free- 
dom from liability to temper could not be depended 
upon. It is now under the ban of suspicion, and a 
sus material, like a suspected person, has not 
only its avowed enemies to contend against, but the 
susceptibilities of its employer. The maker or pur- 
chaser, who uses a suspected material, has not only 


the possible defects of the material itself to over- 
but also the feeling of anxiety and dread of 


the tone of triumph and superior wisdom assumed 


by his friends, whose M$ ph gpori of his well-directed 

‘orts may possibly find its expression in the usual 
“ Serve you right,” or ‘I always told you how it 
would be,” The cpopeateee is that the failure of 
one steel plate in a hun causes far more annoy- 
ance than the failure of one iron plate in fifty, even 
when the possible result of the failure would be no 
greater in the former case. A man who uses iron 
plates and fails through the fault of the material, 
does so with the comfortable feeling of one of a 
majority, which is a very different feeling from that 
of one of a very small minority, who fails in a 
similar manner, 

It is just. one of these mistakes so often made to 
take for granted that iron plates are perfect in some 
of those qualities in which steel plates used to be 
found'wanting. We have seen cases of best Yorkshire 
— failing to a degree that would havo con- 

emned the use of steel plates in the same works for 
ever afterwards, Yet these best Yorkshire plates 
were meekly returned to the makers, without a 
word of protest, which it was known would have 
been useless, and replaced at the maker's con- 
venience, 

Perhaps no better instance can be given of the 
absurdity of the prejudice attached to the name of 
‘* steel” for plates, than the fact that some makers 
of steel had to invent new names for their material 
in order to find asale for it. ‘Take, for instance, the 
steel plates that were sold as “‘ homogeneous metal” 
and ‘‘ homogeneous iron,” which have in many cases 
answered remarkably well where they would never 
have found a sale as “steel” plates. ‘This practice, 
however, of disguising the name of the material, and 
saying it would work like iron, led to its being 
wrongly treated in more than one case, and conse- 
quently its use was not repeated. It would have 
been better for the future prospects of the material 
to have instructed the users as to the proper mode 
of working it in the boiler yard. A superior article 
usually requires more skilful treatment than an 
inferior one, and this certainly is the case with steel, 
although the skill required is different in kind 
rather than in degree. 

A few years ago it was a question asked by those 
who believed in the ultimate general adoption of 
steel plates whether the general run of boiler- 
makers and others would have to be educated in 
the proper way of using the steel plates as then 
manufactured, or whether the makers of the plates 
could improve the properties and nature of their ma- 
terial so as to suit the skill and appliances available 
at ordinary. boiler works and shipyards, This 
question appears to be in a fair way of being 
decided in the latter direction, as steel plates are 
being made more and more like the best iron plates, 
but without the defects inherent in the nature of 
iron plates as at present made from slabs, 





NOTES ON TORPEDOES.—No. XXV. 
Spar TorPEDOES—(continued), 

WE gave in our last article a short sketch of the 
history and progress of spar torpedoes and torpedo 
boats, Of course as a practical reference for mo- 
dern torpedoists such details are, strictly speaking, 
valueless, their interest resting simply on the fact 
that they mark the several distinct eras in the de- 
velopment of this remarkable science: they are 
valueless inasmuch that past practices cannot be 
taken as forming any criterion of the possible 
merits or demerits of the present improved system ; 
since new schemes are continually bein disc 
and new discoveries made in every branch of 
science beneath the sun, one is not allowed to go 
forward while another stands still, each and all are 
being advanced by the ambition and energy of the 
master-minds who enter the several fields, and who 
by the force of their intellect seek to accelerate the 
progress of their particular school towards that 
ever sought yet ever far-off goal—perfection. Hence 
there is never an evil intpadeiees but a remedy is 
discovered. One inventor introduces a gun of more 
than ordinary penetrating power, another 
a shield capable of resisting it; thus it been 
and thus it ever will be to'the end of time; tho 
of course this fact would form no ——— 
favour of one branch standing still allowing 
another to nderate ; must endeavour to 
keep step with the other, Personal interests, in- 
ref will ever form a sufficient stimulus for effect- 





ing this end. 
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pom 
Up to a very recent period our Government was 
totally without special torpedo launches, consider- 


ing that ordinary ships, gigs, and launches, covered | electrical fuze, arranged so that when contact is 


at the fore part with a canopy of canvas and fitted 


with two outriggers one on either side of the boat | closer and fuze with the battery, the current passes 
on which to work the spar of the torpedo, were | through the fuze and explodes the torpedo. The 


quite sufficient for all practical purposes; but had 
not the rapid adoption of special boats by all foreign 
governments compelled the attention of our Ad- 


miralty to their use, the several attacks made with| with the other wires EE! to the torpedo, and 
them against the Turkish fleet during the — is coupled to the wire E' between the fuze D 
lacy of | and contact-maker F (see Fig. 3). 


war must have fully satisfied them of the fa 
depending on boats that possess neither of three 
obviously necessary requirements, viz., speed, noise- 
lessness, and protection from shot. 


ocean work, and capable of being navigated in any 
weather short of an absolute storm, are in all re- 
spects the same as the one described in our previous 
article save, as already observed, that they are 


deep. She has a pair o 

engines of 200 horse power, working up to 130 lb. 

rT a the engines being locomotive, with a total 
eating surface of 450 ft. 


Co. have, however, given way to the more efli- 
cient ones constructed by Messrs. Thornycroft and 


screw 


C. A. McEvoy’s improved spar torpedoes, are adopted | side a 
in almostevery navy ; andcertainly, to all appearance, | the en 
‘ they are everything that can be desired for the pur- 


ose, A general view of one of these launches is given | i 
in our illustration, Fig, 180, on page 130. Fig. 181 
is a sectional elevation of Captain McEvoy’s per- 
cussion circuit-closer for use with spar torpedoes. 
B is a ring fixed to the nose or end of the metallic 


the ring and closed at its lower end ; 
carrying a disc head D’; the spindle works in a 
cylindrical bearing at the centre of the cylinder C, 
and is pressed outward by a coiled spring, as shown; 
O is a:cap of vulcanised india-rubber with a pro-|s 
jecting flange O'; M is anut which screws on to the 


_—— the latter flange against the end of the ring 
; F F are wires coming from the o 
a battery, and connected to metallic heads F’. 


obs a blow, the dished plate N comes against the 
heads 


current to 
and exploding the torpedo. It should have been 
remarked that the cap or capsule O being made of 
india-rubber, forms a thoroughly water-tight cover- 
ing, even while readily allowing the transmission of 
a blow to the internal mechanism. 

Captain McEvoy also arranges his torpedo to be 


well as on contact with a vessel, both systems of 


firing to be in operation at one and the same time. | towards the torped : 
H! will press inwards the dise D', a dished metallic 


It is obviously important that any duplex arrange- 
ment for firing spar torpedoes must so simple P 
that a mistake in handling the wires shall be abso- 

lutely impossible, since an expedition with a spar 


how difficult it would be to keep cool with a hail of 
musket and grape-shot rainin 


every element of success should be 


sulated ; two of these wires lead from the voltaic 
battery to the 
closer, described in Fig. 181, within the torpedo, 
while the third wire connects the fuze on the torpedo 


with a contact-maker on the launch, so that thecircuit | yet introduced; indeed, it seems to us in 
may also be closed and the torpedo fired by closing | safety and erage ap that can be desi 





this contact-maker. A diagram of the arrangement is ' n 


current will likewise be passed through the fuze and 
The boats built by Messrs; Yarrow and Co, for | the torpedo caused to explode. 


torpedo so that it should be struck exactly on its 
nose, as when, for instance, it has to be inclined at 
too great an angle, the nose is provided with a 
made with larger scantlings and greater draught | spindle carrying projecting arms or a projecting cone 
and height of freeboard. That built for the Dutch | or cup. This spindle carries an india-rubber washer 
Government was 66 ft., long 10 ft., broad and 54 ft. | which is held against a collar on it by a nut, which 
P direct-acting inverted | when screwed up squeezes the washer against the 

collar and thus makes a water-tight joint. The 
spindle is attached to the nose of the torpedo in a 
similar manner by a nut which clips the outer part 
The torpedo launches of Messrs, Yarrow and {| of this india-rubber washer between it and a collar 
on the body of the torpedo. The base of the 

spindle, which is plain, rests upon a disc carried by 
Co., which are completely covered with a steel deck, |a vertical spindle from the inside of the torpedo. 
and fitted with Messrs. Thornycroft and Co.'s patent | This disc is pressed against the base of the upper 
ropeller. These vessels, fitted with Captain | spindle by a coiled spring, and carries on its under. 


rubber washer being flexible), and the disc on which 
the bottom of the spindle rests is thereby pressed 
downwards, which causes contact to be made be- 
tween the projection on its underside and the wires 
case of the by sy C a tube fitting potty within |from the battery, thereby completing the circuit 

is a spindle | and exploding the torpedo. 


Fig. 184. A is the nose or end of a metallic case or 
torpedo, on to which is soldered a ring B having a 


metallic cylinder fitted within the ring B and having 
exterior of the ring B, and presses the flange of the | an internal flange to rest upon the top fof the ring, 


cap O against a flange on the tube C, and also|a washer being placed between the 
as shown; through the bottom of the cylinder C 


ite poles of | passes a rod D ; the upper end of this rod is formed 
with a disc head D', while the lower end of the rod 
These heads project beyond a disc G of insulating | is acted upon by a coiled spring E, as shown; F F 
material, as shown; N is a dished metallic plate at|are wires coming from ; 
the back of the head D', When the head is driven battery, G a disc of insulating material in which 
the ends of the wires F are held; above the disc 
of the wires F, and establishes an eclectric|D is another disc H' on a spindle H; J is a thick 
connexion between them, thereby allowing an electric | washer of india-rubber surrounding the spindle ; 
through the electric fuzes employed | K is a nut which is screwed on to the spindle and 


to the head of the spindle H; M is a nut which 
screws on to the screw thread on the exterior of the 
ring A, and M’ an internal collar on the nut to nip 
the outer circumference of the elastic washer be- 


fired at the will of the operator on the launch, as | tween itself and the top of the cylinder C. 
’ 


establish an electric communication between them. 


torpedo boat will necessarily always be one of ex- | This will allow a current to pass through the fuze as 
treme danger, partaking something of the nature of | before explained, and the torpedo will consequently 
a forlorn hope, and it seems but right, knowing | be exploded. 


on the little vessel, | electrical apparatus and conducting wires complete, 
and with, perhaps, the bomb! bomb! of the cannon | affixed to the extremity of a spar. The torpedo is 
of neighbouring gunboats ringing in oné’s ears, that | constructed with a tube running vertically through 
revided, Ag | its centre, through which the conducting wires are led 
might have been expected from an otlicer of Cap-| to the circuit-closing mechanism. B Bis the torpedo 
tain McEvoy's experience, all these points have been | case, which may be constructed of either copper, 
duly weighed and considered, if we may judge from | Lowmoor iron, or zinc; C the projecting to 
the extreme simplicity of the arrangement adopted | which the torpedo is fixed ; E E' are two conductors 
and patented by him. It consists in connecting the | connected with the opposite poles of a voltaic 
—— with the launch by means of three wires; battery; Gis also a conductor; and F the circuit- 
enclosed in one cable, each wire being carefully in-| closer. The position of the wires within the case, and 
method of connecting fuze, is indicated by dotted 
o, or rather to the circuit- | lines. 


siderable improvement on any torpedo of its kind 
int of | 


shown at Fig, 182. A represents the battery in the 
torpedo boat, in one of the lines of the wire E' is the 


made between the wires E E', connecting the circuit- 


wire E has leading from it, near to the battery, a 
branch wire G, which passes to a contact-maker 
H, and from this contact-maker a wire G! is let 


When an elec- 
trical communication is established between the 
wires G G' by means of the contact-maker H, a 


In cases where it would be difficult to arrange the 


of the two wires from the battery. 
If the cone or arms carried by the outer spindle 
s struck the spindle is tilted to one side (the india- 


| yey which forms a contact-maker with 


The arrangement above described is shown in 
crew thread cut round its interior; C is a short 


nge and ring 


e@ opposite poles of a 


resses the washer against the top of the disc H’; 
is a cup, or it might be a number of arms, fixed 


If the cup L is struck, and either moved inwards 
o or tilted to one side, the disc 


late N on the under side of this disc will thereby 
e brought on to the heads of the wires F, and 


Fig. 183 is a side view of a spar torpedo, with 


Captain McEvoy’s torpedo is certainly a con- 


; still, 


and appreciation of the amount of engineering and 
constructive skill that has been brought to bear on 
the steam torpedo launch, we venture to express an 
opinion, based on our observations during the - 
present war, that the employment of torpedoes 
as an organised means of attack it tone to be 
abandoned. That it is obligatory on all maritime 
powers, however, to possess a small fleet of this 
useful little craft is self-evident, owing to the 
advantages they afford for harassing an enemy, and 
also for their possible usefulness in warding off 
torpedo attacks on larger vessels during a fog. 

Of course, in the case of a thick fog, it would be 
necessary for the commanders of the launches to 
exercise the greatest caution in order to avoid de- 
stroying each other’s vessels, though certainly by 
using McEvoy’s torpedo, and employing an efficient 
signalling code, or rather a series of codes for use 
alternately, the danger of accident would be reduced 
to a minimum. 

Lieutenant Commander Barnes, in his ‘ Sub- 
marine Warfare,” lays down, among other things 
as the requirements of a torpedo boat, that she 
should be age invulnerable and should expose 
as little of her surface as possible to view. It is 
needless to say that this first condition is now im- 
possible, indeed we question very much if it was 
possible even at the time Lieutenant Barnes wrote, 
And modern improvements in artillery have ren- 
derred invulnerability doubly impossible; what 
torpedo launch, for instance, could stand against a 
well-directed shot from the 8l-ton gun? It has 
been proposed to increase the thickness of the steel 
with which the deck of the Thornycroft is covered. 
This seems to us to be as erratic as Commander 
Barnes’s theory. The deck is already bullet-proof, 
they cannot hope to make it ball-proof; what then 
is to recompense for the increased weight and con- 
sequent loss of speed ? 

It seems to us that the actual requirements 
of torpedo launches are (1) speed; (2) capability 
of being a en G3) that her ma- 
chinery should rfectly noiseless ; (4) that her 
steel shell or deck should be of sufficient thickness 
to protect her crew from rifle-shot, These require- 
ments are, we believe, embodied in the Thorny- 
croft, hence there remains but little to be desired 
in this'direction. 

It seems to us that if any considerable improve- 
ment is to be made in spar torpedo warfare it must 
be looked for in the torpedoes themselves, that is 
to say in the means employed either within the tor- 
pedo or apart from it, for discharging it against a 
vessel, say thirty or fifty yards distance. 





CONTINUOUS GIRDERS. 

To THE EprTor oF ENGINEERING. 
S1r,—The graphical method of determining the moments 
of a continuous girder which your correspondent, Mr. 
Fidler, described in ENGINEERING of January 4th, and to 
which he refers again in last week’s number, has the un- 
apy ya merit of being simple, rapid, and accurate. 

‘here is, however, a serious objection to its adoption in bridge 
calculations. It does not enable one to take into account 
partial loading of the spans. Now, when we have to deal 
with travelling loads, this is very essential, for the maxima 
of the shearing forces, as well as those7of the moments in 
the proximity of the bearings, only correspond to such 
partial loading. It is true that in the case of the moments 
the error committed is slight ; not so, however, with regard 
to the shearing forces, especially in those parts of the 
ones where the moments reach their greatest negative 
values. 
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Mr. Fidler’s process is in point of fact, only a hical 
computation of the well-known formula: aie! 
M,_; L, +2M, (l, Fly) +My) In+1 


cS ed ln 4 Pn+l Un+1 
4 4 


expressing the relation existing between the bending 
moments at any three consecutive bearings, when the 
section is uniform, and when the bearings are in one and 
the same level. It implies besides that the spans are fully 
covered by the uniform loads p,, 1, and Pia ba 41° 

relation between the analyti agen Rot oe 
metrical process can ay be eee, ee t 
it may interest some of your readers, I beg to be. wed 





, representing two consecutive spans of a 





otwi and with a full knowledge 


continuous gi , the nth and the n+1st, illustrates your 
correspondent’s method. A A', B B!,CC', are the bending 
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moments M, ,, M,; and M,, , , 5 the lengths of the spans 
are J, and J, , ,, and the uniform loads per unit of length 


Py and Py41- 


The data immediately arising from the construction are : 
AF=F D=D B=}A 


BE=E G=G C=;B0. 
FL=D H=}* Pa le Paty 
8 12 
1 —Pn+1 41 
12 





E K-—G J=3 y Pati We 
8 


and lastly : 
D'H_ BO _ tat 
EK AB i, 
implicity’s sake let as write a for D H, b for E K, 
d foe" E "of for F! L, e for K E', and g for J G'. 


i h 
Then in span . Ae ren DI-FF 


™ (a—f)—M,,_, =(a—d)-(a-f) 


hence 
‘es M,_,=a+d-2f . (1) 
m BBI-D D'=D D'-FF! 
~ M, —(a-d)=(a-d)—(a-f) 
and 


M, = a+f—2d. (2) 


Adding (1) and (2) together, after multiplying the second 
2, 
™ M,_,+2M, =Sa-84. 8) 
We pass now to span B OC, and effect the same series of 
operations. It leads us to 
2M, +My,,=3d+8e¢ . (4) 
D'H 1 
Recollecting now that 2 = wE=T or e= ax 
ty , and substituting into (4) 
‘n+1 








L 
2M +M,4,=3 b+3 dx = 
™ ntl 
or 
(2M, +Myi1) U441=85%ln41 +3 axl, 
We add then (3), after multiplying it by 7, , to the last 
equation, it gives 
(M,_1+2M, )4, + 2M, +My) Gii= 
Bal, +3bly4y 
Substituting for a and 6 their value and writing the 
Pisa of the first member in a different order, we foally 
have 
Myi1 'n + 2M yg Uy yy My) ng = 
Pa la Pay that 
- — 
Q.E.D. 
Apologising for encroaching on your space at such length, 
I remain, Sir, yours obediently, 
February 7, 1878. A. O, 





To THE EpIToR OF ENGINEERING. ’ 

Srr,—In your issue of January 25th, Mr. J. Hopkinson 
gives a compact “ proof’ of Mr. C. Fidler’s pretty graphic 
method of arriving at the strains ona series of continuous 
spans. ; 

Fortunately for some of us, Mr. Hopkinson translates 
his result into a geometrical form, thus, taking Mr. Fidler’s 
diagram and letters : 

(GH—GH,)4=(KL,-KL)1I, .. a 

“which,” says he, “is the result to be proved.” Whether 

this result when proved much helps Mr. Fidler is neither 

here nor there. What I wish to show is that there are 

some cases where geometry has the best of it, both in 
simplicity and correctness of result. wer Ba . 

Thus, taking Mr. Fidler’s diagram again, his construction 


makes : 

3 AB: BC::GB:BK 
an 

HMH, and LMI, are similar triangles. 
Therefore : 
H,H:Li,::GB:BK i 
::A4B:BC (construction) 

P ze os ly ypothesis) 

an 


H,Hxl,=Li,xh 


(G H—G H))1,=(K L,—KL)1, . (2) 
Now comparing (1) and (2) we see that either the result 
by calculus poser BF ae by aa we is not 
credible), or that supposing a very slight error has 
result i gus a Keention offtna ee tod tien eee ‘ 
is got in space 

eo = correct . r i 

trust Mr. Hopkinson will believe that in i 

his result, [by no means question his skill in the calculus. 
sotbuneliand tel vied Aetidie eae hea seention ae 

Ww ? 
to slip and spoil the work. . - 
I am, Sir, &c., 
PLANE 


GEOMETRY. 


or 


February 5, 1878. 


To Tue EpiTor or ENGINEERING. 
S1r,—Mr. Fidler, in his letter of yesterday, asks me for 
the formula for the bending moment at any one of the 
ABCD EF GH be the points of support Penposod st 
@ poin sup a 
present in line, BC D EF G also represent Fi eee 
moment at these points, and c,...¢, the maximum - 


ing moment in each span when detached. Denote By by 
m, &c. I find that, let ussay, C: 





Where b is given by the consideration that y=0 when 


e=l, 

This equation gives us 4Y at either end of the girder. 
Then from these two cases we are able, just as for uniform 
gets, 16 few 0 ot of n—1 equations of condition, if 


spans. These be solved or 
tentatively, as Mr. Filler oe, fist interpreting toon 


. In mos 
easily effected by graphical methods, the labour would the, 





Now, Mr. Fidler’s solution consists of an expression of 
these equations in geometrical language, he does not give 
what corresponds in geometry to solving the equations, but 
tells us either to guess an approximate solution or to use a 
mechanical method of obtaining such an approximation. I 
quite with Mr. Fidler that his geometrical method is 
one which very readily — a solution sufficiently accurate 
for most purposes, and have merely endeavoured to show 
that the corresponding analysis and calculation are neither 
difficult nor very laborious; the labour all lies in solving 
simple equations. 

r. Fidler eae three cases of a more complicated 
character ; if eal with all three your compositors will 
certainly not bless me, and your readers will vote me a 
— ‘ oh ——— confine myself to the first, viz., 

at of a girder of varying section and irregularly loaded. 
I presume Mr. Fidler intends that tte section fe load 
shall be absolutely arbitrary, varying, continuously or not, 
from point to point. 

As inted out in my previous letter, we have only to 
treat the spans separately, and then solve simultaneous 
equations one less in number than the spans. The first 
step is all we need discuss. Take the origin at one ex- 
tremity, and let the length be 1, the load at any point will 
be a function of x, say, f(x). We have also to remark that 
EK, the rigidity of the girder, is also a function of w. The 


d a? ‘ 2 
yalues of y, Fr and E a , vary continuously, but oy 


may change its value suddenly with «. 
‘he bending couple at x 





=E ay 
dw? 
the shearing force 
—@ pdy 
ae da’ 
and we have age . 
2 
“ES 9 3 
if-tao 7 


Let us now consider our two tro wary 4 i cases. 
Case I.—No load, girder supported at A and B, bending 
moment applied at B. Here f (x)=0, and we find 
d pdty 
de de 


ey 
Whence E fy =82 since the couple vanishes with w. 
ae ?Be 
v=be+t f° i i — da 
of o LE 


to find b we remark that when «=1 y=0, therefore, b = 


dy__1 Bog, f* Be 
a-Si 
putting in this 2=0 and e=1 wo have the values of TY at 
once ante ies 
ase — ie 
bats londod calla 
en 


is merely supported at A and B 
first the pressure @ on the pier A, 


EcY = aan f* [sae 
— alt" f'sea)aer 
wanda tft wR 
v=(fifsoae—ar) f* fr pans 
rye 
SPS froae 


+ bo” 








2m + Mcp 0 0 0 0 2 (m+n, 
NgCg+ Ms Cg Ns 0 0 Na 
Ns Cy + Ny Cy 2 (ns+n,) Nm, 0 te arety* 
Me Cg tN ls MH 2 (n,+ns) Ns 0 Or ee 
Ns Co +N, Ce 0 Ns 2 (vi, +n,) %e 0 
—— “acotmrc, 9 0 Ne 2 (n, +) 0 
2 (m, + mg) Ns 0 0 0 0 
Ng 2 (ng +m5) Ns 0 0 0 
0 Ns 2 (ns-+n,) m% 0 
0 0 %, 2 (ng+n;) Ns 0 
0 0 0 Ns 2 (ns-+) Ne 
0 0 0 0 Ne 2 (ng+n7) 

This is, of course, merely the solution written down from | depend on the accuracy demanded. Indeed, step of 
inspection of the simple equations indicated in my last letter, | the pi ing could be thrown into etrical form, but 
and is by no means so dreadful as it looks. (I should here | I should doubt the safety of either geometrical rules 
remark that the equation there given should be written which may be deduced, or of the analytical formule in the 

Bi,a\h_/_C_B «e\i hands of any one who was unable to manufacture either 
3 3/n “ss = ) for himself. Geometrical methods are easy, whether 
t 3 /E, worked out geometrically or translations from the 


pad Se ee ety teat en anes ee 

lent variable ; ere place 

Thould have models, bat whee Shere 

geometrical treatment is, in feneral, wholly unsuitable. 
T am, Sir, yours 


J. HopxInson. 
4, Westminster Chambers, February 4, 1878. 





AN ENGINE TRIAL, 
To THE EDITOR oF ENGINEERING. 
Srr,—Will you kindly allow me space in your columns 
for a few observations upon the result of ‘‘ An 
Trial,” published in ENGINEERING of the 11th inst. 


Columns 5 and 7 of Table I. 21, respecti: con- 
tain the initial pressures (p sed tee mean ——— (pm) 
in the small cylinder of engine under trial; and on 


comparing these two pressures in each of the experiments 
except the fifth, it will be found that->~ has the following 


values, viz., 0.763 on Nov. 20; 0.778 on Nov. 21; 0.770 
on Nov. 22; 0.775 0n Nov. 23; and 0.760 on Nov. 25—the 


mean being 0.769. ' 

No mistake, it is evident, can have been made as 
the actual boiler pressure, because that was o » in 
each case, by means of suitable and reliable gauges. Th 
initial forms an i part of indicator 
card, which the mean pressure must have 


ts 

was, in its turn, substan’ proved by experiments with 
the brake. Consequently, could eke that it 
is possible for the ratio > to have all kinds of values, in 
total fotepent ence of the of expansion employed, 
the initial pressure could not, the anne of thn ckperimsats 
under consideration, have been either greater or less than 
it actually was. 

N ss the imenters seem to have come to the 
conclusion that the , or 


some other dimension or 
feature of the es , must have been at fault, as 
otherwise there woul ve been a closer approximation 
between the boiler pressures and the corresponding initial 


pressures. 
Now it copenee to me that the experiment of Nov. 24 
plainly indicates how a closer agreement between the boiler 
Eb prvteca bend vgn? cee at ies ; 
is by in mean cy pressure, w repre- 
conde to tent of the engine. For, on the occasion in 
question, Sie seas puesguns 1s ie Caen Senna seman 
¢ recorded on Nov. 20 by about 10 Ib., and the conse- 
quence was, that the initial , instead of being 43 Ib. 
rose to 54.5 1b. A similar approximation could 
ne decline the saumeeas aeeatica I nerf pee cy 
opting the converse Be eg Pyeng 
boiler pressure by some 8 bor 9 Ib Had the initial pres- 
sure been 54.5 lb. on Noy. 20, the mean pressure must 


have been '54.5 x 0.769=41.9 Ib., whilst it stands 
incontrovertible that the load was 


ao an corroborated by what place on 
ov. 
I am, Sir, your obedient servant, e 
January 31, 1878. : 





THE WET COPPER PROCESS. 
Me FP Epiror oe taper by 
sate Foee ooptengeunrys i uence, Vetus 
, must have set the minds of metal extractors to 
in the veported now Sak £6. SRY: Mey ae 
ahiat tered Prom te cboveasinel “named jonrnal that withthe 
by an engine of one horse power, 1120 lb, of copper 
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SPAR TORPEDOES. 


(For Description, see Page 127.) 





could be precipitated in 24 hours, and this with an expendi- 
ture of 72 Ib. of coal. ; 

The present method of throwing down copper is by scrap 
iron, which will precipitate about weight for weight. 


Taking old iron at 31. per ton, and comparing this cost | 


with an account made up from your contemporary’s state- 
ment, say roughly 72 lb. of coal 5d., and wages, ore, wear 
and tear of machinery, &e., 1s. 1d., total 1s. 6d., or 3s. 
r ton of precipitated, it would show a vast saving 
be oftectod one department of the process. 
Unfortunately, however, the estimation and apparent 


saving are only “ castles in the air,’’ as your report of Dr. | 
Siemens’ address 


(given in your issues of this and the 
previous week) s , what one can now judge to be 
nearer the mark, that a 7 work of the dynamo-electric 
machine and engine with the above consumption of fuel is 
ovly 21 Ib. of copper. We must, therefore, look to future 
discoveries and inventions of electrical appliances before 
we can utilise electricity as a precipitant in the process. 

I am, Sir, your obedient servant, 

G. B. Nicouu. 
South Down, near Devonport, February 9, 1878. 


THE PARIS EXHIBITION AND FRENCH 
PATENTS 








To THe Eprror oF ENGINEERING. 

Str, —According to the French law of July 5, 1844, a 
patentee forfeits his right if he introduces into France 
objects manufactured a similar to those which are 
protected by his French patent. 

The Minister of Agriculture and Commerce may, how- 

i introduction of speci 


ever, authorise the or m ‘ 

Having found that many intending exhibitors at the 
forthcoming Paris Exhibition are under the impression that 
exhibits be exempt from the foregoing provision of the 
patent law, I think it may be useful to warn your readers 
that such is not the case. ; ; 

Every ing exhibitor of an article patented in 
France should, before sending over that article, obtain the 
necessary permission from the Minister of Agriculture. 

Yours truly, 
W. Liorp Wiss. 
Chandos Chambers, Buckingham-street, Adelphi, 
London, February 11, 1878. 


PORTABLE ENGINE DESIGN. 
To Tue Eprror or ENGINEERING. 
S1r,—This letter is a reply to one which 
GINEERING, December 1, 1876, signed ‘‘ W. M. 
In it several — were raised, which with your per- 


mission I shall be glad to a few words upon. : 
W ht-iron crankshaft brackets and as applied 


to engines were unconditionally lemned, and 
my aim will be to show how far they have answered the 
for which they were , and to give instances 


of tho: h and ical working for some years 
Ret S speak of their several special 

tures ; in sa doing I shall refer only to those systems 
which have been in successful wor! ing for four years and 


i 





with dovetail slide into which the carriage fits, the same 
being connected to cylinder by a strong solid wrought-iron 
stay; the boiler is thus free to expand without affecting 
the engine centres. This bracket stands high in the esti- 
mation of the engineering —_— and it is undoubtedly the 
best sliding carriage in the market. The disadvan 

at forward by _— correspondent of this part 
Pracket are: ‘‘ More wearing surfaces introduced, and 
| the adjustment of the dovetails not likely to be attended to 

in practice.” One answer will suffice for toth these state- 
ments, as these engines only expand when steam is raised, 
and contract when it is levesel, which process takes place 
not more than six times in each week, and amounts to 
about 80in. of surface motion in the dovetail slide during 
one year. I think the real wear may, therefore, be said to 
be nil. The experience of one who has used a 20-horse 
engine of this kind for four years is, that the less the 
dovetails are attended to in practice the better, as it must 
oe aan twenty years before any appreciable wear takes 


place. 

3. Wrought-iron separate bracket made and rivetted to 
boiler, the same as in the last example, but the carriage 
is ie in one piece, and bolted to top of bracket or horn- 
plate, and is not connected to cylinder; this is the only 
wrought-iron separate bracket before the public at the 
present which has attained any amount of success. 











Fig. 1. 
Fig. 2 represents a pair of these brackets ; th 


i tant fi d ae h 
in cons' use for three years and are appli the 
makers to all single cylinder engines, your correspondent 
te foll —s ae They teh nr te 
C) owing words: “ They take a v r i 
on the boiler, the weight of flywheel, crankshaft, &e., 
are made to bear on a small area of the boiler, whereas the 

cast-iron saddle bracket takes a large bearing.” Fi 


eS Seen SS. a Se Oe ee 

letter might take a cast-iron bracket as illustrated 

in ENGINEERING, December 1, 1876, page 467, for com- 

ce i <> “hse Be peanenee 
bracket which 
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these figures speak for themselves. About the same pro- 
portion of bearing surface will be found in all wrought- 
iron brackets, but in this there may be an excess over 
those that are connected to the cylinder by stays, which of 
course it should have, considering it has greater strains to 
resistas it derives no support from any other part. 

4. Wrought-iron brackets, which spring or expand and 
connected to the cylinder with rigid stays, therefore allow- 
ing the engine to keep fixed centres in use for four years and 
have given good results for moderate powers and high speeds. 
For large engines it has been found somewhat cult to 
get plates sufficiently strong to stand the strain of the 
engine working and at the same time to have the required 
amount of spring to allow the boiler to expand freely. 
These brackets are constructed of one or two plates and 
fixed transversely to the boiler barrel, the carnage being 
bolted to top of plate or ap with stay attached ; 
up to the present time one thick plate has been found to 

ve better results than two or more of smaller dimensions. 

a rule, all wrought-iron brackets are rivetted to the 
boiler barrel, and therefore make a far sounder and more 
continuous connexion than with bolts. This is a point. 
where your yo yt fails to see the advantage of the 
one system over the other; perhaps he has never been 
unfortunate enough;to have seen steam escaping from most 
of the bolt holes of a cast-iron bracket ; I have, and to such 
porn as to prevent a higher pressure than 30 lb. being 


re) 7 
6. Rigid stays to cast-iron brackets. This is one of the 
best examples of the — of the stay we have on record, 
and has advantages which no other can claim, viz., 
** simplicity and cheapness.’’ The strain is taken through 
stays in a direct line on each side from cylinder to connk 
shaft carriage, and is used for all sizes and kinds of engines. 
The cast-iron brackets are considerably lightened, thus re- 
ducing the dead weight ; they are made with a somewhat 
narrow base, which is quite , as the shorter the 
base the less will the boiler plate be ined when the boiler 
cools down. To allow for expansion, these stays are pve | 

adjusted when steam is up, thus making the bracket stan 
at right angles to its base when working, but slightly 
inclined when steam is down, the engine having rigid and 
fixed centres, and the crankshaft bracket being also rigid, 
the boiler when cooling must deflect to a certain extent the 
plate to which the brackets are bolted. This appears 
to be the only drawback to an otherwise very efficient 
arrangement ; it has not however been found in practice to 
have any serious effect upon the life of an engine, and 
when we consider that engines of this system of construc- 
tion have been doing constant duty for fifteen years, it is 
an example clearly proving that the success of the = f 
principle as applied to portable engines is fully established, 
and it appears rather late for ‘‘ W. M. F. R.”’ to come for- 
ward to speak of “‘its use as a myth,” and that “the 
panne co gene. 1 must have strained at a gnat and 
’ Faces ORs: Cong ee nae fp 
satisfaction of seeing his views ied out in practice on 
ines of two of the leading firms who exhibited engines at 
Smithfield Show without stays. I shall very 
be informed which of the wrought-iron brackets, as 
illustrated in ENGINEERING, were exhibited with- 
, and whether they were shown there for the first 

T am, Sir, yours traly, 
ALBERT VICTOR. 


F 


nity 
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DURHAM’S HYDRO-STEAM GOVERNOR. 
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We give, above, an engraving of a hydro-steam 
governor, especially intended for controlling compound 
marine engines, which is now being made by Messrs. F. 
Durham and Co., of Homerton, the arrangement being 
one designed and patented by Mr. Durham, of that firm. 
The general principle upon which the regulation of speed 
is obtained in this apparatus is similar to that turned to 
account in the Huntoon and other fluid-resistance gover- 
nors, but in Mr. Durham’s arrangement, in place of the 
governor being called upon to do the work of shifting 
the throttle valve or its equivalent, it has merely to 
shift the slide valve of a small auxiliary steam cylinder 
the piston of which is coupled to the throttle valve lever 
or to the lever controlling the expansion gear, if the 
engine is to be governed by varying the cut-off. The 
effect of this arrangement is to obtain a very sudden and 
prompt closure of the throttle valve in the event of the 
engine being relieved of its load, and the action is in 
fact very similar to that which takes place when an 
engineer stands by and controls a marine engine by hand 
to prevent racing in a heavy sea. 

Referring to our engraving it will be seen the governor 
is provided with a driving pulley A, which is driven bya 
band from the engine shaft in the usual way. The pulley 
A is fixed on the shaft F, which also carries the bevel wheel 
B, gearing into the two bevel wheels C and D, which run 
on trunnions or studs on the square block E. This block 
E is fastened by a pin to the spindle N, and it has also a 
bearing on the spindle F but is loose on that-spindle. 
Encircling a portion of the spindle N, is the tubular 
spindle H, this having fixed on it at one end the bevel 
wheel G, geared into by the bevel wheels CO and D, 
already mentioned, and at the other end the bevel wheel 
I, which drives the corresponding wheel J, on the top of 
the short vertical spindle shown. This spindle J is pro- 
vided with four blades K, which run in a vessel L, filled 
with water. 

Returning now to the spindle N already referred to, it 
will be seen that it has fixed to it at one end the lever §, 
which operates the slide valve of a small auxiliary steam 
cylinder R, the piston rod T of which is coupled to the 
throttle lever of the throttle valve U or its equivalent. 
At an intermediate point on the spindle N there is also 
fixed the sheave O, having passed round it a chain which 
is thence led up to the adjustable spring Q. 

The action of the apparatus is as follows: It is evident 
from the arrangement that the hollow shaft H can only 
be driven through the bevel wheels C and D by opposing 
to the rotation of the block E(on which these wheels 
are carried) a force equivalent to the resistance ex- 
perienced by the fans K in their movement through the 
water in the vessel L. This force o to the rotation 
of the block E is afforded by the qe and by means 
of the handwheel W this foree can be adjusted to corre- 

nd with any desired speed of rotation of the fans K. 

, however, from the engine being relieved of its load, it 

should attempt to drive the fans at a higher speed than that 





determined upon, the resistance of the spring Q becomes 
insufficient, and the wheels O and D with their block 
E instead of merely acting as transmitters of motion, are 
carried round, taking the shaft N with them, and at once 
operating the slide valye of the auxiliary cylinder R. The | the plates 
result of this is the release of steam from one side of the 
piston and an immediate movement of the latter, and 
closure or partial closure of the throttle valve. 
have already said the governor is exceedingly rapid in its 
action, and it appears to us well adapted for use as a regu- 
lator of maximum speed for marine or tramway en 
as it may be set so that it in no way interferes wi 
working of the engines until just as the maximum speed 








STEEL FOR BOILER-MAKING. 
In recent numbers (vide pp. 17 and 34 ante) we published 
rt on the use of;steel for shipbuilding made to Llo; 
. Martell, the chief surve the i 
. J. Cornish 
their investigations 
inquiries as to the employment of 
and we now subjoin ti 


, and 

W. John: In addi- 

the use of steel for 

8 have also instituted 

he ‘report on. this gle by 
on ques le 

the chief engi and Mr. 


dations of this report will iancil oah ane ‘ial 
commendations 18 
add that a most valuable series of 
yd ra tha ween 
’s, an ese x 
particulars. 


s Register of British and Foreign Shipping. 
PORT ON STEEL FOR BOILER-MAKING. 
In.accordance with the Committee’s desire that we should 
he adaptability of oe for the 


interest. —. re 
experiments on the 

joints is being instituted 
ments we hope shortly to give 


investigate the subject of t 
purposes of marine boiler 


facility was afforded us of 
eee 
in man 
the Bessemer and Siemens- 
"ee ak 
to insure the 
so far as regards its 
its power to withstand 


ufacture of mild steel 








certain bending tests. 
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g 
Bee 
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H 
gs 
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d ; 
plates bs in. thick, and were on > 
eo Rao of the ultimate ae - 
each case a one- 

TT material was observed to Seal ithe 
gran racture. But with fhe ion ‘of the precise 
amount of s' lost, these tests not disclose any- 

evi well known, the fact of a 


thing that was not ‘act 
considerable eee ee steel plates from punch- 
ing having nous Seomneneay. ate public, 

+ was considered the steel manufacturers that this 
loss was due in some degree to the relative sizes of punch 
and die bei proportioned, and it would ap that 
the relative proportions most suitable for iron + sp would 
not be so for steel plates. The opinion was also expressed 
that ifjthe holes were rimed out after punching, the de- 
stroyed part would be greatly, if not entirel 
Tis wins peewee Saeetonaanas the res as eee 
ex) given in an on t 
‘“Bffects of Panching in Iron and Star Plates,” read by 
Mr. A.C. Kirk, of the firm of R. N: and Sons, at the 
recent autumn session of Institu of Naval Archi- 
tects at Glasgow. With the view of obtaining more 
precise information regarding these questions, each of the 
manufacturers has kindly prepared a set of test pieces with 
holes drilled, punched, punched and rimed, and 
and annealed, the specimens represen the pitch and 
diameter in in thick plates. We have 
also had p: a number of test pieces of iron of the 
sam? thickness as he tae specimens, to be tested at the 
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liances nor the extreme attention to the work as | made by Messrs. McNab and Co. The material of which| by the manufacturer and the farmer ; they 
at Crewe, wo are of opinion that it» not be prudent, at | the steel boiler was made was manufactured by the Barrow | have been ackno also fis 
least until further experience is , to raise the limits ; | Hematite Steel Com , whilst the iron boiler was made | cultural Societies of country, who since the year 1 
while at the same time it might advisable to recommend of Glasgow plates. ten years have awarded to the ers medals, 32 silver 


that plates used in the construction of the furnaces and 
combusti hambers be specified to withstand not 
than from 26 to 28 tons per square inch. 

With to the question of steel rivets, it has 
conclusively shown by the results of some of the 
ments made on the Tyne, that they be used wit 
much reliability as steel plates, 
they require greater care and imination 
in the working of them than those made of iron. In the 

opinion of Dr. Siemens and other authorities, the material 
of which the rivets are made should be very mild steel, 
the tensile h not exceeding 26 tons uare inch. 

It is also needfal to heat them uniformly ughout their 
” entire , and not to raise the points to a higher tem- 

perature the heads, as is the usual practice with iron 
rivets, and they should not be heated beyond a bright red 
heat. When these precautions are taken, steel rivets will 
be found to resist steady strains and also jars and concus- 
sions much better than iron rivets. 

It has been observed in many of the experiments made on 
the tensile strength of this material that the specimens 
failed by crippling behind the pins, and also in the cases of 
the tests of rivetted seams eon the Tyne, the opening 
of joint at a low stress seems to be due to the crippling of 
the material behind the rivets. It would therefore appear 

that a greater proportion of besring surface is requi 
‘with steel than with iron. As the strength of rivet steel 
bears a less ratio to that of the plates than ordinary iron 
ey do to iron plates, am a a that it = be found 
necessary to use a slig rger area of rivet com- 
with the section of the plate than is the case with 
iron. This is a question to be decided by direct experiment, 





and the course adopted by the Committee in req ry 
specimen of the longitudinal seam of the shell to be pulled 
asunder, when sanctioning the reduction in scantli of 


the steel boilers now being constructed, will afford some 
reliable data on this point. We failed to obtain any definite 
results regarding the strength of mild rivet steel to resist 


8. . 

One of the experiments made on the Tyne was with a 
steel and an iron box of about 2 ft. 6 in. square, stayed so 
as to represent the combustion chamber of the boiler, and 
which were tested by hydraulic pressure to destruction 
They were carefully gauged at various pressures, and the 
sesutis clearly penal: that flat plates of steel, stayed in 
the manner usual in combustion chambers, and with a re- 
duction in thickness of 12 cent. as compared with iron, 
have the same ultimate strength to resist buckling, but 
the deflection is much greater, and permanent set takes 
place earlier in steel than iniron. | 

Not less important than the strength of boilers con- 
stracted of steel is the effect of corrosion on this material 
a3 compared with iron. The scantlings of steel boilers 
being lighter than those of boilers made of iron, an equal 
amoant of corrosion would considerably shorten their lives 
compared with iron boilers. Indeed corrosion is the great 
difficulty with engineers of the present day, and there can 
be little doubt that the question of durability will exercise 
as much, if not greater influence than lightness or increased 
pressure, on the ultimate decision as to the adoption of 
steel for marine boilers. The experience of some years, 
however, will be needed to decide this point, and as the 
effects of corrosion on iron boilers vary with the different 
modes of treatment to which the boilers are subjected, it 
will even then be nec , before forming an opinion 
upon the condition of an old steel boiler, to inquire what 
would have been the result with an iron boiler placed under 
similar circumstances, and receiving exactly similar treat- 


ment. 

In the paddle-steamer Duke of Sutherland, belonging to 
the London and North-Western Railway Company, there 
are two iron and two steel boilers working under identical 
conditions ; and the dle-steamer Walney, owned by the 
Barrow-in-Furness Railway Company, is fitted with an 
iron and a steel boiler, both of which have been in use for 
about six years, also under identical conditions. By the 
kindness of Captain Dent, merine superintendent of the 
London and North-Western Railway Company at Holyhead, 
and of Mr. H. Cook, secretary of the w-in-F'urness 
Railway Company, permission was given for an examina- 
tion to be made of these boilers. The Duke of Sutherland 
is engaged in the trade between Holyhead and Kingstown, 
and her boilers were made at the company’s locomotive 
works at Crewe, about two years ago. They are of the 
old recta form, with ~ bottoms and steam 
chests throagh which the uptakes pass, they supply steam 
to a pair of oscillating engines with common jet condensers, 
made by Messrs. Robert Stephenson and Co., of Newcastle, 
and are worked at a pressure of 20 1b. per square inch. 
These boilers are in good condition, with the exception. of 
some parts of the uptakes and sides near them ; at these 
parts in both the iron and the steel boilerscorrosion appears 
to be going on rapidly, and to a sligh'ly freater degree in 
the steel boiler than in the iron one. , No perceptible 
difference in the extent of corrosion could be o ed in 
any part of the boilers below the water line, and the fur- 
naces, tube plates, and combustion chambers a 
be in good condition ; but as the boilers have not 
use for more than two 
jet condenser, it is not to be 
show sufficient symptoms of decay upon which 


to 
n in 
and are fed from an ordinary 
expected that gape yet 
express 

any definite opinion as to the relative corrosion in iron and 


steel. 

In the case of the Walney, both boilers were made by 
Messrs. McNab and Co., of Greenock, in 1868. They 
are of almost the same description as those in the Duke of 
Sutherland, the pressure in this instance being 30 lb. per 
steam are 


. ae it is now since 
the —— — constr = By ik > , ee we Be 
superin' ing engineer, s he whole time during 
which they have been — is little over six years. As 
was to be expected from the age of these boilers they are 
both ey worn, but the deterioration caused by 
corrosion is much greater in the steel boiler than in the iron 
one ; and especially is this so in the uptake, the back plates 
of the combustion chambers, , and other parts 
subject to the action of heat. A very noticeable feature in the 
condition of these two boilers is that while the corrosion in 
she iron one is pretty equally distributed over all the boiler, 
in the steel one there is a great want of uniformity in the 
effects upon the different 2 ya some of these plates being 
apparently almost corroded t h, and others by the side 
of them being in as perfect a condition—so far as regards 
corrosion—as when they first left the rolls. 

At an interview with Mr. J. J. Smith, the ma 
the Barrow Hematite Steel Works, he explained 
the time these plates were made the Ww. and ex- 
perience in the manufacture of Bessemer steel was com- 
paratively limited, ferro-manganese was scarcely known, 
and not used in any Bessemer steel works, and the general 
mode of making steel was such as to render it impossible to 
secure uniform ‘results. Mr. McNab, the maker of the 
boiler, also states that he sometimes found t inequality 
in the material, even in different of the same plate. 
The results witnessed in the steel boiler of the Walney may 
therefore be due to the want of homogeneity in the plates 
used, and cannot be taken as a criterion of the effects of 
corrosion on mild steel as at present manufactured. 

In conclusion we would remark that in the construction 
of steel boilers greater care and attention must be exercised 
with the workmanship than is required in the case of iron 
boilers ; and the difference between the two materials an 
the consequent different manipulation required in each case, 
must be realised, not only by the manager but by the 
workmen who will have to use the material; for, if steel 
plates are drifted heavily and knocked about as iron plates 
usually are in bellermakion, the material will be injured. 
We may expect to see steel boilers extensively used in pre- 
ference to those made of iron, where lightness or increased 
pressure is an object, while if they are made with the care 
that this inoteatal ial requires, and eventually prove to be as 
durable as iron boilers, it will be a question whether a con- 
siderable reduction in the factor of safety may not be found 
quite compatible with perfect safety and efficiency. 

After having given all the circumstances in connexion 
with the whole matter our most careful consideration, we 
would respectfully submit that where it is proposed to use 
steel boilers in vessels intended for classification in this 
Society’s Register Book, the requirements of the case would 
be met sanctioning a reduction from the scantlngs 
prescribed by the rules for iron boilers, in the’ shell plates 
and stays to the extent of 25 per cent., and in the flat plates 
not subject to the action of heat, to the extent of 12 per 
cent., under the following conditions : 

1. The material to have an ultimate tensile strength of 
not less than 26 tons and not more than 30 tons per square 
inch of section. 

2. A strip cut from every plate used in the construction 
of the furnaces and combustion chambers, and strips cut 
from other plates taken indiscriminately, heated uniformly 
to a low cherry-red heat, and quenched in water of 82 deg. 
Fahrenheit, must stand bending to a curve of which the 
inner radius is not greater than one and a half times the 
thickness of the plates tested. 

8. All the holes to be drilled, or if they be punched the 
plates to be afterwards annealed. 

4. All plates, except those that are in compression, that 
are dished or flanged, or in any way worked in the fire, to 
be annealed after the operations are completed. 

5. The boilers upon completion to be tested in the pre- 
sence of one of the Society’s engineer-surveyors to not 


r of 


less than twice the intended worki ressure. 
Wi.u1AM Parker, Chief Engineer-Surveyor. 
James MILTON, i eer-Surveyor. 
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AGRICULTURAL LOCOMOTIVES.* 
By a ose Memb. . C.E. 

Tux object of the present paper is to lay briefly before 
this meeting some t of the disabilities peer which 
the users and manufacturers of agricultural locomotives 
are at present la ing. 

The application of locomotive steam power to agriculture 
has been a work of no ordinary cost and difficulty. It has 
been necessary tO contend against_the usual prejudices, 
interests, and opposition which seem to be the fate of all 
inventions important enough to make a noise at and after 
birth. There are people, and there always will be — English 
people ially—who receive efforts meant to improve 
their social welfare, as they do the medicines prescribed for 
their mental or bodily health. A disposition of this sort is 
inherited with other family traits, and it would therefore 
be as foolish to wonder much at it as to ignore it. 

But besides this inevital i , others mor to 





be a a assistant to or sub- 
stitute for the always costly and increasingly costly horse. 
All these and other pressing conditions have been fulfilled 





t at | has 


medals, and 9 bronze medals ; and money prizes 

to between 5000/. and 60001.; besides expending upon 
trials of this class of machinery a further sum of at least 
30,0001. Of the above the Royal icultural Society of 
England have contributed 23,8131., exclusive of the cost of 
ela testing apparatus, designed by their eminent con- 
sulting engineers. 

It is estimated that steam engines of the agricultural 
locomotive class, representing 30,000 horse power nominal, 
and, with the dow + ery they drive, valued at 2,000,000 
sterling, are employed at present in icultural opera- 
tions ; yet, notwithstanding this vast to the avail- 
able working some of the country, draught horses have 
risen in value during the past twenty years at least 25 per 
cent. Facts such as these need only to be better known to 
obtain for the steam substitute for the horse the same degree 
of popularity with the majority of the public in general, as it 
: long ago won from the majority of English and Scotch 

‘armers. 

Acts of Parliament have from time to time been sed 
for the purpose of better regulating the use of loco- 
motives, in the interest of the owners as well as of the 
public, andthe opening words of one of them, ‘‘ Whereas 
the use of locomotives is likely to become common on 
turnpike and other roads,”’ shows that the Legislature as 
early at least as 1861 saw the importance of the move- 
ment and designed to encouw it. There obviously was 
no desire to discourage it, and the unreasoning persecu- 
tion to be referred to further on would assuredly have then 
met with no parliamentary approval. These Acts have 
done much to remove glaringly unjust or absurd restric- 
tions, but they have not done all they could have done. 
Anomalies absurdities still remain, some the effect of 


dj timidity in presence of a little known and much-feared 


power; others the token of successful interested oppo- 
sition. To them we are indebted for the very energetic 
crusade just now being made against all engines running 
on the highways under their own steam instead of in 
charge of eight to twenty horses or more. It is about this 
persecution we wish to speak more fully. 

In the session of 1873 the House of Commons appointed 
a Select Committee ‘‘to inquire into the effect of the use 
of locomotive engines on turnpike and other public roads, 
and as to the limitations and restrictions which ought to 
be imposed by law on their use upon such ro for 
securing the public safety and protecting the public in- 
terests,"" The members of the Committee were: Mr. 
Hibbert, Mr. Frederick Stanley, Mr. Biddulph, Mr. 
Wilbraham Egerton, Mr. James Howard, Mr. Hick, 
Lord George Cavendish, Mr. Holt, Mr. Hurst, Mr. As- 
sheton, Mr. William Wells, Sir George Jenkinson, Mr. 
Fordyce, Mr. Greville-Nugent, and Mr. rae 

In their rt the Committee state that they had en- 
deavoured as far as possible to obtain witnesses who were 
representatives of various interests, and also to procure 
the evidence of persons from all parts of the country who 
were opposed to the use of steam on roads; and they add : 
“ The ar amount of capital invested shows the national 
importance of the partial substitution of steam for horse 
power; and the increasing cost of horses and of their 
maintenance renders this question one of great moment to 
large employers of labour and to others.’’ The report 
touches upon all the moot clauses of the Locomotive Acts, 
and considers vi fully the criticisms brought against 
them, as well by those who wish well to the engines as by 
those who woul ne them ; the recommendations 
attached to it by the Committee would, if embodied in a 
new Act of Parliament, far to satisfy the reasoning 
majority of both sides alike. Unfortunately, no legisla- 
tion has yet resulted from the Committee’s labours, and in 
the meanwhile the party inimical to the use of agricultural 
locomotive steam engines has become so active and merci- 
less that to move an engine from one part of a district to 
another is to ran the risk of a summons for some possible 
or inevitable ro aera of the Acts as interpreted by 
these opponents to their use. This is veritable persecution, 
and to this all owners of such engines are liable so long as 
the Acts of 1861 and 1865 are in force, for under those Acts 
it is a to construct locomotives fit for the work 
required of them without infringing one or other of their 
clauses. Ofthe twenty agricultural iocomotives exhibited 
at the late show of the Smithfield Club there was not one 
against which an enterprising county policeman, properly 
instructed, might not have a conviction. 

The clauses of the Locomotive Acts of 1861 and 1865, 
which are —— by their adversaries as afford- 
ing ground for persecution, are those concerned with the 
form of — wheels, the consumption of smoke, the red 
flagman, the crossing of bridges, and the time-limit for 


travelling. 
First, as to the shape of the wheels of an engine. The 
regulations affecting their construction are the offspring of 


an Act of Parliament now no longer in force, which was 

= by the interested in the ‘‘ Boydell Endless 

ilway’’ system, and with the view of reducing the turn- 

pike tolls at that time nearly prohibitory in their effect 
road engines, A in this Bi 


upon clause in this Bill forbad the em- 
sigue of any engine on Bl par road unless its driving- 
wheels were smooth-soled cylindrical, or fitted (as was 
the Boydell engine) with shoes of 9in. or more in width ; 
and this clause was in the existing Acts of 1861 
and 1865, in spite of the 


protest of the of the 
Acts. It follows that, as ordinarily well- 

on the face, in the proportion of half an inch curve 
to one foot width of roadway or thereabouts, a wheel con- 
structed with a cylindrical would take its bearing on 
the road, more or less, with the inner side of the 








square inch. The engines to which they supply 
a pair of steeple engines with common jet con 





ensers, also 


* Read before the London Farmers’ Club. 





wheel ; and, therefore, without the cross-bars, with which 
all these engines are illegally (according to the letter, 
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though not the spirit of the Acts) fitted, the wheels would 
slip, and cause far greater damage to the roads than do 
the cross-bars against which so much clamonr is raised. 

In estimating the omepeeeer wear upon roads from 
wheeled carriages and horses drawing them, General 
Morin, the eminent French engineer and director of the 
Conservatoire des Arts et Métiers of Paris, found that 
two-thirds of the wear is due to the action of the horses’ 
shoes ; and Mr. John, a well-known surveyor of roads in 
Scotland, gives it as his opinion that ‘‘ one great cause of 
disturbance of the road metalling is the method, mow so 
common, of shoeing draught-horses with very long toe 
pieces and heels, which tear up the metal, and render the 
roads rough and dangerous, especially in dry seasons.’’ 
Now, although in ordinary c the maximum injury is 
thus rightly attributed to the horse’s tread and not to 
friction or pressure of cart-wheels, yet constant passing of 
vehicles in one track does greatly cut up soft roads, espe- 
cially in bad weather, as every one knows ; and it cannot 
be denied that considerable damage has been done to such 
weak roads by the frequent passage of heavy engines, haul- 
ing trains of wagons fitted with wheels of insufficient width 
for the load carried. But where aga not exceeding 
8 horse power, nominal, have been for hauling work, 
and when the wagons hauled by them have wheels 
8 in. in width, carrying loads not ex ing 6 tons on each 
wagon, the front whee s travelling within the track of the 
hind ones, it can be proved that less injury is caused to 
well-constructed roads than would result from the same 

t of t ge being drawn by horses. It is hoped 
that some measure having for its object the establishment 
of County Highway Boards will be this session, 
and that these Boards will readjust the burden of main- 
taining the public roads, so that no unfair proportion 
shall, as at present (now that the turnpike trusts have 
Inpeod), fall upon the shoulders of any section of the public. 

he smoke clause in the Acts has been fruitful of sum- 
monses, and convictions have been enforced against the 
owners of agricultural locomotives for not doing what 
indeed these Acts enjoin them to do, but what it is at 
present impossible for them to do—consume their own 
smoke. As yet engineers have been unable to construct 
either railway or road locomotive engines that can burn 
coal without producing some smoke, and it is a 
honest to visit this infraction of the law upon the agricul- 
tural engine, while the railway locomotive can make smoke 
with impunity. 

In many country districts smokeless fuel cannot Le pro- 
cured, | it was the recollection of this that induced the 
Committee of 1873 to Pe ne mt relaxation = ee 
junction in the case o icultural engines working habi- 
tually in the country. This consideration , it cannot 
with justice be seriously maintained that injury is done or 
nuisance ca to anyone inthe country by the smoke, 
which, for a few moments after stoki issues from the 
engine funnel. Any careful driver id take care that 
these periods of smoke emission were kept at a minimum, 
if only to show a good result in coal consumption, and the 
employer has it in his power to check his driver in this 
respect. It would seldom be necessary for a man to feed 
his fire when pay through, or just about to ws 
through, a village or by any houses on the roadside. e 
conditions are different for town ines, and the circum- 
stance, as we have seen, was recognised by the Committee. 
Coke or smokeless coal is erally ble and can 
always be obtained by foret ought ; ‘ore excuses for 
emitting smoke in a town might very reasonably be held 
valid only in respect of country engines ing a chance 
passage through. 

Another clause of the Locomotive Acts enacts that a 
person is to precede an engine, when travelling on the 
public roads, a distance of 60 yards, and is to a red 
flag, and the regulation has been provocative of much 
annoyance and many prosecutions before magistrates; for 
let the flag carrier lag in his pace, and so bring himself 
wilfully or accidentally into much better relation to the 
engine in case his services are required to assist restive 
horses, or give confidence to timid riders, and straightwa; 
some zealous guardian of the law haps the timi 
horseman himself who accepts of help but abuses the 
helper) obtains a summons against the owner, and presses 
for the utmost penalty. Now, obviously, the object aimed 
at in the clause is the protection of the driving and riding 
ublic, and as, owing to the low speed of the locomotives 
| om miles in towns and four in the country being the legal 
maximum), horses as frequently overtake as meet them, the 
place where this person would be of most assistance is near 
bo engine, aud not 60 yards away from it in one or other 
irection. 


The dange 
good deal illusory or e 





r to horses pointed at by this provision is a 
ted, and is a subject for 


alarm chiefly to those who have little acquaintance with | re; 
‘the locomotives; it has no existence in the minds | ali 


of persons accustomed to meet or pass them either ridi 

or driving, provided their horses are as intelligent ‘ond 
manageable as they ought to be. For the reassarance of 
the former class we may point to im t evidence heard, 
and conclusions drawn, by_ more one Parliamentary 
Committee who have considered this matter among others. 
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“The classes oameng’ ween of 
e clauses upon the passage 
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and sometimes to 
stances occur where the hours for cuaning ape 
eight out of the twenty-four, and where eigh 
i been chosen with the avowed object of 

. Again, no notices 


’ | Australia and Europe has been imperfect during the last 
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affixed, as they 
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geniched rigorously, the maximum i 
ne the law permits being inflicted 


one, Ww! engaged 

been anxious to cheapen rat 
of carriage. Every one is alike in 
seeing how large an item 
St. SS oe to 
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this Tadd 


ing but what exactly 

0 zs ms bape we 3, x year ge in- 
engineer, gave it as his opinion, before the same 
tha he starting horse is 

and noone has a right to bring a wild beas' 
or roads. . .. What grooms call ‘a fool of a horse’ is not 
horse worth keeping is worth 
the conclusion arrived at by the 
Committee of 1873, and given as follows in their report. ° 
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‘* Danger to Horses, &c. 


Locomoti 


ve 


They will shy at a showman’s van, a band of music, a 
wheelbarrow, and their 
untanght natures. Mr. 


a wild beast, 
to the streets 


“* 9, Upon this point a considerable difference of opinion 
exists among the various witnesses who have given evidence 
Several users of engines stated 
ief that with the majority of horses a very short 
time suffices to accustom them completely to the sight and 
sound of a road locomotive. i 
cluding steam rollers) are working by. day, an 


ines (in- 
in some 


day and ight, in the streets of London, 
iW, vin Ay wnt Rochester, and other 
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terested in 
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towns, and few complaints have arisen in consequence 


**10. As small engines are now employed in all direc- 
tions for contractors’ work, steam fire-engi 

ing daily through streets and among horses, and as at most 
railway stations locomotives are habitually ran within a 
few feet of horses and carriages 

are known to result from these practices, it 
able to conclude that horses in towns will 


gines, &c., pass- 


, and as few or no accidents 
seems reason- 
not take much 


**11. A distinction was drawn by several of the wit- 
nesses between the amount of difficulty likely to be expe- 
rienced with horses in towns and with those in the country. 
It appears to your Committee that there is little doubt that 
in some rural districts the introduction of locomotives 
upon the roads would be attended with greater incon- 
venience than would be the case in towns ; but the evidence 
is almost unanimous to the effect, that this inconvenience 
soon disappears, although there are, 
will be, some few 

ine, as they will at many other objects. 

* 12. Even some of the witnesses, who are opposed to 
the use of road locomotives, admitted that horses soon get 
used to the — _ — of engines, a the bere 
machinery for farm purposes say hing o' 
used on farms, and not habitually tra- 
. must accustom them to the appearance 
road i 
remodelling. 
road surveyor or bridge 
bridges being too weak 
t, to prohibit by notice boards the use of 
i district for the 
agricultural locomotives, and in several cases this arbi 
and impolitic course has taken. 
t, but not least, of the defects in the Acts is 
the clauses which empower i 

hich road locomotive 

, as some of these 
authorities have hitherto too often done, all steam trafficas 
a nuisance to be put down if possible—to be i 
extinction is impracticable—the power here given by the 
Legislature, with fair, well-meaning intent, has been unne- | Office 
cessarily and unfairly put into operation to the detriment, 
the ruin, of owners of such engines. In- 
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connexion. Let town-working engines be restricted to 
smokeless fuels, and let country locomotives be allowed 
pn ge time after stoking for getting rid of their 
smoke. 


3. The red flag should not be insisted upon, and the per- 
son required for the public safety should be allowed to 
accom the engine—not compelled to e it. 

4. ige-wardens or survéyors should be uired to 
have their bri strengthened wherever through neglect 
they have become unable to bear the load they were ori- 
ginally calculated to do ; and on | weak 


00 to 
: both ap- 
proaches attesting the maximum weight assumed to be 
——t with —. ‘ The se Fd the engine-owners, 
empowered at any time ve any bridge upon 
which such a nofice board had been fixed pier and 
tested ‘by a competent architect or engineer, provided it 
were oe : own e ree. 
ie hours during which an engine is allowed to work 
should, unless good cause be shown for maintaining restric- 
tions, be absolutely unlimited. rictions where imposed 
should be reasonable, in no case curtailing the engine’s 
freedom d eight consecutive hours out of the twenty- 
four ; and these cases of restrictions should be confined 
towns of 30,000 inhabitants or upwards. 

When the opposition, encountered by the earliest pro- 
moters of railways is remembered, and the wild prophecies 
indulged in abont the consequences of allowing ines 
and carriages to rush through the country at the rate of 
twelve miles an hour, no surprise need be felt at the storm 

breaking over the owners of road locomotives and 
ors; but there is reason for disconteut, and every 
motive for exertion in counteracting the doings of the. 
obstructives, in removing restrictions on freedom of work, 
= oe Be <7 ing in eng mind a better knowled 
¢ agency are itting to be so 
treated. The exertions should Bor be dbsoctiones until 
a new Locomotive Act is obtained, suited to the more 
state of the question than are those Acts drawn 


o 


F 


up fif ago, when the agricultural locomotive 
engine was in its y, and more just to a vast and im-. 
portant interest—the most important in the kingdom—the 


t 

agricultural interest. The farmers, by the removal of the 
corn laws, and by the enhanced cost of labour, have 
made to part with no small share of their- profits to the 
public at large; they ask from the public this, amo 
other things, in return: liberty to make freely the utm 
t use of a power offered to them, and which they 

is not only cheaper than their own horse power, but 
ean do work that their horses cannot do. 


FOREIGN AND COLONIAL NOTES. 
French Public Works.—The intention is attributed to 
the French Government of ing 40,000,000. duri 
the next ten years in the improvement and establishmen’ 
of ports, navigable rivers, and canals. 
American Patents.—The destruction “4 fire of the 
oe of the ——S — United pe — 
ashington, a movement am e- 
rican inventors for a radical change in the Ametene guleals 
laws. It is argued that the present cost of American 
patents is excessive, and tly detrimental to invention 
and national progress. At present the model, the Patent 
the agent’s fee, and other expenses, average 
dols. It is proposed to abolish models and 
», granting patents to all who apply, as in 
] the t to the invention to be contested 
$ue tab Amante, the peiated oposthcotlon, usd the paiva, 
‘or wing, i n, and the patent, 
which together will cost on an average about 5 dols. 


Australian Telegraphy.—Cable communication betweer. 





three months. 


gos. fous break was reported to have 
occurred in the Penang Bi. 
considera! 


i from 

reached Australia within a week of the date of despatch 

time past. The necessity of duplica the 

cables between Australia and Singapore has been clearly 
established. 

Telephones.—About a dozen aph offices 

— been i i * 

ve 


German telegr. 

with telephones, and these 

effective, as 48 more 
similar instruments. 
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THE PARIS EXHIBITION.—No. XVI. 
STEAM Power, 


Tue conditions under which the necessary steam 
power for the French sections is to be supplied 
will be understood from the following, which re- 
iates to Sections I. and I. of the French Machinery 
Hall. The contractors will undertake to furnish 
all the steam necessary for driving the different 
motors, and for all other apparatus required for 
the sections to which they refer, the daily quantity 
of steam needed being estimated at 44,0001b. The 


THE PENNSYLVANIA 
two sections, which are separated by a passage 
16 ft. 4in. wide, have a total length of 344 ft. 6 in. 
Three boilers will have to be provided having a 
minimum heating surface of 3228 square feet. The 
building in which they will be placed has a width 
of 32 ft. 9in., and a length of 46 ft.; it stands pa- 
rallel to the longitudinal axis of the hall, and 46 ft. 
clear of the outer gallery. The chimney, which 
will be on the axis of the boiler-house, has a height 
of 98 ft.5in. The boilers will have to be fitted 
with all the safety appliances prescribed by the 
law of the 28th January, 1865, and the contractors 
will also have to supply any additional indicating 
apparatus the Administration of the Exhibition may 
consider requisite. The production of smoke must be 
avoided by the best means available. Steam will 


be conducted from the boilers to the motors and 





RAILROAD ; 





different apparatus, in copper or wrought-iron pipes, 
the diameters of which must be such as to prevent 
any considerable loss of pressure. Between the 
boiler-house and the Machinery Hall, the pipes will 
be placed in a subway constructed by the Di- 
rection of Works and at the cost of the Administra- 
tion, and perpendicular to the longitudinal axis of 
the hall. inode the latter it will be divided into 
two branches of smaller diameter, each of which 
will be carried to one of the motors of the section. 
At the end of the conduit a special canalisation will 
be made to bring the steam pipes to other appa- 
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PULPIT ROCKS 


ratus in the sections to be set in motion by steam 
direct, With the same object, means for making 
steam connexions will be provided at intervals of 
33 ft. along the whole length of the pipes, Steam traps 
provided by the exhibitors = be placed at the 
points where branches occur. The pipes in all cases 
will have to be laid by the contractors according to 
the instructions of the engineer in charge of the 
Installation of Machinery. The water required to 
supply the boilers, as well as that for condensa- 
tion, will be furnished gratuitously to the con- 
tractors, one branch from the adjacent main being 
taken to the boiler-house and another to the con- 
densers. Motion will be given to the main shaft of 
the section by a horizontal engine capable of trans- 
mitting at least an actual force of forty horse power 


awe 

~~ & 

< em  E 
Pe re : : 


ROUND ISLAND, ON THE RIVER SUSQUEHANNA. 


Transmission will be effected direct from a belt on 
the flywheel to a pulley mounted on the transmission 
shaft, and the speed of which is fixed at 120 revo- 
lutions per minute. The contractors undertake to 
place themselves at the service of the Engine Con- 
sulting Committee, in order to assist them in car- 
rying out such investigations as they may think 
necessary, such as making brake trials, taking in- 
dicator diagrams, measuring waste heat, &c. The 
construction of the foundations of the engines will be 
at the charge of the contractors, and will be carried 
out in accordance with the drawings provided. They 
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will also have to furnish the shafting of Section IT. 
This shafting will have a total length of 180 ft. 5 in., 
and will consist of a central portion about 8 ft. 
long, and from 4.72in. to 5.12in. in diameter, 
coupled by means of sleeves to two other shafts 
3.15 in. in diameter. ‘The contractors will only 
have to furnish the main driving pulleys, but 
they will have to fix all the pulleys supplied by 
the exhibitors, All _beari will be at their 
charge, the system adopted being left to them— 
subject to the approval of the Administration—and 
they will also be responsible for lubrication of the 
engines and all bearings during the period of the 
Exhibition. Machinery will be in motion seven 
hours daily, from 10 in the morning till 6 in the 
evening, one hour’s rest in the middle of the day 





with a steam pressure of 1501lb. per square inch. | being allowed. The Administration has the power, 
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however, for the convenience of the jury, and for 
other reasons, to modify the hours of work, and to 
increase the period if necessary; in the latter case, 
however, the contractors would receive extra pay- 
ment, One day’s rest in each month will be allowed 
for inspection, cleaning, making small repairs, &c. 
This day will be decided by the Administration, 
except in the case of accident, The duration of 
the contracts corresponds with the period during 
which the Exhibition will be open, that is to say, 
from the lst of May to the 3lst of October, 1878, 
but the Administration reserves the right to vary this 
period within limits of increase or diminution of 
50 days, and the amount paid to the contractors 
will be augmented or reduced to correspond. Sub- 
ject to the various conditions stipulated the con- 
tract amount for this work is fixed at 1720/., the 
amount of steam furnished daily being 44,000 lb. 
In case this daily production taken over the 
period of the contract—180 days—exceeds the above 
amount, the excess shall be paid for at the rate of 
2.38. per 1000 lb. of steam, whilst if the service of the 
Machinery Hall does not require so large an amount, 
the contractors shall have the benefit of the reduc- 
tion. If the time of the Exhibition should be ex- 
tended beyond the 31st of October, the excess paid 
will be based on the price of 2.388. per 1000 Ib. of 
steam, and a corresponding deduction will be made 
if the Exhibition closes before that date. The Ad- 
ministration reserves to itself the right — for the 
better adjustment of accounts—to make any expe- 
riments or records desirable, of the steam pro- 
duction of the boilers, and to take all ible 
means of insuring the necessary service for the 
machinery in motion. The cost of all riments 
and trials before the opening of the Exhibition will 
be at the cost of the contractors. In case the 
riod of daily work above-mentioned should be 
increased, the payment for such increase is fixed at 
ls. 8d. per hour for each hour of such increase, no 
matter how many workmen may be employed. 

The price of 1720/. will include the whole of the 
expenses incurred in the production of steam for the 
motors and apparatus for Sections I. and II., as 
well as the establishment on one side of the shaft- 
ing ; it includes, in a word, all the details indicated 
above, 








STEINER’S TASEOMETER. 

Mr, Sremer, of Vienna, has lately constructed 
an apparatus for measuring the strains in structures 
which hecallsa ‘‘taseometer.” Although the principle 
embodied in this instrument is not new, yet the con- 
struction of the apparatus is a decided improvement, 
and we shall therefore give a brief description of it. 

It is well known that the note given out by a 
stretched wire or strip of metal depends on the 
tension to which this wire or strip is subjected. 
Now, it has been already proposed to utilise this fact 
for measuring the strains in the various members of 
bridges or other structures, For this purpose a wire 
was to be stretched along the body or bar to be 
tested, and, as the ends of the wire would be firmly 
attached to the bar, the wire would vary in length 
by the same amount as the bar. It would thus 
only be necessary to measure the variation in length 
of the wire, and this was to be done by —ae 
the tone given out by it after the load been 
— to the bar with that before the application 
of the load. As however this comparison had to be 
done by the ear, it is evident that no very exact 
results could be obtained, for it required a highly- 
cultivated musical sense to discern various intervals 
of tones, the more so when the, two tones are not 
sounded in immediate succession. 

In Mr. Steiner’s taseometer this fault is done away 
with by automatic registration of the tones, the 
vibrating wire, or rather steel band, tracing its 
motions on a sooted surface inthe same way as in 
the well-known phonantograph. The vibrations of 
a tuning-fork, which is sounded at the same time, 
are shown graphically on the same sooted surface, 
and serve as a standard by which the vibrations of 
the steel band are measured. Thus not only is 
any uncertainty in judging of the various tones 
avoided, but the tables with the vibratory curves 
inscribed on them can be also kept as lasting docu- 
ments of the tests and experiments made, and the 
calculation of the strains from these curves can be 
done at leisure at any time and place that might be 
found convenient. 

Another improvement introduced by Mr. Steiner 
is the use of two steel bands, by which it becomes 


body, and to ascertain the amount of curvature of a 
bar under a certain load with more exactness than 
would be possible with the usual direct measure- 
ment of the “set.” All this will be better understood 
after a short description of the instrument which is 
shown (in outline) in Fig. 1. With reference to 
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this figure, B, B, are two screw clamps, which, by 
means of the screws SS, are firmly attached to the 
body T to be tested. Between these clamps two fine 
steel bands A, A, are stretched, their tension being 
adjustable by the screws a,a,. To the clamp B, 
there is also fastened a taning-fork, which at the ex- 
tremity of one of its prongs bears a fine point directed 
sideways and serving to write on the sooted table to 
be mentioned hereafter ; similar points are attached 
to the steel bands atpp. Dis a frame bearing 
a sooted glass table or paper board, this frame being 
constantly drawn to the clamp B, by a spring not 
shown in the figure. As a matter of course guides 
are provided between B, and B, to lead the 
frame D,'§ these guides being omitted from the 
engraving. When the instrument has to be used 
the clamps are fastened to the body to be tested, 
the steel bands are adjusted to a proper tension, 
and the frame D is drawn to the right into the 
position shown in the figure. It would immediately 
return to B,, being drawn there by a spring, as 
mentioned, and to prevent this a special fork F 
(see also Fig. 2) is inserted, this fork not only hold- 
ing the frame D in its position, but also forcing 
asunder the prongs of the tuning-fork and the steel 
bands, thus making the apparatus ready for action, 
When the fork F is withdrawn, which may be done 
by a line from any distance, the bands as well as 
the tuning-fork are set into vibration, while the 
frame D moves back to the clamp B,. From this it 
is evident that when the instrument is applied, as 
described, first to the body Tin its normal con- 
dition, the points of ‘the steel bands and of the 
tuning-fork will inscribe certain vibratory lines on 
the plate D after the fork F had been withdrawn. 
There are three such wave lines on the plate D, 
Fig. 3, and they are used in the following manner. 
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Having fixed a certain length m we have to ascertain 
the number of waves to this length in each line, 
this number being xg, #,, and x, respectively, we 
calculate the proportions vg="? »,=2!. 

No No 
Having then inserted a new plate into the instru- 
ment, and having made it ready for action again, 
we apply our load to the body T, and, withdrawing 
the fork F, we get a new set of vibratory lines. 
veer as before we find two other proportions 

9 an Tt 

Now, if the body T is only stretched or compressed, 
both steel bands are affected equally, if, however, 
the body is bent at the same time, they will be 
affected in a different manner, as may be seen from 
Fig. 4, and it can be easily understood that it will be 





possible to calculate from the data of the instru- 
ment the radius of curvature of the bent body, and 
thus to find also the stress in any fibre of a certain 
cross section, Mr. Steiner gives the following 
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whose distance from the upper steel band is 
(Fig. 4). 
Stress 

[¥=2-w" Jo.F -* & [ 

—(a—a') At.E - @) 
where v, v2 V, V2 are the values found as shown 
before, E is the modulus of elasticity of the body 
tested, / the original length of the steel bands; 
C, C, are coefficients which must be determined 
beforehand by experiment, as they depend on the 
dimensions and material of the instrument ; ay ay 
and z will be found in Fig. 4. The value (¢-«q') 
At. Eis a correction for change of temperature, (7 
being the difference of temperature between the first 
and the second experiment, a' the coefficient of ex- 
pansion of the steel bands, a the same for the body 
tested. In the vast majority of cases, however, this 
correction will be found so small, as to be omitted 
without any appreciable error. 

The stress in the fibre M, M, will be found from 
formula (1) by substituting z=az, and the stress in 
My Msg by making z=a3+h. From the formula the 
position of the neutral axis can also be calculated b 
making the stress equal zero, and finding the corre- 
sponding value of z, which will be: 
(Vs?—v.7) C,—(a—a@') At. 1 (2) 

Cy (V.?= 029)-C(Vi2—v,7) J 
or, if the correction for change of temperature is 


omitted, 
. 1 
jam. 7. aa. ar oie 
_~(& Ve—v? 
; (&) ie) 
The radius of curvature of the fibre M M is found 
from 
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If the body is only stretched or compressed the 

formula will give, of course, ; =, 


Altogether Mr, Steiner has produced an instru- 
ment promising to be of much service in the investi- 
gation of stresses in complicated structures as well 
as in experiments concerning various questions as 
to the behaviour of beams and prismatic bodies in 
eneral under different loads, There is one draw- 
k, however, pointed out by the inventor himself 
—the instrument is not applicable to the investiga- 
tion of those stresses to which large structures are 
subjected by their own weight, for the apparatus 
can only show the difference in stress arising by the 
application of a load to a body. We should think, 
however, that even this difficulty might be over- 
come perhaps at some future time. For the instru- 
ment is capable of showing the variation of stress 
arising ina body or structure by the variation of 
temperature, and it is not altogether impossible that 
some relation might be found between the variations 
taking place in the stresses of a structure subjected 
to its own weight only and the stress itself arising 
from this weight. In the mean time the taseometer 
will be found useful in many instances, being easily 
transported and applied, and allowing experiments 
to be made in times and places where other instru- 
ments would hardly be applicable. 
Mr. Steiner has published a full account of his 
invention in ‘ Dingler’s Polytechnisches Journal,”’ 
vol. 226, page 283, together with a mathematical 
investigation of the apparatus, the results of which 
are given in the formulz (1) and (4). 
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Purification of Water-Carried Sewage: Data for the 
Guidance of Corporations, Local Boards of Health, and 
Sanitary Authorities. By Henry Rostnson, C.E., 
and Joun CHaruEs Meuuis, A.C.E. London: Smith, 
Elder, and Co. 

THE object of this work is, as stated by the title, to 
review and arrange concisely what has been done in 
the treatment of sewage by the various schemes that 
have been put forward for that purpose, and to 
draw conclusions for the guidance of those who have 
to deal with the purification of water-carried sewage. 
It will be seen that the authors, who have both had 
much practical experience, have chosen a wide field 
for discussion, and great objects for its result, viz., 
an attempt to solve questions that have hitherto 
baffled most authorities on the subject. 

The first part of the work is occupied by general 
conclusions on what has already been done or said 
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in reference to sewage treatment, and the assertion 
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is strongly insisted on, that, as a rule, no profit can 
be derived at present from sewage utilisation. For 
health’s sake, without consideration of commercial 
profit, sewage and excreta must be got rid of at any 
cost. Thus, the “enormous profit” schemes that 
have been introduced are merci essly dealt with, and 
that justly, for despite the aphorisms of Liebig, 
sewage has yet proved in every shape profitless. In 
this part, while dealing with the general subject of 
irrigation, tables are given showing the cost of 
treating water-carried sewage, and the proportion 
of land used for irrigation purposes, which will be 
of great value to those authorities who propose to 
adopt the irrigation mode of treating their sewage. 

In the second part, the question of precipitation 
is taken up, the subject being divided into four 
sections, including: 1st, mechanical straining so as 
to remove the larger portions ; 2nd, chemical treat- 
ment and subsidence; 3rd, disposal of the preci- 
pitated matter, and, lastly, filtration of the effluent 
water. The various precipitating processes that have 
been used are described, including Anderson’s, the 
ABC, the Phosphate, &c. This part of the work 
affords a most useful epitome of all the precipita- 
tion schemes, patents, &c., with the commercial and 
chemical value of their products. A list of towns 
is given where such processes have been adopted, 
by which local authorities will be enabled to ascer- 
tain for their guidance the exact results that have 
been arrived at by others, It will be seen that 
while partial success has been attained in some 
cases, the majority of precipitating processes have 
been failures. ; 

Part III. is devoted to a comprehensive account 
of the various sewage farms that have been esta- 
blished, as, for example, at Barking, Croydon, Rugby, 
Bedford, Doncaster, Warwick, Leamington, &c. 
In this department a large amount of valuable in- 
formation is given in regard to the .soil, sewage, 
water supply, &c. The statistics given are both 
minute and complete, and have the merit of being 
impartial, being drawn from authoritative reports 
published in respect to each of the numerous farms 
mentioned. : 

Filtration is taken up in Part IV., and the various 
methods that have been suggested, with the places 
of trial, are described. Two difficulties arise in 
using this method—the pores of the filter become 
choked after a time with the solid matter of the 
sewage; and the collection of solid matter on the 
surface of the soil gives rise to a serious nuisance, 
The general conclusion which is drawn from obser- 
vations at different places is that the filtration 
method of treating sewage has been unsuccessful. 

Part V. deals with the discharge of sewage into 
the sea. The authors consider, and very justly, that, 
as a rule, this method is uncertain in its sanitary 
results, attended with heavy cost, and that it is 
inevitably wasteful. In an appendix a large number 
of chemical analyses are given of manure, effluent 
water, &c., ohtained from the various processes of 
sewage treatment previously described. 

Such is a brief summary of a work of which it may 
be safely said that it is the best contribution to 
sewage literaturethat has yet appeared. Practically, 
it is a trustworthy vade-mecum for local authorities, 
engineers, medical officers, and all interested in the 
sewage question. It is somewhat refreshing to find 
a straightforward, unbiassed exposition of a question 
which has hitherto been the subject of the most 
ridiculous plans, backed by an immense amount of 
capital, promoted, in many cases, by boastful 
statements of profit, that have, as a rule, ended in 
the utter ruin of persons who have invested their 
savings in them. 
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THE MANUFACTURE OF GUNPOWDER. 
By James A, C, Hay, M.I.M.E., and A.L.C.E. 
(Continued from page 95.) 
THE GRANULATING MACHINE, 


THE machine used for granulating or reducing 
the pressed cake into grain powder is somewhat 
similar in construction to the breaking-down 
machine ; it is, however, fitted. with four. pairs. of 
cutting rollers, and rectangular screens below the 
three upper pairs; these screens convey any grain not 
properly reduced by the one set of rollers to the 
next under them, 

The machine (see Fig. 8 on the next page) is com- 
posed of two side frames of gun-metal, which carry 
the rollers, screens, and all the other moving parts. 
The rollers are placed in pairs at an inclination of 
about 33 deg., and have a vertical height of 2 ft. 
5 in, between each pair; they are 7 in. in diameter, 
and make from 25 to 30 revolutions per minute, 
thus giving a speed of about 48 ft. per minute to 
their toothed surfaces, the length of which for 
operating upon the powder is 2 ft.6in. The press 
cake is fed to the machine by an endless band at the 
rate of about 301b. per minute, The teeth in the 
several pairs of rollers vary in size and form, those 
on the upper rollers are diamond-shaped, and re- 
semble a series of small pyramids standing out from 
the surface of the rollers ; these teeth are a quarter 
of aninch apart and the same in depth, and so ar- 
ranged that those in the one roller work into the 
spaces of the other. 

The second pair of rollers have smaller teeth, but 
of the same form as the upper pair; they are a 
quarter of an inch apart, but only one-eighth of an 
inch in depth. 

The teeth of the third and fourth pairs are dif- 
ferently shaped ; in these they are formed by cut- 
ting V-shaped ribs longitudinally along the rollers, 
and rectangular grooves a quarter of an inch apart 
by one-eighth of an inch in depth round their cir- 
cumferences. The ribs of the one roller work into 
the grooves of the other, and vice versd, and their 
top and bottom edges are slightly rounded. 

On the side bearings and behind each roller there 
is fixed a scraper, the edge of which is provided 
with teeth corresponding with the grooves in the 
rollers, so that as the latter revolve, any powder 
adhering to them is cleared out, and this prevents 
their ever becoming clogged. 

The back roller of each pair is provided with a 

sliding bearing and is pressed forward towards the 
front roller by weighted levers; this arrangement 
admits of their opening when necessary, and per- 
mits a glut of cake or any hard material to pass 
them with safety. This is a very essential point, 
inasmuch as the process of granulating is the most 
dangerous in the whole manufacture of gunpowder. 
All the rollers are enclosed in copper covers for 
confining the dust from the cake, and preventing it 
spreading over the granulating house. 
Three screens, one under each set of rollers, for 
conveying the broken cake from one pair to the 
next, are placed at aninclination of about 28 deg., 
and consist of copper wire gauze of eight meshes 
to the inch; while underneath, and embracing all 
the rollers, are three tiers of light separating screens, 
contained within a deep frame set at an angle 
of 32 deg. The upper screen is of copper wire 
gauze of eight meshes to the inch, the second is 
likewise of copper wire gauze, but of sixteen meshes 
to the inch, while the third is a very fine (nearly 
close) screen, and receives the dust from the upper 
ones and conveys it into a box placed for the pur- 
pose. 


The separating screen frame is slung from the 
gun-metal framing of the machine by light springs 
made of lancewood. The screens themselves are 
also carried from the frame by the same means, and 
the whole has a longitudinal movement given to it 
of 182 vibrations per minute, rotnedl by poly- 
gonal wheels on the driving shaft, which press 
against circular but loose-running wheels attached 
to the separating screen frame. The surfaces of 
these wheels are kept in contact by the weight of 
the screen itself. 


The process of granulating the press cake may 
be described as follows: The cake, haying been 
broken into pieces, is.put into a wooden hopper, 
which holds 700 lb. ; the side of this hopper next 
the inclined frame is open to a shoot, on the hop- 
per itselfi—when the machine is at work—moves 





exports went to Russia. Austria also exported 826 railway 
carriages and trucks to Russia in 1877. 


slowly up this inclined frame, the speed being re- 


being the onl 
former, as well as the whole floor of the granulating- 


made of canvas, with strips of leather sewn 
across it. 

A rope, set in motion by one of the machine 
shafts in connexion with a worm and wheel, is 
used to raise the hopper, the cake in which, fallin 
through the shoot on to the endless band, is cariled 
forward to the uppermost or first pair of rollers. 
From these it is conducted to each successive pair 
by the screens, and these having a quick vibratin 
motion, allow any grain that has been broken small 
enough to pass through them into the upper lon 
separating screen in the frame saderalle Such 
grain as is too large to go through any of the 
screens is called ‘‘ chucks,” and is collected and 
passed through the machine a second time. The 
grain which passes the upper, or eight-mesh long 
screen, is used for common powder; that which 
passes through the sixteen-mesh long screen is 
suitable for rifle or small-arms powder; and that 
which passes through into the lower screen is dust. 
The powder as it falls from the surface of the dif- 
ferent screens is collected in separate boxes placed 
underneath the machine for its reception. 

When the hopper has reached the limit of its 
travel upwards, and all the cake has passed on to 
the feeding band, which it will do in from twenty- 
five to thirty minutes after the machine has been set 
in motion, the hopper acts, by a self-acting arrange- 
ment, on a clutch, which throws the rope wheels 
out of gear, and thus stops the further travel of the 
hopper, while a counterbalance weight prevents its 
descent, At the same time that the clutch throws 
the wheels out of gear, it relieves a catch connected 
with a wire spring and bell, the latter, by ringing 
in the bomb-proof house, wherein the workmen 
remain while the machine is in operation, gives them 
notice that the hopper is empty. After allowing 
about five minutes for the band and machine to be- 
come quite empty, the apparatus is stopped, and 
the attendants, now leaving their place o safety, 
enter the granulating house, and empty the grain 
from the several boxes into tubs for removal. No 
one is on any account permitted to enter the granu- 
lating-bouse whilst the machine is working, and as a 
further precautionary measure the attendants or 
others who have occasion to enter the house at 
other times wear sewn hide-leather boots. 

After all the powder is removed, the hopper is let 
down to its proper place and refilled with cake, and 
the machine is now again ready for use; the at- 
tendants therefore leave the granulating house and 
retire to the bomb-proof building, where they set 
the machine in motion, and remain under cover 
until the bell again rings, when, after allowing a 
few minutes to elapse, they stop the machine, both 
the starting and the stopping being effected in the 
bomb-proof house. 

When fine-grain powder is required, rollers with 
smaller teeth are used, together with screens of 
24 and 32 meshes to the inch; the dust produced 
by this machine, as well as from all the other ma- 
chines, is collected and taken back to the incorpo- 
rating mill, where 50 1b. of it are spread out on 
the bed, and after being well Poel it is worked 
under the edge runners for about one hour; 
it is then fit to be sent forward to the breaking- 
down machine, the press, and other subsequent 
operations. The b opapr A of dust produced varies 
considerably according to the condition of the teeth 
of the granulating rollers; if they are much worn, 
or become foul, as they are apt to do during damp 
weather, the quantity of dust will be conailerably 
increased, orif only fine- powder is being made 
the percentage of dust will be great. 

As in the case of the breaking-down machine, so 
with the granulating machine—no iron or steel is 
exposed, and indeed there is very little of either 
used in its construction, the shafts and bed-plate 
parts made of those metals; the 


house, is covered with soft leather hide, and the 


shafts are all encased in copper or gun-metal. The 
side frames, rollers, wheels, bolts, nuts, and all 
other parts of the machine are made of gun-metal, 


copper, or wood. 

A machine of the size described is capable of 
granulating from 130 to 140 barrels of gunpowder 
per day of twelve hours, supposing each barrel to 
hold 100 Ib. 

Tue Dustine REELS, 

The large-grain powder, removed from the granu- 
lating house at this stage of the manufacture, is 
called ‘‘ foul grain,” owing to its containing a large 


percentage of dust that has been produced under 
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the granulating process, for, although a great deal 











138 


ENGINEERING. [Fes. 22, 1878. 





of it is removed from the powder by means of the 
lower long sixteen-mesh screen attached to the 
granulating machine, still the powder contains a con- 
siderable quantity, and the object of passing it 
through the dusting reels is to entirely remove what 
remains, and at the same time to rub down the 
rough uneven surfaces of the grain, and thus pre- 
vent its becoming dusty again through moving it 
about in course of transport, for dust in gunpowder 
is very injurious, as it absorbs moisture from the 
atmosphere very readily, and this soon affects the 
whole mass, 

The dust is removed from large-grain powder by 
means of horizontal reels (see Fig. 9); these are cylin- 
drical wooden skeletons, supported upon a central 
shaft by radial arms, the periphery of the cylinder 
being covered with canvas, having twenty-four 
meshes per inch, The reel is about 8 ft. long by 
2 ft. 6 in. in diameter ; the wooden skeleton is made 
in halves, so that it may be easily removed for re- 
covering. The ends are closed by discs, secured 
upon the main central shaft, and one end is so con- 
structed that it can be opened or drawn back for the 
purpose of unloading the reel. 

When about to be filled, the reel is turned round 
until the charging door is directly under the feeding 
hopper ; into this latter three barrels of foul grain 
are emptied, and when it has all passed through the 
hopper, the door of the reel is closed and fastened, 
the reel set to work at from 40 to 42 revolutions 

r minute, and kept in motion for about half an 

our; at the end of this time it will be found that 
the whole of the dust will have passed through the 
meshes of the canvas covering, and will be lying at 
the bottom of the outer woodwork casing in which 
the reel is enclosed, in order to prevent the Just 
spreading over the house. 

When a number of reels are used, they are all 
driven from one main shaft which receives its motion 
from the water wheel or steam engine, and each 
reel is provided with a separate clutch, so that any 
one may be stopped or set in motion without affect- 
ing the others. 

When the reel has run the requisite time it is 
stopped and the one end lowered about 10 in., 
the disc at the lower end is slackened back. suffi- 
ciently to allow the powder to run out into barrels, 
which it will do when the reel is again set in motion; 
when quite empty, the disc is again screwed tightly 
up to the end, and the reel raised to its horizontal 
position.ready for re-filling. By this operation the 
dust is not only taken from the powder, but the 
grain—from being rolled over for such a time— 
has its rough surfaces rubbed off, and in the case of 
large-grain powder, a sufficient gloss is imparted 
without its having to be passed through the glazing 
barrels. The powder is now ready for the drying 
stove. 

The fine-grain powder used for rifles or small- 
arms has a much larger proportion of dust in it than 
the large-grain powder, and is therefore dusted in 
what is termed a ‘‘slope reel,” which consists—as 
in other reels—of a skeleton frame of wood fixed by 
radial arms on a central shaft, and lies at an incline of 
lf in. per foot; the covering of this frame is of 
very fine canvas, having forty-four meshes per inch, 
and the reel in this case has no ends, it is also much 
emaller than the horizontal reel, being only 20 in. in 
diameter by 8 ft. in length, and is driven at 38 re- 
volutions per minute, 

The fine-grain powder, as it leaves the granulating 
machine, is brought from the magazine and placed 
in the feeding hopper, to which is fixed a loose spout 
for guiding the powder into the reel, Attached to 
the central shaft are three ribs or cams which—as 
the reel revolves—come in contact with and shake 
the loose guiding spout, imparting to it 135 vibra- 
tions per minute, thereby effectually keeping it 
clear, the fine-grain powder atthis stage being very 
apt to choke up the hopper and spout. 

As the powder passes through the reel when in 
motion it is collected in a tub placed forits reception 
at the lower end, from this it is emptied back again 
into the hopper in order that it may be passed 
through the reel a second time, and operation 
is sometimes performeda thirdtime. The fine grain 
thus treated, being only about one minute in the reel, 
has had no gloss imparted to it, the glazing has, 
therefore, to be effected by passing it through a 
glazing barrel before it is ready fur the drying stove. 


Tue Giazine BARREL. 


half an ounce to every 100 lb. of powder. The | the barrels are turned with their doors uppermost, 
blacklead, with the powder in these proportions, is | and the contents of the hoppers pass into them, 
put into a glazing barrel, and from three quarters the doors are then closed and secured. The 
of an hour to one hour is found to be sufficient time | apparatus is now set in motion, and after running 
to polish the grain. Blacklead is also sometimes | from five to six hours, it will be found that a fine 
used with the small or fine-grain powder; but, | gloss has been imparted to the powder by the mere 
although its use has some advantages, such as | friction of the grains rubbing one against the other, 
lessening the formation of dust, and also preventing whilst at the same time all the sharp angles and 





powder so readily, still it isan impurity, and as such 
should be used sparingly and with much caution. 


gunpowder, and if obtained pure is preferred to 
blacklead, inasmuch that while a little more than 
half the quantity is sufficient to give a perfect glaze 


F 


to the 
tually 
sphere. 

The apparatus used for glazing fine-grain powder 
is placed in the same house as the fain 7. It 
consists of a wooden barrel supported and attached 
to a shaft running through its centre, and the whole 
revolves at 40 revolutions per minute. The barrel 
is generally made of oak, and about 5 ft. long by 
3 ft. 6in. in diameter at the centre. 

A set of glazing barrels consists of four, each pair 
being supported on a shaft, These shafts are of 
wrought iron, covered on the inside of the barrels 
with wood, and receive their motion by means 
of bevel gearing direct from a main shaft driven by 
the water-wheel or steam engine. The barrels are 
enclosed in wooden casings, with feeding hoppers on 
the top. Into each hopper four casks of fine-grain 


pate it is found to protect it more effec- 
rom the action of moisture in the atmo- 





Some manufacturers glaze or _ large-grain 
powder by using a small quantity o blacklead, by 


powder (each cask containing 100 Ib.) are emptied, 


the moisture in the atmosphere from affecting the | corners 


| 


Recently plumbago has been used for glazing | 





are rubbed off, and the powder thereby 
rendered much better for yy or for transport. 
Each pair of barrels can stopped or put in 
motion at pleasure, oe gang J of the others, by 
| simply throwing a clutch in or out of gear, so that 


| after the barrels have been at work a sufficient time, 
| this clutch is thrown out and they are brought to 
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rest with their doorsdownwards, Upon these,being 
unfastened and opened, the powder is delivered into 
casks placed ready for its reception. This operation, 
as may be imagined, produces a small quantity of 
dust, which is removed by ing the glazed powder 
once through a slope sal haps expressly for the 
pu . et 
he fine-grain powder is now in the same state as 
the large-grain powder. Both contain about the 
same degree of moisture, which it is n to 
extract before the powder is complete and fit for 
sending into store; this is effected in the drying 
stove, where both the fine and large-grain powder can 
be dried at one and the same time. 

(To be continued.) 


IroN SLEEPERS.—The administration of the Rhenish 
Railway is about to let a contract for 6000 tons ofj iron 
sleepers. At the same time a contract will be let by the 
same board of direction for 99,000 fishplates. 
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THE PENNSYLVANIA RAILROAD. 
No. LX.—Morive Power. 

Tue control of the motive power on the Penn- 
sylvania system is divided among the heads of the 
various sections, subject, however, to some super- 
Hey on ee part - ba chief office. Table LXVI. 

ves an ysis of the expenses in percentages on 
the Pennsylvania Railroad, United Railroads of 
New Jersey, and Philadelphia and Erie. These ex- 
penses are divided into the freight and passenger 
services, and the Table shows the percentage due to 
the expenditure under this heading, as well as to 
the whole expenditure of the line. The main items 
are drivers and firemen, coal and locomotives, these 
each. ranging from 5 to 7 per cent. of the whole 
outlay. ‘The total numbers of locomotives in ser- 
vice during the year referred to, their condition, 
and the proportion under repair, is shown in 
Table LXVIL. 


TaBLE No. LXVII.—Condition of Locomotives. 




















































































































y ] 
aE 
a3 ld, ad 
— Edges 
Bo lessis 2 
x 3 33.8) a 
a3 |3. igee| 3 
Ze is SAAS BS 
In service in good working order ...| 446 | 135 | 69 | 650 
ja requiring sopeles ae 63 43 | 203 
Inshopunder general ,, .. .../ 54 | 31 | 29 | 114 
” = oie . | 29 36 5 70 
» rebuilding eve .| 2 2 1 25 
” forrenewal ... | oss ove 7 7 
Leased Frederick Division a ie 7 
Total number of engines .| 656 | 267 | 154 [1076 
TasBLe No. LXVIII.—Work done on Locomotives at the 
Machine Shops. 
: 3 
| 
a, iRE |*3 
4 "> Jas 
ie 2 7, de, 
t=} ze es 
63 SE ege| 3 
&* SSAERS) & 
Locomotives built entirely new 43 oe 4 47 
@ had general repairs 251 74 64 | 389 
” had slight repairs ... [1996/1104 27 «(8127 
@ had new steel fireboxes 43 one 4 47 
® had new steel fireboxes 
(renewals) ma FF 2 3 28 
- had half new steel fire- 
boxes (renewals) ... 1 1 
- had half new iron fire- 
boxes (renewals) 3 3 
” had new iron fireb 
(renewals) ‘io ooo 3 3 
e had new steel boilers ...} 43 a 4 47 
@ had new steel boilers 
(renewals) eo 8 . 3 
° had new iron boilers (re- 
OU. aw Ot 8 1 
Wheels and Azles Used. 
Axles. e 
Divisions, 3 
a 
Iron. |Steel. |Total.| & 
Pennsylvania Railroad ... ose +| 3824 | 2164 | 5988 | 26.210 
Uni Railroads uf New Jerse 354 | 623 976 | 7,875 
Philadelphia and Erie Kailroa 404 | 270 | 674 3,234 
Totals, 1875 4581 | 3057 | 7638 [36,819 
Totals, 1874 .| 6263 | 2612 | 8875 |39,080 
Tyres Used 
a Ht 
4 g ES ‘3 
| 3 
-  |Ade, 
es 3 
= ==3 3 esi « 
AB ae Siete g 
e% 53a £ad e 
Steel for pew locomotives 294 ese Ta 322 
a renewals gee 296; 2° 76 | 394 
Chilled for new locomotives Fl oni 6 6 
» renewals . 173; 18 23 | 214 
Totals, 1875, cence, aes], 763| 40 | 298 | ORG 
Totals, 1874 eee eee | 485 26 62 573 











The nature of repairs performed is given in detail 
by Table LX VIII., which shows besidvs the num- 
bers and classes of wheels and axles employed. 
The number of 3127 locomotives brought into the 
shops for slight repairs, of course include the 
same engines brought in repeatedly. 








The expenses of running engines on the various 





divisions of the system is given in Table LXIX., 
divided into the headings of fuel, repairs, and stores ; 
the amounts refer to average expenditure per 100 
miles run, and will be seen to vary very considerably 
on the different sections. Those on the Pittsburgh 
Division will be noticed as rather high, partly owing 
to this division including the mountain section, and 
—_ on account of repairs, On the Philadelphia 

ivision, it will be seen that they fall down to 
16s. 4d. per 100 miles run, 


STEAM-WORKED TRAMWAYS. 

Tue question of the use of steam power on tramways 
in towns and cities continues to receive merited attention 
and practical development in connexion with foreign 
countries and the colonies. The most recent instance 
in this direction which has come under our notice, is that 
of the Wellington City Tramways, New Zealand, which 
will be worked by steam power. The engines for this 
line are being constructed by Messrs. Merryweather and 
Sons at their Light Locomotive Works at Greenwich, 
where, a few days since, a number of gentlemen in- 
terested in the development of tramways in the colonies 
assembled to witness the formal trial of the first of those 
engines which has just been completed. The engine is 
similar in general character to those of which the firm 
have manufactured a large number—upwards of sixty, 
we believe—for the tramways of Paris, Rouen, Cassel, 
Barcelona, Guernsey, and other places. It however em- 
bodies several improvements in details, which have been 
suggested by the extended experience of .the manufac- 
turers. The boiler is of the locomotive type, and its 
capacity being large, but little attention to stoking is re- 
quired, and the pressure of steam does not greatly fluc- 
tuate on the road. The cylinders are placed between 
the frames with one common steam chest and are 7.in. 
in diameter by llin. stroke. The engine is carried by 
four coupled wheels 2 ft. in. diameter, and the wheel base 
being only 4 ft. Gin, the engine is enabled to go round 
curves of very small radius. 

The exhaust steam—that béte noir of all tramway 
locomotives—may be dealt with in two different ways. A 
water condenser consisting of several nozzles as in an 
ejector or bilge pump, is placed on the footplate, and its 
suction and delivery are connected oy means of copper 
pipes to opposite ends of a tank which is carried on the 
roof of the engine. The exhaust steam is admitted into 
the centre cone of the condenser, and is condensed in its 
passage through, at the same time "sending the heated 
water up the delivery pipe to the top of the tank and 
drawing colder water from the bottom of the tank down 
the suction pipe. This process is continued until the 
whole of the water in the tank is raised to a temperature 
of from 180 deg. to 200 deg., and so long as the water in 
the tank remains below this temperature the exhaust 
steam is effectually disposed of. The tank holds 300 
gallons, sufficient to last for a run of about ten miles. In 
order to meet cases where it is inconvenient to obtain 
sufficient water, or when the weather is comparatively 
warm, and the absolute freedom from visible steam is 
not insisted upon, another arrangement is provided and 
has been found very efficient. By means of a three- 
way valve the exhaust steam, instead of being turned 
into the condenser, is directed through a nozzle placed at 
the bottom of a series of cones in the smokebox, and the 
hot air, coming through the boiler tubes, is brought into 
intimate contact with it, and absorbs so much of it, that, 
except in very cold damp weather, the mixture of air and 
steam passes invisibly out of the chimney. 

The driving levers are placed in the centre of one side 
of the engine, and are so arranged that the driver has 
simply to turn himself round to use them for running in 
either direction. The engine is fitted with a powerful 
brake, which is worked by the foot, so that the driver 
has at all times perfect and simultaneous control of the 
regulator, reversing lever, and brake, a most important 
consideration in crowded thoroughfares. Steel, Lowmoor 
iron, and phosphor-bronze are freely used in these, as in 
all the tram engines constructed by Messrs. Merry- 
weather, the workmanship being of excellent finish. The 
trial of the engine in question proved perfectly satisfac- 
tory, a very sharp curve being traversed with ease, and 
the engine running quietly and smoothly and being 
started and stopped at smart speeds with great prompt- 
ness. Messrs. Merryweather deserve credit for their en- 
terprise in starting their light locomotive works at Green- 
wich, for to that enterprise must be largely attributed 
the rapid progress which has been made during the last 
few years in the use of steam on tramways. We may 
add that the engines are going out to New Zealand in 
charge of Mr. Charles A. Fairlie, who will take the ma- 
nagement of the Wellington City Tramways. 














REsvuLtTs OF Forrest Destruction.—The destruction 
of the forests in Southern and Central California is making 
the country drier year by year. The rainfall is steadily dimi- 
nishing, and the water of ordimary wells, as well as the 
flow in Artesian wells, is decreasing. Great river-beds in 
which large streams once flowed, now have but a thin 
thread of water. Unless there is a systematic tree-planting 
on the mountain and hill- some sections of California 
will be reduced to comparative sterility. 


PROPOSED LIFTING BRIDGE. 

By a law passed in 1874, relating to improvements of 
the Port of Antwerp, the construction of a bridge over 
the Scheldt for carriages, foot passengers, and trains was 
authorised. Amongst the plans proposed for this struc- 
ture, one that has received the favourable attention of the 
municipality, is that designed by M. H. Matthyssens, 
and which we illustrate on the preceding page. It pro- 
vides a carriage road 19 ft. 8 in. wide, jtwo side 
walks, and two railway tracks. It is divided into 
five spans, as shown in Fig 1, as follows: two spans of 
178 ft. 9 in. clear opening, one of which passes over the 
quay to be made on the right bank, one central lifting 
span 131. ft. 2 in. wide, and two intermediate spans of 
472 ft. Gin. each. The platform of the bridge rises 
with a slight gradient from each abutment towards the 
centre. The clear headway of the fixed spans is about 
43 ft. above low water, allowing plenty of room for small 
vessels to pass, so that the central span would only be 
raised for large ships. The two main central piers between 
which is the lifting span, are 137 ft. in height above the 
rail level, 21 ft. 3 in. thick at the base, and 14 ft. 8 in. 
at the top. At the summit are two shafts running the 
whole length of the pier, and on which are mounted over 
the ends of the girders eight large pulleys. These carry 
chains fixed at one end to the moving bridge, and at the 
other to a weight intended to balance the bridge and 
chains, and the action of which varies during the move- 
ment in such a way as to preserve the exact equilibrium 
of the system during the operation. Motion is communi- 
cated to the shafts by a hydraulic engine and accumu- 
lator, which with the steam motor is placed on one of the 
piers. The two shafts are coupled together across the 
girders which connsct the towers at the top, in order to 
secure uniform action. During the operation of lifting, 
the ends of the girders are guided by rollers pressing 
against the sides of the piers, and as soon as the span is 
lowered a special appliance disconnects the balance- 
weights, so that the girder takes its bearings on the 
piers. The section AB (Fig. 3) shows the relative 
position of the lifting span and the fixed ironwork of the 
piers when the former is raised; the clear headway is 
then over 131 ft. at high water, and therefore more 
than sufficient to allow the largest ships going up and 
down the river to pass. The whole of the superstructure 
is intended to be of steel, and each span consists of four 
bowstring girders, as shown in Fig. 2. The leading 
dimensions are given in the illustrations. 








Swiss Roui1na Stock.—At the close of 1876, there were 
1441} miles of railway in operation in Switzerland. The 
rolling stock upon the Swiss lines at the same date com- 
pri 552 locomotives, 1662 passenger carriages, and 
10,098 goods trucks. 





TECHNICAL EpucaT1ion.—The Council of the City of 
London College, 52, Leadenhall-street, have arranged to 
supplement their excellent science classes with a course of 
six poms lectures bearing upon the application of science 
to the daily life of the industrial classes. The course wi 
commence on Saturday, 2nd of March, and will be illus- 
trated by numerous experiments in mechanics, physics, and 
chemistry. These lectures have been pre hos. 
Twining, Esq., for many years one of the vice-presidents of 
the Society of Arts, and well known for his practical 
endeavours to promote the study of science by working 
men. The office of reader will, be undertaken by Mr. 
Henry Adams, Assoc. Inst. C.E., M. Inst. M.E., &c., and 
that of demonstrator by Mr. H. Maiden, science teacher. 
The admission fee! has been fixed at one shilling for 
the course of six lectures, and it is hoped+that the 
attendance will be such as to prove that the Council have 
acted wisely in thus keeping the cost within the means of 
all. Asa proof of Mr. Twining’s hearty interest in this 
work, we may mention that he offers prizes to the value of 
21. among every ten candidates who offer themselves for 
examination upon the topics of the lectures. 





Water Suppiy.—A letter which H.R.H. the Prince 
of Wales has addressed to the Council of the Society of 
Arts, in respect to the general supply of water throughout 
the country, has excited much attention, and will most 
probably result in the calling of a conference to discuss 
the whole subject at no distant date ; meanwhile, the sub- 
ject is well before Parliament in the shape of various Bills. 
Among the most important of these are those referring to 
the metropolis, for the purchase of the existing companies, 
and for providing a new and pure supply from the chalk 
strata around London. We have already given asynopsis 
of these measures. In respect to the proposed chalk supply 
much opposition has been offered by local boards, mill- 
owners, ard others, who conceive that their interests will be 
materially affected by the proposed measure. The Man- 
chester Bill for obtaining a new and large supply from 
Lake Thirlmere, came on for second reading last week, and 
excited great opposition in the House of Commons. How- 
ever, eventually, at the suggestion of Mr. Sclater-Booth, 
the Bill was read a' second time, and referred to a Select 
Committee, so that full inquiry might be made, not only 
in regard to the supply for Manchester, but also for other 
towns on the line of the proposed works from that city to 


the lake. Mr. Brown, with Dr. Lyon Playfair, and others, 
has introduced his Bill of last session to amend the Public 
Health Act of 1875, so far as relates to the supply of water 
in rural districts. Thus with these and other measures the 
water question is likely to receive a partial solution during 





the session, 
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THE PENNSYLVANIA RAILROAD. TABLE No. LXVI.—COST OF MOTIVE POWER ON PASSENGER AND FREIGHT SERVICES. 
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PENNSYLVANIA DrvisIon. prem: Naw Juneur PHILADELPHIA AND Erie D1visi0n. 
Passenger. Freight. 28 : Passenger. Freight. FS) 8 Passenger. Freight. 
Morrve Power. a: 8 $ a : 
or ° poe 
Percentage of | Percentage of ||; clad Percentage of | Percentage of |.;'3™f P Percentage of 
Motive Motive & ., oF) Motive Motive 2! Motive Moti: 
& Power Total Power Total 3 ae Power Total Power Total & Pee Power Saar Total 
: Expenses Expenses. F gs Expenses. Expenses. 5 sss Expenses 3 
1 |Coal ... nad a ods | 14.46 817 | 23.60 | 5.700 32.548 | 4.8510 | 39.701 | 5.4696 | 9.8206 | 16.729 | .685 | 25.462 | 6.4567 
2 |Cotton waste... 000. anne 68 .088 .66 -160 -723 | .0965 684 | 0944] . 585 | 024 420 | .1062 
3 |Engineers and firemen _... ...| 24.46 | 1.881 | 25.60 | 6.160 18.322 | 2.4478 | 20.185 | 2.7785 | 5.2263 | 24.454 | 1.002 | 28.610 | 5.9738 
4 |Engine-houses and machine shops, 
repairs of ... ee: ove ow 2.29 129 2.04 475 2.201 2951 2.211 -8051 2.423 099 1.562 «8951 
5 |Fuel for stoves 46 .026 40 090 307 .0510 298 | .0411 598 | .024 381 | .0963 
6 |Inciden 2.24 .127 1.70 396 1.180 | .1509 | 1.307 |. 1 3.323 | .186 2.117 5356 
7 |Labourers ... rate on al 8.35 471 7.25 1.670 7.136 .9533 7.449 | 1.0279 10.472 429 6.676 | 1.6690 
8 |Locomotive furniture and fixtures 1.60 .090 1.30 302 1.529 -2062 1.564 .2158 1.532 -062 976 -2069 
9 |Locomotives ... = a ...| 981.55 | 1.782 | 24.50 | 5.908 23.768 | 3.1754 | 14.479 | 1.9961 21.822 | .894 | 26.436 | 6.6583 
10 |Oil kas sue a sR 1.64 -093 1.59 514 1.553 -1809 1.594 .2195 1.274 | .052 1.181 .3987 
11 |Stationery and printing 62 .035 51 152 825 | .0434 -367 | .0505 624  .025 896 | .0998 
12 |Tallow... nan et oi ad .99 056 1.20 .279 898 | .1179 | 1.023 | .1812 416 | .017 882 | .0966 
13 |Taxes on engine-houses and shops 1.00 057 94 219 Oded 0058 032 | .0046 1.685 | .069 1.074 | .2757 
14 |Tools and machinery, repairs of ... 2.28 .129 2.02 -470 1.206 1611 1.218 -1680 3.950 -162 2.517 -6368 
15 |Watchmen ... i ogy a 64 .036 57 .167 .668 741 | .1022 1.599 | .065 1.018 | .2575 
16 |Water stations and fixtures, re- 
pairsof ... oad oa oo -10 005 90 246 1.569 | .2116 | 1.484 | .2047 2.361 | .096 1.504 | .8809 
17 |Water stations, Hs pe of ~ol > ee .180 2.51 584 4.466 | .5966 | 4.554 | .6264 8.461 | .142 2.205 | .5578 
18 |Wood, hauling and preparing ...| 1.50 085 1.59 870 1.607 | .2146 | 1.109 | .1530 2.692 | .109 2.083 | .5269 
19 |Interest on value of locomotives ...| 1.96 111 1,12 .261 
Averages... «| 100.00 | 5.648 | 100.00 | 24.123 100.00 {18.8483 /100.000 |13.7709 100.00 | 4.092 |100.000 |25.8286 
TABLE No. LXIX.—EXPENSES OF ENGINES. AVERAGE COST PER 100 MILES. 
PENNSYLVANIA RAILROAD Division. 
DIvIsiIons. CLASS. | Repairs. Fuel. Stores. Total. 
| dols. | £ 8. d. dols. | £ d. dols. |s. d. dols. £s. d. 
Passenger engines oo) Oe 0 1810 8.18 0 4.76 72 |2 7.4 9.08 1 12 10.16 
Philadelphia Division ..|3 Distributing ,, ool, See 0 4 2.5 2.78 0. 91213 66 | 2 48 4.59 0 16 66 
Freight me v| 4.49 0 16 4 5.57 1 0.8 89 | 8 29) 10.89 1 19-77 
y Passenger engines ..| 4385 | 0 1510 2.80 | 0 2.3 55/2 0 7.70! 1 8 08 
Middle Division ... eee aa én Distributing ,, | 1.64 0 511. 8.70 0 5.7 61 2 2.5 5.95 x U7 
Freight we | 5.16 0 18 9.5 5.66 1 7.3 67 |2 56 | 11.49 2 110.4 
Passenger engines eee] 2.07 0 7 38.75 | 38.26 0 1110 55 1/2 0 5.88 1 251.7% 
Lewistown Division e ne «»|4 Distributing ,, | 04 0 2 84 4.48 0 3.7 87 |38 2 6.09 1 2 21 
Freight a 2.15 . mR 8.17 0 6 55 12 0 5.87 1 434 
Passenger engines 2.46 0 811.5 2.56 0 3.8 87 11 3.5 5.89 0 19 6.8 
Bedford Division ... 7 tive ..|4 Distributing ,, —_ 0 210 4.46 0 2.8 36 81/1 8 5.61 1 0 38 
Freight - 6.24 1 28 4.60 0 9 52 | 1:10.75) 11.86 2 1 8.75 
Passenger engines | 6.82 1 410 3.44 0 6 48 #/1 8 10.69 1 19 0 
Tyrone Division ... aR ¥e ..|4 Distributing ,, ove 3.08 011 5 4.02 0 7 51 | 1411 7.61 oe 
Freight od 7.29 1 6 65 7.65 1 66 (2 5 15.60 2 16 98 
- Passenger engines... | 2.60 0 9 56 2.84 0 35 |1 4 5.79 : se 
West Pennsylvania Division ... ééo Distributing ,, eco 1.35 0 411 4.17 0 41 1 6 5.93 1 1 7.25 
Freight 99 me 6.30 1 211 4.93 0 4 1/1 8 11.68 2 2 6.5 
Passenger engines . 10.34 1 Ys 8.40 0 77°=«|2 9.5 | 14.51 2 12 9.8 
Pittsburgh Division oF Sie pm { Distributing ,, 1.57 0 5 85 8.50 0 70 | 2 6.5 5.77 1 k:6 
Freight es ies ees 7.86 1 8 75 5.96 1 94 |38 5 14.76 2 18 9 
UniTED RaILRoaps oF New Jersey Division. 
Passenger engines ... 9.15 1 18 3.9 | 12.58 5 9.8 1.18 | 4 22.91 4 8 
New York Division as ae bes { Distributing ,, ate 2.08 0 76 9.89 1.16 2 1.14 | 4 13.11 2 7 
Freight 99 5.51 1 0 0.80 | 16.90 1 05 1.30 | 4 23.71 4 5 
PHILADELPHIA AND ERIE RAILROAD. 
Passenger engines 2.82 0 10 33 3.60 0 18 15 48 |1 9 6.90 1 1.8 
Eastern Division ... ssi a “lf Distributing ,, 6.48 | ee ie 7.60 ee 54 1111.5 | 14.57 2 18 0.5 
Freight so 2.91 010 7 5.67 L. 9 ta 79 | 210 9.37 1 14 0.7 
rer Passenger engines 6.28 | 1 210 3.55 | 0 1211 38 {1 46/ 10.21] 1 17 1.6 
Middle Division ... pee i { Distributing ,, 4.15 0 15 13 6.42 1 38 45 55 12 0 11.12 2 0 58 
Freight % eee 8.50 1 10115 7.90 1 8 9.2 61 |2 26) 17.01 8 1118 
Tea Passenger engines 4.60 | 0 16 9 4.05 | 0 14 8 43°11 7 9.08 | 1 13 0 
Western Division... ea oe Distributing ,, 2.49 0 9 08 5.87 : 3 8s 54 | 1115 8.90 1 12 44 
Freight a 8.97 1 12 8 8.81 1209 ° 6 1/21 18.34 8 6 9.9 
New ZEALAND RarLways.—Mr. Carruthers, engineer- | line, having at the end of last year 702 miles open for traffic, | also been enabled to make them at considerably less cost. 


in-chief for railways in New Zealand, reports that at the 
close of June, 1877, there were 860 miles of railway open 
for traffic in that colony, and 274 miles in progress, which 
are expected to be completed in 1877-78. In comparing this 
with what has been accomplished in other Australasian 
colonies, we find that Victoria comes next in its length of 





and 259 miles more in p' 


with greater ¢ 





, while New South Wales had 
only 509 miles opened, and 180 miles in course of formation. 
By adopting a gauge of 3 ft. 6in., the New Zealand 
Government has not only be able to construct its lines 
than the railways made in Victoria and 
New South Wales, which have wide gauges, but it has 





In New Zealand the 
way in operation has 


nditure on the 860 miles of rail- 
29,9201., or an average of 
something like 72771. a mile, while in New South Wales the 


average is 15,6991. (or more than double 
se Victoria JL,54. "im South Australia “8486 
Queensland 10,6331. per mile. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLEsBRoUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday on ’Change 
at Middlesbrough there was as usual a large attendance. 
Like previous market days of late there was very little busi- 
ness transacted. The contest between pig iron makers and 
merchants is still being carried on. ominally prices are 
the same as those > for several weeks past, being 
based on No. 3 Cleveland pig gg fy 41s. per ton. The 
stocks of makers are increasing. ‘This fact is against them 
in their efforts to maintain prices. But rather than sell at 
a figure which will not leave them some profit, however 
small, they are determined to reduce the production by 
blowing out some of their furnaces. This is a course, 
however, which is attended with very great cost. Blow- 
ing out a blast furnace is a serious matter. During its 
inoperative state a heavy loss on the large capital sunk in 
itis going on. It is a well-known fact that only few iron- 
masters are financially in a position to blow out any of 
their furnaces. Some of the more opulent merchants smile 
at the efforts of the pig makers to maintain prices by 
resorting to a reduction of output, and express a confident 
belief that the masters will not be able adhere to the 
course they are now pursuing. Whatever may happen it 
certainly seems reasonable to expect that the question of 
demand will settle all difficulties in time. Artificial means 
for the purpose of regulating prices may be adopted, but 
they can only be temporary. Political news is more 
tranquil, and people are more hopeful that a lasting peace 
will soon be arranged. 

The Finished Iron Trade.—In this important depart- 
ment of the staple industry of the North there is little 
c . The iron rail trade is almost dead, and some 
people say that it will never be resuscitated. But while 
t' is scarcely anything doing in the iron rail mills, it is 

tifying to know that Messrs. Bolckow, Vaughan, and 
fo. are still busy at their steel works, and are turning out 
very large quantities of steel rails. There is a fair good 
demand for plates. 

Messrs. Thomas Vaughan and Co.— Yesterday a meeting 
of the creditors of Messrs. Thomas Vaughan and Co., of 
the Clay-lane{and South Bank Iron Works, Middlesbrough, 
was held here, Mr. Leeman, M.P., of has peg oe 
The trustee in liquidation explained why they not been 
able to pay a dividend, the realisable assets having been 
redu from 100,0002. to 78,0001., owing to some of the 
works having been sold at a less price than was anticipated, 
and the concern having been ied on at a loss. But 
recently the works had made a profit, and hopes were 
entertained that with a revival of trade a purchaser might 
be secured for the works, or they might dispose of them 
in such a way as to raise the original dividend of 2s. 6d. 
in the pound. The meeting approved of what had been 
done adjourned for three months. 

Engineering and Shipbuilding.—On the northern 
rivers these trades continue busy. 

The Coal and Coke Trades.—There is no material altera- 
tion in the fuel trade. 


Trade Prospects.—Experienced people who move a good 
deal about in e circles throughout the country d 
that since the beginning of the year there has been a 
marked improvement in the pros of trade. In general 
engineering and shipbuilding, they say that firms all over 
are busier and have now more inquiries than they have 
had for some time. It is confidently believed that a de- 
finite arrangement for would be followed speedily by 
a steady improvement in all branches of industry. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Steel Rail Rolling at Shefield.—Referring to a published 
boast that at the Seraing Works, Belgium, 365 tons of 
rails had been rolled in one day, and at Krupp’s Essen 
Works 340 tons, Mr. Holland, the i irector of 
Brown, Bayley, and Dixon (Limited), Sheffield, writes to a 
local —} 4 to say that at his works 386 tons, 14 ewt., 
and 3 qrs. have been rolled in one mill in 24 hours, the total 
number of rails produced being 1359. 

The Leeds Tramway Company .—The half-yearly report 
of this company shows a profit of 600l., out of which a 
— at the rate of 6 per cent. per annum is recom- 
mended. 


Sheffield Ironworkers’ Wages.—The puddlers and ton- 
nage men of the principal iron works at Sheffield have this 
week ag to accept a further reduction of 7} per cent. 
besides the 5 per cent. agreed to about six weeks ago. 


New Colliery at Langwith.—The Sheepbridge Coal and 
Iron Com » near Sheffield, have for some time past 
been —e in wey the Barnsley thick coal seam at 
Nether g@with, on the estate of Earl Bathurst. The 
coalfield leased comprises about 2000 acres, and lies on the 
west side of the Midland Company’s line from Worksop to 
Mansfield, and near the Langwith station. Coal has now 
been reached at a depth of yards from the surface, the 
seam being found to be 5ft. 10in. thick. The sinking was 
begun on August 1, 1876. Theshaft has been tubbed toa 
depth of 105 yards, and a second shaft has now reached a 





depth of 440 yards from the surface. 
The Sheffield Tr ys Company.—The half-yearly re- 
port of the Sheffield Tramways Company shows a clear 


profit of 25621., yielding a dividend at the rate of 6 per cent. | §™* 


= annum. The new Heeley and Nether Edge routes have 
een opened yay half-year, and the whole of the 
lines authorised by Act have now been completed with 
the + y of a short length in Norfolk-street, which 
awaits carrying out of certain street improvements. 


The company has now 361 horses, 34 double horse cars, and 
a ae horse cars, the length of lines being nine street 
es. 

Brown, Bayley, and Dizon (Limited), Sheffield.—The 
annual report of the directors of this company shows a profit 
of 29,5871. on the year’s trading, which the deem 
very satisfactory. The additions to and improvements of 
the plant referred to in the last report, have fully realised 
the expectations raised as to the in power of manu- 
facture, and the output has been =o augmented 
om a The company has now considerable orders on the 








NOTES FROM THE NORTH. 
Guasaow, Wednesday. 

Glasgow Pig-Iron’ Market.—Last Thursday’s pig-iron 
warrant market opened dull, and prices receded slightly, 
but a recovery took place in the afternoon on receipt of 
news of the safe of the fleet through the Dardanelles. 
Business was done in the morning at from 51s. 3d. to 
51s. 2}d. cash, and 51s. 5d. to 51s. 44d. one month, closing 
at the lower prices. A good business was done during the 
afternoon at 51s. 3d. cash, and 51s. 5d. one month, and 
the market closed with sellers at those prices, and buyers 
near. The market was a shade firmer on Friday forenoon, 
when business was done in warrants at 51s. 3d. to 51s. 34d. 
cash, and at 51s. 5d. to 51s. 54d. one month, the market 
closing with sellers at the higher and buyers at the lower 
quotations. There was a firm market in the a‘ oon, 
and buyers at the close offered 51s. 3}d. cash, while sellers 
asked 51s. 4}d., and the week closed with{warrants 14d. per 
ton higher than on the previous Friday. Monday’s warrant 
market opened strong, at an advance of 2}d., and subse- 
quently improved another 3d., making an addition of 5}d. 
to last woat's closing quotation. Business was done during 
the forenoon at 51s. 6d. cash, and 51s. 7}d. to 51s. 8d. one 
month, the market closing with buyers at the higher 
quotations, and sellers asking 1d. more. Prices again rose 
in the afternoon to 51s. 7d. and 51s. 9d. cash, and 59s. 9d. 
to 51s. 11d. one month, the market closing with sellers 
asking 51s. 9d. cash and 51s. 11d. one month, and buyers 


offering 1d. per ton less. The warrant market opened with 
very much less spirit ee and 2d. per ton under 
Monday’s closing and highest price. There was a 


further decline of 2d. during the day, but 1d. of 
that was recovered towards the close. Business was 
done during the forenoon at 51s. 7d. to 51s. 5d. cash, and 
51s. 9d. to ls. 7id. one month, the market closing with 
sellers asking 51s. 5d. cash, and 51s. 7d. one month, and 
buyers offering Ae per ton less. In the afternoon from 
51s. 5d. to 51s. 6d. cash, and 51s. 8d. one month were paid, 
and the market closed to buyers at 51s. 6d. and 51s. 8d. 
cash, and one month respectively, sellers asking 1d. more. 
The market was very quiet this forenoon, indeed it was abso- 
lately idle, no business being repo At the close sellers 
asked 51s. 6d. cash, and 51s. 8d. one month, buyers offeri 
1d. per ton less. The afternoon market was very flat, an 
both buyers and sellers named even lower prices than during 
the forenoon. The prolonged uncertainty in regard to the 
present political crisis in the East of Europe retards im- 
provement, but so soon as there is an absolute certainty of 
a peaceful settlement of the difficulties, it is confident 
believed that trade will begin to experience a revival. 
During the last week or ten days the demand for special 
brands for spring shipment has been exceedingly quiet, and 
G. M. B. iron for home consumption has m in limi 
demand, and prices are rather easier in second hands. A 
small quantity of iron was taken out of the — warrant 
stores last week, and up till Friday night the stock with 
Messrs. Connal and Co. stood at 170,611 tons, thus showing 
a decrease for the week of 60 tons. It seems that the 
additional furnace spoken of in last week’s ‘‘ Notes,’’ as 
having been blown in at Quarter Iron Works, is still out of 
blast, so that there are still only 87 furnaces in me 
as against 119 at the same time last year. The shipments 
of pig iron last week from all Scotch ports amounted to 
5722 tons as compared with 5839 in the corresponding week 
of last year. 

Royal Society at Edinburgh.—The sixth ordinary meet- 
ing of the Royal Society of Edinburgh for the present 
session took place on Monday night, Sir William Thomson, 
President, in the chair. Professor Fleeming Jenkin read a 

per on “* The i of the Graphic Method to the 

termination of the Efficiency of a Direct-acting Steam 
Engine.’”’ Professor Tait communicated a paper by Mr. 
Alexander Macfarlane, M.A., B.Sc., on “‘ The disruptive 
discharge of Electricity,’’ in which were described a series 
of investigations into the conditions of the passage of an 
electric spark at different distances, at different densities, 
and through different gases. Mr. J. Y. Buchanan sub- 
mitted a communication on ‘‘ The Compressibility of 
Water, Sea-Water, Mercury, and Glass,” as determined 
by him in a long-continued series of experiments conducted 
in sounding in the South Pacific, while engaged in the 
Challenger ——. The last communication was a note 
by Professor Fleeming Jenkin in regard to the telephone. 

ere had been a tendency, he said, at the previous meet- 
ing to show that the idea that Professor Graham Bell’s 
explanation of the telephone was not only incomplete, but 
wrong. He, however, contended that the telephone de- 
vised by Professor Graham Bell exhibited the simple 
inductive effects he described; and in support of that 
theory, he drew attention to and descri! Mr. Gott’s 
experiments with the telephone at St. Pierre. Incidentally 
Professor Jenkin stated that he had constructed a phono- 
ph which reproduced speech mechanically, and that he 
intended to exhibit it to the society at its next meeting. 

Institution of Engineers and Shipbuilders in Scotland. 
—The fifth general meeting of the twenty-first session of 
this Institution was held last night, Mr. R. Bruce Bell, 





C.E., President, in the chair. There was a large at- 








tendance. Mr. A. C. Kirk (in the absence of the author, 
Mr. William ) read a paper On ‘“‘The Late Action 
of the Board of Trade with Regard to Steam Valves.” It 
excited a great deal of interest, and led toan animated dis- 
cussion, which was ultimately adjourned for the p of 
being continued at a speed meeting of the Institution to 
which the ing shipowners on the Clyde are to-be in- 
bn I fvarhich be had devised for lower: 
an ingenious arrangement which he or lower- 
ing and raising screw propellers, and adjusting steering 
gear. 

Fraserburgh Harbour Commission.—At the last meeti 
of this body a report was read by the engineer, from whic 
it was shown that the sum of 23,0001. had been expended 
during the pee two years in plant, and otherwise in con- 
nexion with the harbour extension works. The report 
was remitted to a committee to examine and report. 


Ayr Harbour Trustees.—When the nature of the Bill 
which is now being promoted in Parliament by the Glasgow 
and South-Western Railway (so far as it relates to the 
extension of branches to the new dock) became known to 
Ayr Harbour Trustees some time ago, they rose in great 
indignation, and resolved to give the most vigorous opposi- 
tion to the measure. On Thursday last, however, certain 
representatives of the directorate of the G w and South- 

estern Railway met with the members of the Standing 
Committee of the Harbour Trust, and the result of a long 
interview was that a resolution was adopted by the Standing 
Committee recommending the trustees to withdraw their 
opposition to the railway company’s Bill, certain con- 
cessions, which will be submitted to an early meeting of 
the Trustees, granted by the railway, being accepted. 

New Railway Bridge over the Clyde.—Rapid p 
is being made with the new railway bridge over the Clyde, 
at Glasgow Harbour, for connecting the Caledonian South- 
Side lines with the t cen’ station now in course of 
construction at Gordon-street. The girders forming the 
first or southernmost of the three river spans, which is 
178 ft. in length, are being rivetted in position with great 
expedition ; and it is expected that in two or three months 
the whole length of the bridge, including all the five spans, 
will be practically complete. 





Tue American Iron TrapzE.—Business continues to 
improve slowly in the manufactured iron trade in the Pitts- 
burgh district, Pennsylvania. Orders are coming forward 
more freely, and nearly all the mills have resumed opera- 
tions ; some of them are running double time. 





AmeEgican Locomorives.—The Taunton Locomotive 
Manufacturing Com A contracted to build ten heavy 
freight engines for the Union Pacific Railroad Company; 
these oe are to be delivered by July 1. They are to 
be ten-wheeled ; the driving wheels are to be 5 ft. in dia- 
meter. The Baldwin Locomotive Works, Philadelphia, 
have received an order for three locomotives to be placed 
on the Government railways of New South Wales. Twoare 
to beof the ‘‘ Consolidation’’ pattern, and one of the standard 
pase size. The order for 40 locomotives from the 

ussian Government to the Baldwin Works is now filled ; 
the engines are shi in two English vessels, and are 
now en route to u, where an engineer and thirteen 
American workmen have gone to meet them. 





Tue INsTITUTION OF CIVIL ENGINEERS.—The meet- 
ings of the students of this society will be resumed on 
Friday evening next at 7 p.m., when Mr. Barlow, Vice- 
President, will preside. The paper to be read and discussed 
is ‘‘On Plate Girder Bridges,” by Mr. Percy W. Britton. 
Other papers have been d for reading and discus- 
sion at 7 p.m. on the succeeding’F riday evenings as follows : 
viz., March Ist, ‘‘ The Application of Machinery to Stoking 
in Gas Works,” by Mr. Jno. G. Read; March 8th, “‘ The 
Ebbw Vale Water Works,’’ by Mr. John C. Mackay; 
March 15th, ‘“‘ The Foundation Works at the Tay Bridge,” 
by Mr. A. Spence Moss; March 22nd, “‘ Fire-Resisting 
Structures,” by Mr. B. H. Thwaite ; Murch 29th, “ The 
Eastern Canal, France,’”” by Mr. W. B. Dawson; April 
5th, ‘‘The Washing and Dressing of the Ores of ’ 
Copper, Tin, and Zine, and the Smelting of the same,’’ by 
Mr. Alfred W. Szlumper. At these meetings, Dr. Pole, 
Mr. Bateman, President, Mr. Bruce, Sir J h Bazalgette, 
Mr. Abernethy, Vice-President, and Dr. Siemens, have 
undertaken to preside. 








Woop Curtine.—The English are not a singularly in- 
ventive people, but when a new idea does strike them it is 
ss elaborated. A portable steam saw which requires 

our men to lift it, and several minutes to adjust it to the 
tree, has recently been tried near London. It is said to be 
capable of cutting down an elm of 3 ft. thick in eight 
minutes; and some sapient gentlemen pronounced their 
opinion that it was a perfect success and would be of great 
service, particularly in clearing American, Indian, and 
colonial forests. We wonder whether these judges have 
any idea of the short time that it takes four CGinalion axe- 
men to drop a 3-ft. birch or maple, and of the acccuracy 
with which it is made to fall wherever the choppers may 
please? Even a couple of expert axemen could, we 
imagine, fell a ‘‘3-ft. elm” in less time than it would take 
to get this new machine into position. Yet the sage of 
Hawarden ciiops away with an implement something like a 
cross between a bill-hook and a meat-axe, and has only very 
heard of the “‘ American chopping axe,” which, he 


recen ] 
is graciously pleased to remark, ‘‘ seems well adapted to its 
purpose.” hat the lumberman who knows the ‘“ points 


of an axe asthe trainer does those of a horse, and who 
keeps its edge as keen as a razor, would say to such & 
dilettante member of the craft, might be amusing to us 
instructive to him.—Montreal Herald. 
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REPULSION FROM RADIATION. 

IN our last notice of Mr, Crookes’s experiments,* 
we endeavoured to show, by pointing out the large 
field which they covered and the continuous train 
of reasoning of which they were the results, that the 
invention of the radiometer and the discovery of 
that form of molecular disturbance which is known 
as ‘‘ Crookes’s force” were no accidents, but the 
reward of a patient and exhaustive scientific re- 
search, every step of which left its mark both by 
the elimination of error and by advancing the in- 
quiry further towards truth. 

Some of the most interesting experiments in this 
inquiry, and at the same time some of the most 

uable on account of the results obtained from 
them, were those made by Mr. Crookes for detect- 
ing and measuring the viscosity of the highly atte- 
nuated medium within the exhausted chamber and 
for ascertaining the physical influence of the resi- 
dual gas on the movement of the radiometer. 

When the radiometer became generally. known, 
and was much talked about, it was not uncommon 
to hear it said that the undulatory theory of light 
sppeered to be shaken by Mr. Crookes’s results, and 
that the old exploded Emission theory stood a good 
chance of being resuscitated once more into life. 
It is needless to say that this idea was never enter- 
tained by Mr, Crookes nor, as far as we know, by 
any leading physicists. But in a paper read 





* See ENGINEERING, p. 68, ante. 


before the Royal Society. two years ago,* Mr. 
Crookes described an experiment he had made while 
ascertaining the exact period of oscillations of a 
torsion beam in a vacuum, which showed very con- 
clusively that impact, such as would be understood 
under the emission theory of light, could have 
nothing to Mle gt pe Pp. 5 eps pili torsion 
apparatus consisted of a very light glass carry- 
ing of Gaah end a disc of blackened pith, and at its 


“| centre a small mirror by which its angular displace- 


ment could be 
of light upon a scale, 
pith discs and mirror wei not, more than 1? 
grains, and was suspended ina vacuum tube by 
a fine fibre of glass from a support above. 

In order to give the first impulse to set the beam. 
swinging, Mr. Crookes placed a candle close to the 
apparatus admitting from it a ray of radiation through 
an aperture in a screen by the momentary opening 
andclosing of ashutter; this sent the beam to the limit 
of its range, the spot of light disappearing from the 
scale, It then slowly returned to zero and stopped 
without any oscillation beyond the zero point, and 
the same effects were produced by more powerful 
illuminating agents, such as incandescent magnesium 
wire. The behaviour of the beam was such as to 
convey the impression that it was swinging in a 
viscous fluid, and what might seem at first sight 
more remarkable was that the more perfect the 
vacuum, the greater appeared to be the viscosity. 
From the fact that the index in its return journey 
stopped short at the zero point, it is clear that its 
movement was held in check by some force acting 
after the light had been removed, and this effect 
was not altered by interposing between the apparatus 
and thesource of radiation screens of those srt 
which in ordinary physical experiments are under- 
stood to cut off the heat rays of the spectrum, 
When, however, the torsion beam was set swinging 
by giving to the whole apparatus a sudden angular 


by the movement of a spot 
whole beam with its 


displacement site light being cut off by the shutter) 
the beam oscillated through a large arc, and con- 


tinued to do so for several minutes, declining in am- 
plitude at each oscillation until it came to rest at 
zero. This ectly free movement is in strong 
contrast to the constraint under which the beam 
moved when the initial impulse was given by radia- 
tion instead of by a mechanical jerk. Mr. Pioekas 
found that effects identical with those described were 
vat nese when the beam was placed under the in- 
uence of rays of different refrangibilities, that is to 
say in different parts of the spectrum. With 
to this Mr. Crookes says} ‘‘a ray in the blue, falling 
on the pith, would drive the index perhaps twenty 
divisions along the scale. It would then gently return 
to zero, where it would stop, occupying the same 
time to come back as it did to goforward. If, how- 
ever, after the action of the light had entirely 
ceased, I gave the tube a slight jerk, so as to cause 
the beam to swing through the same arc, the index 
on returning to zero would pass perhaps 15 deg. 
the other side, and would thus oscillate for some 
time from one side to the other of zero, taking many 
minutes to come to rest.” 
These experiments prove very. conclusively two 
things ; first, that the blackened surface under the 
influence of radiation stores up potential ener 
which is afterwards rendered apparent either by 
motion in one direction or by resistance to motion 
in the opposite direction, and, secondly (discard- 
ing the notion of action at a,distance), that the resi- 
dual gas, however attenuated it may be, pos- 
sesses viscosity, and is of sufficiently material a 
nature to act as a medium of resistance, or of con- 
veyance of the potential energy stored up and given 
off by the black surfaces of the instrument under 
the influence of radiation. 

At the soirée given by the President of the Royal 
Society in April, 1876, Mr. Crookes exhibited an 
instrument by which the presence of residual gas 
in a radiometer was rendered apparent, although 
it had been exhausted to a very high de 
of attenuation. In this instrument a small - 
ment of pith was suspended within the bulb of a 
radiometer by a fine cocoon fibre from a little 73 of 
iron which by an external magnet could held 
against the inside surface of the radiometer bulb at 
any desired spot. The piece of pith could there- 
fore be suspended in any place within the envelope. 
When suspended in such a. position that the vanes 
in their rotation only just cleared it, it was found 
that at high velocities but very little movement 
the suspended pith was produced, but on removing 

* Philosophical Transactions, vol. clxyi., page 962, § 194, 








"+ Ibid. 





the source of radiation, and allowing the velocity of 
rotation to diminish, it was found that at one parti- 
cular speed there was a considerable movement of 
the suspended pith. By placing the source of radia- 
tion a little further off so that the speed of the radio- 
meter was such that the number of impulses given 
by the vanes in passing the little pendulum was 
synchronous with the period of its oscillation, the 
pith “ bob” could be kept swinging with regularity 
through a large arc. 

The presence and influence of the residual gas 
may be shown in several ways. In March, 1876, 
Mr, Crookes exhibited at a meeting of the Royal 
Society, a very striking experiment, in which he was 
able to obtain a rotation of the glass case of the 
radiometer when the instrument was floated in 
water, For this purpose he constructed a large 
radiometer with discs of “ blackened on one side 
and having ten arms, eight being of brass and the 
other two being formed by a long piece of watch- 
spring highly magnetised. The whole instrument 
was floa in a vessel of water, candles being weoee 
round it so as to set the vanes in rotation, 
this rotation began the glass envelope turned slowly 
a few degrees in one je tion, then Fase cor and 
turned a few degrees in the other, and y it took 
up a uniform rotation in the same direction as the 
arms were moving, taking about an hour to com- 

lete an entire revolution, This effect might have 
fon due to one or both of two causes, namely, the 
friction of the pivot on its centre or the viscosity 
of the residual air communicating the motion of the 
arms to the envelope which surrounded them; but 
upon fixing the arms relative to space by means of an 
external magnet (the source of radiation continuing 
as before), the glass envelope began to rotate in the 
opposite direction to that in which the arms had 
been moving and continued to do so, at the speed 
of about one revolution in two minutes, as long as. 
the candles were burning. When, however, the 
source of radiation was removed and by means of 
an external magnet the vanes were kept in rotation 
at the same speed as before, the g envelope 
rotated in the same direction and at a speed of one 
revolution in three minutes. In these experiments 
a very important difference is observed in the be- 
haviour of the envelope when the vanes are rotated 
under the influence of radiation or simply by mecha- 
nical means, and point very clearly to the now univer- 
sally acknowledged fact that both the residual gas 
and the envelope itself, or rather their influence upon 
one another, play an all-important part in the 
phenomena connected with the radiometer. They 
also show hat the influence of the friction of the pivot 
on its centre and that of the ‘‘churning” action of the 
vanes on the residual air are far from insignificant, 
and this fact is especially noticeable in the sapere nt 
last described, in which it was shown that the move- 
ment of the vanes by an external mechanical in- 
fluence was transmitted to the envelope with suffi- 
cient force to carry it round, notwithstandin the 
‘‘skin resistance” offered by the water in which it 
was floated, ! 

Another experiment which illustrates these facts 
is one that was devised by Dr. Arthur Schuster, and 
which has been previously described in these 
columns. A radiometer was suspended by bifilar 
fibres attached to its envelope, to which was also 
attached a small mirror, by which the smallest an- 

displacement of apparatus could be 
etected by the movement of a spot of light upon a 
screen. en a powerful a source of 
radiation was allowed to fall upon the instrument, 
the vanes began to rotate, and there was at the same 
time a decided rotation of the envelope in the opposite 
direction, indicated on the screen by the deflection 
of the spot of light. Upon cutting off the radiation 
the vanes came to rest, and there was a correspond- 
ing. angulas displacement of the glass case of the 
iometer in an opposite direction to that in which it 
had moved before. The movement of the envelope 
was only produced when the radiometer was free 
to move on its centre, so that the vanes and the 
interior surface of the bulb could act and react 
upon one another through the molecular inter- 
vention of the residual gas. When the instrument 
was in an inv: so as to fix the 
to the eny no such movement 


k place. 
In order to ee a between the effects of 


viscosity of the residual gas and those of friction of 
the needle point on its centre, or of the torsion of 


| the fibre when that is the method of support, Mr, 
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which carried a mirror, was suspended within an ex- 
hausted bulb by a fine fibre of glass, attached at its 
upper extremity to a glass stopper eyo | ground 
into the mouth of a long tube rising from the upper 
rtion of the bulb, The stopper was lubricated with 
urnt india-rubber, which rendered it air-tight, 
at the same time allowing it to be rotated in its 
seat with perfect ease. The apparatus was held in an 
upright position by clamps, which allowed its rotation 
on a vertical axis through a small arc, the connexion 
to the Sprengel wy! being made by a long spiral 
tube of glass which by its elasticity permitted the 
movement of the bulb. In experimenting with this 
apparatus, the stopper, and therefore the torsion 
beam suspended from it, were fixed with respect to 
space. It is clear then that a rotation of the bulb 
could only communicate motion tothe pith bar through 
the viscosity of the residual air ; for if the residual 
air possessed no viscosity no movement could be 
communicated by the envelope to the torsion beam. 
It was found, however, that when the bulb was 
rotated the beam moved in the same direction, 
though not to the same extent, and continued to 
oscillate in decreasing arcs until it came to rest at 
its zero position. 

Having proved the existence of viscosity in the 
highly attenuated residual gas in a radiometer, Mr. 
Crookes next proceeded to measure it by observing 
the falling off in the are of oscillation, when the beam 
was once started and then left to itself. By observing 
the decrement in the amplitude of vibration at each 
oscillation of the beam, a measure of the viscosity 
may be arrived at, but a more convenient constant 
is obtained by using the J/ogarithm of the de- 
crement. This constant, which is called the 
logarithmic decrement, is that which has been 
employed by Mr. Crookes throughout his later 
researches. It is obvious that effects of the 
viscosity of the glass suspending fibre are included 
in the logarithmic decrement; but glass is so nearly 
a perfectly elastic body that this influence may be 
dismissed from the calculation, especially, as in the 
particular case in point, the fibre is little more than 
one-thousandth of an inch in diameter. 

The apparatus last described was designed simply 
to separate the influence of the viscosity of the 
residual air from that of other retarding forces, but 
the logarithmic decrement, which is a measure of 
that viscosity, can be observed without the com- 
—— of making the support of the suspending 

bre independent of the envelope. It is only neces- 
sary to set the beam swinging by any means, and to 
watch that decrement of its arcs of vibration, in order 
to obtain the constant required; and in Mr. Crookes’s 
later experiments for ascertaining the viscosity of 
the residual gas, as well as the force of radiation, 
the whole apparatus was sealed up in glass, thus 
simplifying its constraction in several important 
respects, and enabling higher exhaustions to be 
attained than would have been possible if a movable 
a had been employed. ith this apparatus 
1) the viscosity was measured by the logarithmic 
ecrement of the arc of oscillation when not under 
the influence of radiation ; (2) the force of radia- 
tion from a candle or other radiator was ascertained 
by the successive vibrations and permanent deflec- 
tion when one end of the torsion bar was subjected to 
the influence of radiation; and (3) by the appearance 
of an induction spark passing between two wires 
placed close together within the envelope, and com- 
municating with the exterior, the process of exhaus- 
tion could be watched. For, according as the ex- 
haustion increases, the interior of the vacuum tube 
becomes uniformly luminous, striated, or luminous 
iy at the poles, and when the exhaustion is pushed 
still further, the residual gas ceases to convey the 
current, and no luminosity is observed. 

The following are some of the more important 
results obtained by Mr. Crookes with this apparatus, 
and we cannot do better than give them in Mr, 
Crookes’s own words by quoting from a paper read 
by him before the Royal Society in June, 1876.* “Up 
to an exhaustion at which the ga ard barometer 
are sensibly level, there is not much variation in the 
viscosity of the internal gas (dry atmospheric air). 
Upon now precngriy ea exhaust, the force of radia- 
tion commences to be te oe the viscosity re- 
maining about the same. ‘The viscosity next begins 
to diminish, the force of radiation increasing. After 
long-continued exhaustion the force of radiation 
approaches a maximum; but the viscosity measured 
by the nego decrement begins to fall off, the 
decrease being rather sudden after it has once com- 
menced, Lastly, some time after the logarithmic 





decrement has begun to fall off, and when it is 
about one-fourth of what it wasatthe commencement, 
the force of radiation diminishes, At the highest 
exhaustion I have yet been able to work at, the 
logarithmic decrement is about one-twentieth of its 
original amount, and the force of repulsion has sunk 
to a little less than one-half of the maximum, The 
attenuation has now become so excessive that we are 
no longer at liberty to treat the number of gaseous 
molecules present in the apparatus as ——— 
infinite, and, according to Professor Clerk Maxwell’s 
theory, the mean length of path of the molecules be- 
tween their collisions is no longer very small com- 
ay with the dimensions of the apparatus.”” And 

r. Crookes has found that the degree of exhaus- 
tion at which an induction current refuses to pass 
between the terminals within the exhausted chamber 
is far below the extreme exhaustions at which the 
logarithmic decrement begins to fall away. 

t is an interesting fact that Mr. Crookes’s experi- 
ments in this direction entirely support Professor 
Clerk Maxwell’s statement that the viscosity of a 
gas is independent of its density, and corrobo- 
rate in a remarkable degree the latest hypotheses 
of the kinetic theory of gases, and of the ultimate 
constitution of matter. 

Want of space will not permit us in this article to 
describe Mr. Crookes’s very interesting experiments 
for obtaining quantitative measurements of the 
viscosity of the residual medium and of the repellent 
force of radiation in different gases, and at various 
degrees of exhaustion, It must suffice to mention 
that these experiments, to which we shall refer at 
greater length next week, have enabled Mr. Crookes 
to determine the relation which exists between the 
viscosity of the residual gas and the force of re- 
pulsion exerted by radiation, and have led him to 
detect some remarkable physical distinctions in the 
behaviours of different gases under exhaustion. 


FACTORY LEGISLATION. 
One of the most difficult questions that have en- 
gaged the attention of Parliament has been that of 
the regulation of duties between employers and the 
employed. This was at first restricted to the 
branch of textile manufactures of this country ; 
but by degrees the restrictions at first instituted 
have been extended to almost every branch of 
handicraft in which ‘‘ power” other than that of 
man has been used for motive purposes. Recently 
hand-labour of all kinds, even if carried on in private 
families, has become the subject of regulation, 
so that our households, whether in regard to work, 
educational, or sanitary matters, are becoming the 
subject of paternal legislation to an extent that, if 
present measures , Will leave us subject to a 
variety of regulations that will render a household 
merely a meaningless term. 
In making these remarks we must state that we 
gladly welcome any effort to improve the status 
and general condition of our industrial classes. 
Their necessities frequently impel them to work, 
both as regards adults and children, far beyond 
what nature can bear. But still we imagine that 
there is a sufficient amount of common sense among 
that class to defend their own interests. In some 
cases this is carried too far, as is evidenced in the 
numerous, and generally unreasonable, strikes that 
have during the last seven years done such an 
immense amount of injury to our manufacturing 
interests. 
As we anticipated, the Government have, by Mr. 
Secre Cross, reintroduced their ‘‘ Factories and 
Workshops Bill” of the last session. Practically 
speaking, however, the present measure is a new 
Bill, repealing a large number of antecedent Acts, 
or at all events largely amending them, It is in- 
tended to consolidate such Acts, and consequently 
to give the new Bill the title of ‘‘ The Factory and 
Workshop Act, 1878.” We shall briefly discuss its 
provisions, premising that, if ed, it will come 
into operation on New Year’s Day next (1879). 
The first part directs attention to sanitary pro- 
visions in respect to drains, overcrowding, &c., in- 
cluding the remedy provided by Public Health Acts 
already passed, naling it compulsory on the in- 
spector to set the law in motion. Secondly, the 
fencing of dangerous machinery is dealt with in a 
manner, generally speaking, already provided for. 
If dangerous vats are found in a factory they must 
be fully protected. A question may here arise as to 
how far employers should be responsible to the 
workmen for any injury the latter may sustain 
through neglect of their fellow-workmen. This 








has already taken up the subject. Meanwhile, from 
some little experience in factories, we cannot help 
expressing the opinion that many so-called factory 
accidents are deliberately induced by the sufferers 
themselves. We have'seen instances of the kind in 
which personal injury was induced simply because 
a subscription was sure to follow for the relief of the 
‘* sufferer.” 

Meal hours form the subject of Part III. To the 
provisions of this department we offer no objection, 
except that they appear to be utterly beyond the 
comprehension of ordinary individuals, whether 
masters or men. A curious provision, Clause 13, 
states that young persons and women in a non-textile 
factory shall either begin at 6 a.m. and end at 6 P.M., 
or at 7 A.M, and 7 P.M., with the exception of Satur- 
day, the ending period being then at2 p.m. How 
will this apply to the custom of many non-textile 
trades commencing at 8 A.M. daily ? 

We pass on to Clause 16, which deals with “ per- 
sons” employed at home, that is domestically, and 
not in the ordinary sense of a factory ; the persons 
employed being members of the same family dwell- 
ing there. In this specimen of family legislation we 
have to go back to the reign of William I. —the 
curfew days—to find a parallel. We quote verbatim 
the provisions of this clause (p.9). ‘The period 
of employment for a young person or woman shall, 
except Saturday, begin at six o’clock in the morn- 
ing and end at nine o’clock in the evening, and 
shall on Saturday begin at six o’clock and end at 
four o'clock.” This, and some of the successive 
provisions under this head, will give aslight amount 
of work to factory inspectors considering the thou- 
sands of families in Great Britain who get a living 
by home work. There is scarcely a third-rate street 
in the metropolis which has not its home workshop. 
Where are sufficient inspectors to be found to keep 
all such ‘‘ shops” under proper management? They 
must certainly be early risers, and withal inde- 
fatigable in the exercise of their duties ; especially 
they will have to see that the children and young 
persons have their meals at proper hours. We may 
note (Clause 20) that a child under ¢en years shall 
not be employed in a factory or workshop. 

After provision for holidays, education next 
comes under notice, and to none of the clauses 
(23 to 26) can much reasonable objection be made, 
except on the ground of the difficulty and incon- 
venience in carrying them out, Clauses 27 to 30 
provide for certificates in respect to age to which 
similar remarks apply, due attention being paid to 
the physical powers, general health of children and 
young persons under 16 years of age. A copy of 
the certificate of birth is very properly insisted on, 
as it is usual in almost every case, especially in the 
manufacturing districts, for parents to drive their 
children to work at as early an age as is possible, 
for the we pel ose of getting their earnings, 
and of saving sc bel fees. 

Clause 31 deals with the question of accidents, 
whether causing loss of life in factory or workshop, 
or bodily injury. It enforces that notice should be 
given to the certifying surgeon for the district, with 
full particulars, under penalty, The actual employer 
as, for example, a sub-contractor, &c.) must imme- 
iately report to the occupier, under penalty for 
neglect, 

The second main division of the Bill refers to 
special provision for health in certain factories and 
workshops, as to whitewashing, painting, &c., the 
interior walls, ceilings, and tops. Bakehouses, 
grinding shops for metals, and other occupations 
or processes producing’ dust are dealt with in 
Clauses 33 to 36, and Clause 37 refers to injury to 
health that might be caused by the damp arising 
from the present method of spinning flax, hemp, 
jute, tow, &c. Special restrictions as to em- 
ployment, meals, certificates, &c., are provided in 
Clauses 38 to 41, in respect of certain works, as 
dyeing, bleaching, and the like; while in Clauses 
42 to 50 special exceptions, relaxing the general law 
in certainfactories and workshops, are allowed. The 
question of overtime (52 to 55), and of nightwork 
(56 to 58), are dealt with in the interest of male 
young persons, special exemption being made in 
regard to nightwork in newspaper printing. Glass 
works are also provided for so as to accommodate 
the exigencies of the manufacture. Clause 59 gives 
special exception in regard to domestic factories and 
workshops with certain other workshops in regard 
to cleanliness, overcrowding, meals, &c,, and by 
Clauses 60 to 63 supplemental remarks are made 
explanatory of the special provisions already 
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matter, however, may be left to Mr, Mundella, who 


defined. 
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Part III. of the Bill deals with its general ad- 
ministration, penalties, and legal proceedings, most 
of which have been anticipated by previous Acts. 
Clause 77 provides that in the case of neglect to fence 
machinery, in the event of accident, the employer 
shall be liable to a fine not exceeding 100/., the 
whole or part of which may be applied for the 
benefit ofthe injured person, to be determined by 
the Secretary of State. The remainder of the Bill 
chiefly relates to the form and method of legal pro- 
cedure, and to the provisions in respect to Scotland 
and Ireland, ending with a series of schedules, 
definitions, &c. 

The Bill is one of the best intentions to benefit 
the operative. But the complicated character of 
its provisions, and the legal processes, will, if as at 
present proposed, greatly restrict its operation, As 
we have already stated, masters will have great 
difficulty in understanding it, and the operative, for 
whose relief it has been brought out, will rarely 
have the will, and still less the means of availing 
himself of its provisions. However, the sifting 
effect of a Select Committee may go far to obviate 
the difficulties we have hinted at. 








COMPOUND ARMOUR PLATES. 

On the 18th of December last some important ex- 
periments were carried out on board the Nettle 
target-ship at Portsmouth in order to test the merits 
of some armour plates on a new — which had 
been manufactured by Messrs. Cammell and Co., of 
Sheffield, under the patent of Mr. A. Wilson. The 
novelty consists in facing wrought-iron plates with 
steel, the object being to effect the disruption of 
the projectile on impact and to prevent any fissures 
made in the plate extending through to the back, or, 
in other words, to confine the cracks to the hard 
steel face which would still adhere to its backing of 
soft iron. The experiments, which were fully 
reported by us at the time,* were not altogether 
successful, the plates showing imperfect welding 
between the steel and iron, which was attributed to 
the too hasty carrying out of a new process of manu- 
facture. Some similarly made plates of smaller 
size had, however, been previously fired at with the 
best results at Shoeburyness. Some further ex- 
periments in this direction were carried out on board 
the Nettle on Wednesday week with two composite 
armour plates which this time were manufactured 
by Messrs. Jobn Brown and Co., Sheffield, under 
the patent of Mr. J. D. Ellis, The main point of 
difference between Mr. Wilson’s process and that 
of Mr, Ellis is that the former gentleman pours the 
molten steel on to the iron plate while it is in the 
furnace, of which it in fact forms the bed, whilst 
the latter attaches the steel to the iron plate after 
it has been heated in thefurnace. Mr. Wilson pro- 
duces his steel by the Siemens process, whilst Mr. 
Ellis adopts the Bessemer process. 

The two plates in question consisted of equal 
thicknesses of steel and wrought iron, one having a 
face of low steel 44 in, thick welded upon a backing 
of iron of the same thickness, the plate measuring 
7 ft. 9in. by 6 ft. 8 in. The other plate had a 
similar thickness of harder steel upon an iron back- 
ing of corresponding thickness ; this plate measured 
7 ft. 6in. by 6 ft. 7in. by 9in, thick, Both the 
plates were firmly secured from behind with navy 
bolts to timber backing. Three rounds were fired 
at each plate from a muzzle-loading rifled gun with 
battering charges of 50 lb. of pebble powder and 
250-Ib. Palliser projectiles point blank at 30 ft. 
range. The conditions in fact were similar to those 
in the previous experiments, except that in the last 
the projectiles were said to be of a somewhat harder 
character, and were also fitted with gas checks, 
which gave a higher terminal velocity, and rendered 
the ordeal somewhat more severe. ‘The three shots 
on each plate were delivered at three marked points, 
2 ft. apart, and forming a triangle with the apex 
downwards, the second shot in each case being 
delivered at the apex. The first shot in both targets 
cracked the plate from the point of impact to the 
apex of the triangle, while the second caused a con- 
tinuation of the crack to the bottom of the plate. 
In the case of the low steel the prolonged crack 
penetrated through the iron, although the other 
cracks did not extend beyond the steel. The pro- 
jectiles, which all broke up on impact, each caused 
a bulge of 3 in. to the rear of the iron plate, and it 
is a noteworthy circumstance that no cracks were 
developed except at the points of impact, On the 
whole the behaviour of the plate faced with low 


* Vide ENGINEERING, vol. xxiv., page475. 











steel was considered satisfactory, the weld between 
the metals, in both cases, being very perfect. 

Not quite so satisfactory, however, were the 
results with the second plate, which was faced with 
a harder steel, and which cracked and starred in all 
directions. ‘The projectiles were broken up into 
small fragments, but they punished the plates 
severely, both steel and iron being cracked through. 
The third round told on one of the bolts, and caused 
a large portion of the plate—about one-third—to 
become detached. So far it would appear that the 
low steel is better adapted to resist the impact of 
heavy projectiles than hardsteel, and this confirms the 
conclusions deduced from the results of the previous 
trials. The last experiments, however, are considered 
inconclusive, and will probably be repeated with 
such modifications as experience suggests. The 
present position of the question broadly is, whether 
it were better to adopt for the protection of our ships 
iron armour which does not fissure, but allows the 
projectiles to penetrate, or steel armour which suc- 
cessfully resists the penetration of shot, but is at the 
same time itself broken up. The foregoing experi- 
ments were conducted by Commander Oxley and 
Lieutenant Custance of the Excellent, and were 
attended by some of the leading officials connected 
with the Admiralty. 





TELEGRAPHY WITHOUT METALLIC 
CONDUCTORS. 

THE experiments made by M. Bourbouze in Paris 
and recorded in our issue of January 4th, show that 
it is possible to transmit electric signals from one 
station to another without using a metallic conductor. 
Practically speaking, the results hitherto obtained 
are of little value; but from a theoretical point of 
view, they are highly interesting. 

It was shown that when a battery circuit, having 
its two poles to earth, is closed, the galvanometer 
of any line, having its two ends also to earth, indi- 
cates the passage of a current; on reversing the 
former, the direction of the latter is also reversed. 
One battery circuit would therefore be able to send 
currents through an indefinite number of such 
lines ; and, if the battery were used in the ordinary 
way for the transmission of messages, those mes- 


sages could be received by any or all of the lines. 


Telegraphy would then be indeed multiplex, and 
secrecy would well-nigh be impossible. ‘This mul- 
tiple character of the transmission, however novel 
and curious, would prove fatal to the new principle 
were we not able so far to control the current as to 
make it tell its tale there only where it should be 
told. Now this we may do without interfering 
with its many-sidedness, without compelling it to 
take any one particular direction. 





, Us 





The tuning-fork supplies the means of attaining 
this end. Let us suppose that we introduce into 
our circuit a fork making 300 vibrations a second, 
The current that is sent on to the distant station 
will in consequence be intermittent. It will be made 
and broken 300 times ina second. Moreover it will 
have a selective power; for of all the forks that 
may be connected with the line, whether at inter- 
mediate or at the terminal stations, it will single out 
one particular one and set it vibrating. Those 
whose rates do not allow them to vibrate in syn- 
chronism with it, will be silent ; one alone will take 
up the electrical pulses and deliver the message. 

Fig. 1 shows the manner in which a fork may be 
used for transmitting signals. As soon as the key is 
pressed down, the battery circuit is completed 
through the upper prong, the adjusting screw, and 
the spring S. ‘The electro-magnet is immediately 
made; and, attracting the neighbouring prong, 
breaks the circuit. The elasticity of the steel prong 
now comes into play and sets it vibrating at its 
normal rate. During each vibration, the prong 
touches the underlying spring, completing the cir- 
cuit at the same time andsending an electric wave 
through the line. During the brief space of time 
that the key is pressed down, a considerable number 
of such instantaneous currents is transmitted and 
the synchronous fork at the other end starts at 


once into action. The key is used as in ordinary 

St and may be worked with equal ra- 
idity. 

. It may not immediately suggest itself how the 

second fork may be set vibrating by the intermittent 

currents sent by the first. Fig. 2 shows an arrange- 

ment for this purpose which does not materially differ 














from the receiving instrument of La Cour’s telephone 
Here the fork F is made of soft iron, and its 
prongs are inserted within two hollow coils. The 
wire with which these are wound is connected at 
one end with the line, and at the other with two 
upright electro-magnets M m and the earth, The 
wire is wound on these electro-magnets so that 
their poles N S may have opposite polarity to that 
of the adjacent prongs. 

When a current flows through the line, the iron 

rongs are attracted by the neighbouring magnets ; 
but as the current is momentary in duration, they 
are as speedily released. They are thus attracted 
and released as many times in a second as there are 
currents sent into the line. Their vibrations will 
therefore be in unison with those of the sending 
fork. If they cannot adapt themselves to this rate 
of vibration, then they will remain unaffected by 
the ing current, 

e have still to notice how the message may be 
read from this vibratory motion. For this purpose, 
a small flexible spring P is adjusted under one of 
the prongs and is in connexion with a metallic 
strip fixed to the stand of the instrument, The two 
poles of a local battery are connected respectivel 
with this strip and the tuning-fork. When the for 
is thrown into vibration, the prong makes contact 
with the spring and completes the local circuit. A 
Morse, or any other of the usual receiving instru- 
ments, may be introduced into this circuit and thus 
the message may be read off. By this ingenious 
device secrecy is secured, while the multiplex nature 
of the principle is preserved. 








AMERICAN IRON AND STEEL WORKS. 
By A. L, Hottey and Lenox Smits. 
No. XV1,—Tue PHILADELPHIA AND READING Ralz- 
ROAD Company’s Rar MILi. : 

Tue rolling mill belonging to this company is 
situated at Reading, Pennsylvania, about 58 miles 
from Philadelphia, and was put in operation in 
March, 1868. 

The general plan of the works is shown on Fig. 1 
of our two-page engraving. The main building -is 
420 ft. long by 90 ft. wide, and has two wings 
180 ft, and 90 ft. long respectively, by 90 ft. wide. 

The raw materials used in ing new rails and 
those for repairs and maintenance, are delivered to 
the mill by means of trestle tracks, and the finished 
product is received on cars upon sunken tracks, as 
shown in the engraving. Thus the locomotives of 
the Reading Railroad, with which these sidings com- 
municate, operate as hoists, and the materials and 
products are moved into the yard and out of the 
mill by gravity. ‘The convenience of the ie 
ment of sidings and yards will be noticed. ‘The 
small squares shown in the mill are cast-iron floor- 
plates, 

The rolling mill contains twelve single puddling 
furnaces with an annual capacity of 6500 tons of 
puddled iron, eight heating furnaces, and two reheat- 
ing furnaces. A 36 in. by 30 ft. cylindrical boiler is 

laced over each puddling furnace, and two similar 
oilers over each heating and reheating furnace, 
there being in addition to these a locomotive boiler 
which is supplementary, The arrangement of the 
puddling furnace and boiler is shown by Figs. 2 
to 6, and of the heating and reheating furnace 
and boilers by Figs. 7 to 10. The coal-fired 
furnace, as compared with the gas furnace, is at the 
present writing an old-fashioned apparatus ; but in 
the matter of utilising waste heat, boilers properly 
set are not far behind regenerators. The oxidation 
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of the metal heated in a coal-fired furnace is a more 
serious matter. The details of furnace and boiler 
setting as built by Mr, James Moore, of Phila- 
delphia (who also built the roll trains in this mill), 
are the result of a long development, and are of a 
highly perfected type. The framing is very simple, 
but substantial. acing boilers longitudinally over 
furnaces, high enough to allow a good circulation 
of air between, has many advantages over placing 
them on the und, either horizontally or ver- 
tically, especially as regards economy of space. 

There are three vertical engines having 40-in. cy- 
linders and 40-in. stroke, with flywheels 30 ft. in 
diameter, weighing 70,000 1b. each, which drive the 
23-in. roll trains, The rolling apparatus comprises 
a 23-in. puddle train, with two stands of three-high 
rolls, to which is attached a rotary squeezer; one 
23-in. three-high train, consisting of three stands 
of rolls, of which one is for breaking down old rails 
and puddled bars, one for rolling covers or head 
bars, and one for blooming rail piles. There is also 
a two-high train (with arrangement for three-high) 
consisting of one stand of 23-in, rolls for finishing 
rails, and also a 12-in. train of one stand of two. 
high rolls for breaking down rail ends, and for fish- 
plates, &c, 

The remaining appliances are a horizontal engine 
with 24-in, stroke and 30-in. cylinder, which 
drives the 12-in, trains; two blast fans, the rail- 
sawing apparatus and rail elevator, the straightening 
and punching machines, rail drill, steam shears for 
cutting old rails, and two steam hot shears, 

Adjacent to the rolling mill is a building, shown 
in the general plan, 60 ft. by 100 ft., which contains 





the nter, pattern, b ith, and machine 
shops. The engine in the machine shop is 10 in. by 
24in.; and is driven from the rolling mill boilers. 


This engine drives a roll turning lathe, two ordi- 
az lathes, drill, planer, and fan blower. 

he fuel used for heating is anthracite, and for 
puddling, anthracite or a mixture of bituminous 
coal and anthracite dust is employed. 

The product of the mill consists of rails and fish- 
plates, the annual capacity being 20,000 tons, and 
the average yield 17,000 tons. The rolling mill 
was designed for the re-rolling of rails according to a 
oeatene the value of which had been fully 

emonstrated by the superior quality of the rails 
made under it, and tested upon the company’s rail- 
road, which afforded unusual facilities for attaining 
intelligent and speedy results by reason of its im- 
mense traffic as one.of the most important of the 
great anthracite highways of Pennsylvania. The 
method of making rails at these works was described 
in a very interesting paper entitled ‘‘The Manu- 
facture and Endurance of Iron Rails,” by Mr. W. 
E. C, Coxe, 4 pur sagre of the rolling mill, and 
which was read before the American Institute of 
Mining Engineers in June, 1876. 

Referring to the two-page engraving, the pile 
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shown in Fig. 11 is composed of three pieces of old 
rails piled on two courses of puddled iron, and this 
pile is rolled into flat bars ] in. thick, and 3 in. and 
Et in, wide, which constitute the body of the rail pile, 

ig. 12. The headpiece is rolled usually on edge 
from a pile 9 in, square, Fig. 13, formed of flats 44 in. 
and 3 in. wide by 1 in, and which is rolled into a 
slab 9 in, wide by 2 in, thick ; this forms about 22 per 
cent. of the rail pile. The flats, which compose the 
pile, Fig. 13, are the result of rolling pile, Fig. 14, 
which is com of muck bars 4} in, and 3} in. by 
} in, thick, piled 8 in. wide and 6in. high. The 
rail pile is composed of about two-thirds of old rails, 


and one-third of puddled iron, and is 9 in. square in 
section. 
This pile is reduced in six passes in a three-high 


23 in. train to a bloom 7 in. wide on the base, 6 in. 
high and 4 in. wide on the top, Fig. 15, this shape 
being especially given to distinguish readily the head 

rt of the bloom from the flange where it is drawn 
Som the reheating furnace, although it would assume 
approximately this form in the ordinary course of 

uction. e bloom is then carried hot to a re- 
heating furnace and wash-heated, after which it is 
finished in six passes on a two-high 23 in. train, 
making a total of twelve passes from the pile 9 in. 
square to the rail - Bee in height. The mixing of 
puddled iron with the old rails counteracts the dry- 
ness or want of cinder inherent in the old rails, 
and insures more perfect welds. The bloom is kept 





in the reheating furnace about fifteen minutes and 
thoroughly heated, the welding being mainly, if not 
entirely, perfected in the first three passes; 
the finishing upon a two-high train expels the 
cinder very effectually by driving it always in one 
direction, and it is thought that a harder and denser 
surface is imparted to the rail by reason of the cool- 
ing, consequent upon finishing in a two-high train, 
which requires more time than if a three-high train 
were employed. 

The results obtained by following this method of 
making iron rails show t endurance, as may be 
seen by consulting the Table given herewith, which 
is taken from the annual report of the President 
of the Philadelphia and Reading Railroad Company, 
and which records the wear of the rails up to 1876. 





durable than those made from red-short irons, which 
weld less perfectly and are softer. The most 
enduring of the rails used in the experiments were 
removed from the track after six years’ service, 
during which they had carried 55,000,000 tons of 
traffic, Some rails with heads of solid hammered 
charcoal blooms, which it was thought would 
approximate to steel rails in endurance, owing to 


‘| the-absence of welds in the head, failed under a 


traffic of 28,000,000 tons, owing to want of sufficient 
work upon the head by rolling. Similar results to 
these attended the trials of rails with puddled steel 
heads, but some rails with heads of Bessemer and 
Siemens-Martin steel welded upon an iron base 
showed remarkable wear. Taking all these results 
into consideration, it becomes an important question 
to those operating roads with a moderate traffic, 
whether it is not more economical to re roll their 
old rails in the manner described, than buy steel 
rails 


In the exhibit of the Philadelphia and Reading 
Railroad Company at the Centennial Exhibition 
of 1876 were contained mapy interesting features 
of which the products of the rolling mill formed 
only a small part. The numerous incidental 
products shown, such as rail piles, blooms, and 
variously tested finished specimens, were very 
interesting however, the most convincing of 
these being two rails taken from the track after 
haying carried 56,300,000 tons of traffic, and even 





_ flat; and that h 






































phcenlat 1868. 1869. 1870. 1871. 1872. 1873. 1874. 1875. Total 
Tons.’ Tons. Tons. Tons. Tons. Tons. Tons. Tons. Tons. 
Product ... .| 8971 17,037 17,557 19,113 20,043 18,948 15,916 11,417 129,002 
Worn out, 1868 5 eco od a ; 5 
os 1869 175 24 bd ove Pe oes 1774 
as 1870 904 1645 14 iv os 1,070 
9 1871 | 1418 614 240 3 oath eee aoe 
% 1872 | 1067 oat 494 97 ane “4 2, 
” 1873 522. 11 825 45) 1 oat se ‘ 8,102 
os 1874 594 | 388 2 eve 2,2764 
99 1875 6474 5953 ~77 486 138 | 44 3,646 # 
Total worn out ...| 4533 4058 2953 1544 12974 582 140 | 44 | 15,1124 
Per cent. ve] BOs 235) 168; 6x5 | 3%5 to | 160 lls 








The rolling mill has been a decided advantage to 
its owners, as a means of utilising old rails and pro- 
ducing rails of great excellence and uniformity, 
although the very low price of steel rails within the 
past few years has rendered their use in larger pro- 
portion an economical measure. 

Iron rails made by this reheating method are 
somewhat more expensive than those made‘in the 
ordinary way, but this increased cost is recouped by 
the greater endurance of the rails. The blooming 
and reheating method is now being followed by a 
number of the leading manufacturers in the west, 
among which may be mentioned the Milwaukee Iron 


os 


fe) 


Company, the North Chicago Rolling Mill Company, 
and the Springfield Iron Company, all of which are 
following the practice substantially as pursued at 
Reading. 

Numerous experiments with rails made of dif- 
ferent kinds of metal and piled in different ways 
have been made by the Philadelphia and Reading 
Railway Company under the direction of Mr. Coxe, 
the details of which, although interesting and in- 
structive, we can only allude to with propriety in 
the present series of articles. The experiments 
show very conclusively that the best results are to 
be obtained from rail heads composed of iron rolled 
vertically, or on » a8 compared with those rolled 

of —" cold short irons, with 
fine grain weld better, and are more uniformly 

















then showing no signs of lamination, notwithstand- 
ing that one of them had been twisted with a view 
of discovering the weld. We may take occasion 
here to refer to thé vast deposits of iron ore in the 
region traversed by the line and its branches, Con- 
spicuous among these is the celebrated Cornwall ore 
banks situated on the Lebanon Branch. This 
deposit is one of several formations in the same 
region, geologically analogous, although of minor 
importance, and its locality is one of the oldest seats 
of iron manufacture in the United States. The 
formation consists of a regularly stratified mass of 
almost pure magnetic ore lying quite horizontal, and 
fully 500 ft. in depth, walled in by ridges 
of trap rock. The ore is comparatively soft, 
and contains a very small proportion of 
aan ntrars also copper and cobalt, not, 

owever, in amounts sufficient to prevent 
the ore being largely used in the manufac- 
ture of Bessemer steel. 

The most remarkable among the massive 
display of specimens of anthracite at the 
Centennial Exhibition was the vast column, 
44 ft. in height, in the centre of the United 
States Government Building, and which was 
an entire transverse section of the Plank 
Ridge Mine. The base of the column was 
surrounded by great masses of hematite and 
magnetic ores from New Jersey, from Lake 
2~,}|| Superior, and from Lake Champlain, inter- 

spersed with large pieces of the ores of zinc, 
nickel and copper, surmounting which were bales 
of cotton and tobacco, and sheaves of cereals and 
other products, the whole constituting one of the 
most imposing features of an exhibition where ex- 
ponents of material, wealth, and natural products 
were shown in rare variety and abundance. 








CALIFORNIAN ARTESIAN WELLS.—There are now about 
1000 artesian wells in California. Of these 300 are in the 
Santa Clara Valley, 50 miles from San Francisco. Most 
of them overflow the surface, and the tubes average 7 in. 
in diameter. The local resources of artesian water are 
now mapped out. Under the valley runs a broad river 
coming from the great lakes of the Sierras, 200 miles off. 
The pressure from a 6000 ft. elevation ‘suffices to throw 
the water above the surface. The depth of the bore runs 
from 150 ft. to 200 ft. Outside the boundaries of this subter- 
i no of boring has struck artesian water. 
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COMPOUND ENGINES FOR GAS WORKS. 
To THe Epiror oF ENGINEERING. 

S1r,—Referring to the elaborate trials at the South 
Metropolitan Gas Works, and published in your valuable 
j me allow me observe that there are several objections 
present to my mind against the use of the compound class of 
engine for works, and with your kind permission I will 
endeavour (as shortly as possible) to lay them in this letter 
before you. d } 

The great or greatest point urged in fayour‘of the com- 
pound condensing engine is = wy: in fuel. This would 
tell immensely in a factory where the whole power of an 
engine was used, or on board of ship, where space is so very 
limited, but in a gas works thisis not so. Fuel as arule is 
not so valuable, the refuse being commonly burnt under 
the boiler, and the engine seldom being required to perform 
a quarter of its working capability, consequently a large 
amount of the machine’s first cost is always idle, or only 
working to wear itself out, as is actually the case in the 
work described and illustrated by you, where the engine is 
at least twice as powerful as is actually needed, and the 
speed is got up from 70 revolutions on engine to 160 revo- 
lutions on shafting, and then brought down. again on ex- 
hauster to 60 revolutions per minute. Anyone who has 
had experience of quick-running heavy shafting, with wide 
and thick straps, will know the difficulty generally ensuing 
of keeping the bearings cool, the straps having to run 7 
slack, causing slip, unless very wide bearings are provided, 
all adding to first cost. 

The attendant must’be a man of experience, thoroughly 
understanding the complex machine entrusted to his care, 
and always attentive to his duties, a fired bearing or too 
much injection water probably causing a breakdown, 
entailing a loss of many pounds. These men are rare and 
require high wages. The first cost of the compound con- 
densing engine is at least three times that of a high-pressure 
engine required todo the same work. Assuming a 30 horse 
power ordinary high-pressure horizontal engine for driving 
two 150,000 exhausters (Beal’s), the engine costing, say, 4501. 
fixed, and looking at the question in a commercial point of 
view, the difference between the cost of working the two 
engines for one year would stand somewhat thus : 

Interest on 30 horse power high-pressure £ 53. 
nominal, indicating 60 horse power, 


4501. fixed, at 10 percent. ... ‘ 0 
Nepreciation, at 5 per cent. sie ee 22 10 
Fuel, breeze at 4s. ~ chaldron and, say, 

10} 1b. indicated horse power per hour 547 10 


Two attendants, one for day and one for 
night, at 30s. per week... aa ow» . 26-8 
Feed water at, say, 3d. 1000 gallons 35 0 


806 





Total for one year’s work ... , 0 
I have taken 60 indicated horse power as a comparison, 
the ordinary high-pressure engine (horizontal) would work 
the two 150,000 exhausters with less power than the com- 
pound condensing engine, as shown in your experiments. 
Taking the 30 horse power compound condensing engine 
indicating 60 horse power, assuming that it cost 15001. fixed 
complete : 


;' £ 
Interest on same at 10 per cent. 150 
Depreciation, at 5 per cent.... den Sas 75 
Fuel, breeze at 4s. per chaldron, and, say, 
4.4 lb. indicated horse power per hour ... 230 
Two attendants, one for day, and one for 
night, at 403. per week ... Re si 208 
Water for injection, at 3d. per 1000 gallons 295 
Two stokers, at 20s. per week os ove 104 
Total for one year’s work ... , 1062 


The item for water will vary according to circumstances, 
in some places costing much more and in others less. 

This leaves a difference of 256/., which will be seen at a 
glance by any person able to form an opinion upon the 
subject. It will be seen by this, presuming that the first 
cost to be true, that if the engine used no fuel at all it would 
still be dear, and not at all suited to the purpose to which 
it is here applied, viz., driving gas exhausters. 

I have allowed, as will be seen, 5 per cent. for deprecia- 
tion for both engines, which if not too much for the ordi- 
nary high-pressure engine, is not enough by far for the 
compound condensing engine. The water for injection 
must be taken into consideration. This has to be paid for 
directly or indirectly, and should be clean, else the pump 
would very quickly be cut and scored and rendered useless. 

But it may be urged that the stokers are not required 
as well as the attendants at the engine. In the ordinar 
high-pressure horizontal engine working combined wit 
exhauster, the same man can look after engine and boiler, 
as is frequently the case, but the compound condensing 
engine with shafting, &c., really requires the extra man on 
account of the large amount of capital entrusted to their 
care, and the tam se of parts wanting continual attention. 

However excellent the work that is put into the compound 
condensing engine the wear and tear must be very great 
from the large number of movable parts of a necessity in the 
machine, and repairs must form a very appreciable item in 
the working expenses of the engine-house. 

The friction of engine alone is 4 indicated horse power 
and 9.9 indicated horse power for engine and shafting ; this 
seems to me an enormous loss of power in friction some- 
where, being in fact one-third of the power that is actually 
required to do the work, and points to the conclusion that 
the engine should be combined directly with the exhauster, 
and not waste the power-driving high-speed shafting. 

Where the saving is to come from that is to compensate 
for this amount of capital lying dead for the purpose to 
which the aoe engine is applied here I am ata loss to 
conjecture, and if the cost of the duplicate engine is also 
= — — wea interest, oh make the 
matter worse for the compound con: ing engine. 

The saving of fuel, as before stated, might in some cases 





counterbalance the enormous extra outlay, butin a gas 
works the case Fad preg Say ty the a being a 
secondary consideration (which is plainly shown b ar 
tables of cost of breeze). . ae 

Simplicity of construction should be the first and greatest 
desideratum, so that any labourer could be taught in a few 
hours to look after the ~ oy Managers, as a rule, 
have quite enough to attend to without being burdened 
with a most complicated machine, liable at any moment to 
break down, Sveng® carelessness or other causes, causing 
great loss and trouble to themselves and company. 

Other reasons could be advanced showing the difficulties 
attending the use of these engines in a gu works, but I am 
afraid of making this letter too long for your space, and 
before concluding I wish to thank you for the masterly 
manner you have worked out the results of the experiments 
at the South Metropolitan Gas Works ; the Tables con- 
taining information not easily acquired, and put in a form 
that can be easily understood and applied to many different 
panes. Had the cost of the plant been given it would 

ave allowed an exact comparison between the two classes 
of engines. Isend my name and address not for publica- 
tion, but good faith. 
MANAGER. 


_ [We cannot agree with our correspondent’s figures; but 
inasmuch as some other gas engineers may desire to express 
their views on the subject, we defer our remarks for the 
present.—Eb. E.] 


CONTINUOUS GIRDERS. 
To THe Eprror or ENGINEERING. 

Srr,—If your correspondent ‘‘ Plane Geometry,” will 
take the trouble to read Mr. Fidler’s letter of January 4 
through, he may see that mine is entirely in accord with it. 
Mr. Fidler correctly states that H H, and L L, are inversely 
proportional to A B and BC ;*your correspondent’s equation 
(2) makes them directly proportional. It is easy to see 
where your correspondent is misled; it so happens that in 
Mr. Fidler’s diagram the spans A B and BC are equal, and 
that then, and then only, the point M falls upon the ordi- 
nate through B. Your correspondent’s letter may be 
taken as an example of a casein which even plane geometry 
may “‘slip and spoil the work.” He seems to imagine that 
Mr. Fidler’s letter and mine cover the same ground, the 
former geometrically the latter analytically. The fact is, 
Mr. Fidler gave a geometrical rule stating that the proof 
was long, a short analytical proof of that rule was all that 
I added. Tan, Sir, yours truly, 

J. HoPpKINSON. 

4, Westminster Chambers, Victoria-Steet, S.W. 

February 18, 1878. 











To THE EDITOR OF ENGINEERING. 

Si1r,—The simple geometrical solution of this question 
which I have ventured to propose has been made the occa- 
sion-for a considerable display of mathematical learning, 
and I am of course deeply indebted to your correspondents 
on the mathematical side who have so generously offered 
their support and have expended so much elaborate argu- 
ment in proving that Iamright. Mr. Hopkinson, starting 
from the broad premises of a general equation, was first 
good enough to verify my position for me, and now we have 
the operation performed backwards, so to speak, by your 
correspondent ‘‘A.O.B.,” who starts from my geome- 
trical theorem and after a prosperous though length 
voyage arrives safely at a well-known formula. But in trut 
I am inclined to think that ‘A. O. B.’s’’ method of proce- 
dure is the more reasonable of the two, and that the 
Q. E. D. which he places after the ‘‘ well-known formula”’ 
is not so misplaced as it seems at first sight. At any rate 
the geometrical method will stand best upon its own legs, 
and if ‘‘ A. O. B.”’ wishes to derive from it any support 
for the formula in question he is of course welcome to do so. 

Mr. Hopkinson has courteously replied to my request by 
producing a formula for-the moment at one point in a cer- 
tain girder, and I think your readers will duly appreciate 
the immense skill which must have been required for the 
construction of this formula, and also the great labour that 
would be required for its application to any practical case ; 
indeed, I think Mr. Hopkinson has now conclusively shown 
the difficulty of treating questions of this kind, for any 
practical purpose, by means of mathematical analysis. 

It is quite true that the ap peer solution is in part 
‘* a tentative process ;”’ such a process often fornis in prac- 
tical geometry the readiest means of getting at the required 
result. For example, suppose that in arrangi the 
gradients upon a given plotted section of prey: i 
the chainage of each change of gradient is fixed, and the 
gradients are to be ruled in so as to ee the heights of 
cutting and bank at two points on each side of the change 
of ient. This would generally be regarded as a very 
easy job, and one which does not require many words to 
explain how it is to bedone. Of course the draughtsman 
might set about it by solving a number of simultaneous 
equations, and in this way he would be able to calculate in 
the course of a week or two the reduced level of rails at 
the end of each gradient—this would be the “direct” 
mathematical method—but in practice no one would waste 
his time in this way when a pencil and straight edge would 
do the thing in two minutes. The process which would 
always be adopted in this case is a tentative process, and 


the case is precisely parallel to the problem of continuous | p 


irders and its pro geometrical solution. 
ont may be as "ed to mention that the objection raised by 
“A. O. B.” that the method does not enable one to take 
into account the partial loading of any one span,” is, in 
fact, a mistaken one. Of course the diagram cannot do 
everything at once, but it only requires to be slightly 
modified in order to deal with the particular case men- 
tioned. Yours truly, 

T. CLAXTON FIDLER. 
Richmond, February 18, 1878. 





scurities in the description, which in other res: 
cellent. The propeller is not constructed wit 
cam wheel or eccentric cam, as therein stated, 
aneccentric. Neither is it ‘‘ sim a feathering pad 
wheel turned horizontally i of Mg 
a peculiar, distinctive construction and of its 
own, with no precedent in the his 
feathering paddle-wheel, having 
ils peupeliag be ade coeebiets Stee te aeteameiion 
is propeller le to operate in p a featheri 
soddio-aheil, for the blades in that case would strike the 
water edgewise. 

The most important and in ing feature of this pro- 
peller is the ‘‘ manoeuvring” or handling capacity which 
it confers, namely, the ability to steer a vessel without a 
rudder, and in backing as well as in going ahead, to back 
and turn her on her centre without reversing the engine, to 
propel her sidewise, and execute a variety of complicated 
“" npen eaten.9 full hi we is steam. ity , 

e nature and scope o manceuvring capacity can 
understood by reference to a series of trials given below, of 
the steam yacht Bonito, exhibited by me at the late Phila- 
delphia Exposition. They will; how- 
ever, if prefaced by a brief reference to the vessel, and 
mechanical appliances with which she is provided. 

Her length was 50 ft. with a displacement of about seven 
tons. The engine was horizontal and non-condensing, 
with 9in. base of cylinder by 9 in. stroke, cutting off at 
6 in. and making from 200 to 300 revolutions. Her boiler 
was locomotive, 3 ft. in diameter of shell, and maintained, 
usually, a pressure of about 100 lb. Her propeller, a side 
elevation of which is given in Fig. 1, is 36 in, in diameter 









































= ———— FA 
J Fig. 1. 
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by 14 in. deep. It revolves on a vertical shaft with a scull- 


action, and its propelling force can be cast to any 
Y of thepenpenty orig Se ere 
it is not necessary to reverse engine in backing, or in 
turning the boat on her centre, or to make use of the 
rudder in moving sidewise or steering, i 


in 


tion of the propelling force or “ thrust’’ compensa’ for 
all of these. 
The first consideration that usually presents itself to 


those unfamiliar with this machinery is, that if a forward, 
backward, and side motion of the boat, as well as com- 
plicated evolutions are effected alone by a manipulation of 
the helm, it would require a great amount of experience 
one skill pes the eer of the s' ont attended 
with great uncertainty danger. ere the “‘ heading 
of the vessel’’ the only guide to the steersman, as in 
ordinary steering with a rudder, such would be the case. 
But such is not the fact. A special device placed before the 
steersman indicates the exact movement of the helm, for 
ane any required movement or manceuvre of the 
vessel. It is a “‘ thrust index,’’ consisting of a pointer 
which has a complete swing around the horizon, and is so 
connected with the propeller as to point out the direction 
in which its thrust or propelling force is exerted. It wi 

be understood by a reference to Fig. 2. For example, if 


Tig.2 


lg 





the helm be so turned that the index points to zero on the 
dial the boat will move ahead in a straight line. At 16 it 
will be backed in a direct line ; at 24 it will revolve on its 
centre in the direction of a right hand screw; at 8 it will 
revolve on its centre in the direction of a left-hand screw. 
With the index at intermediate points, the movement will 
be in curves, either forward and to starboard or , or 
backward and to starboard or port, depending whether the 
index is in the forward or after semicircle of the dial. A 
figured dial is not essential, a plain pointer serving a good 


‘aval Manewvres.—The fo diagrams illustrate 
some of the evolutions executed pA Bonito, and which 
have already been referred to. The: and other similar 


ones were performed under the direction of a 

naval officer from one of the European navies, for pur- 
i bility to perform naval manoeuvres 
operation of marine rams, torpedo boats, 
&. Those Fy ng the simpler ones, I having failed to 
obtain copies more complicated. 
@ more severe one it was required to execute them in the 
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In the following trial if was required to steam re idl 
. from buoy 1 to buoy 2, then reverse the propeller, and i 
to No.1. It was executed as ahionn: 
Time from No. 1 to No. 2 (ahead) 10 secs 
Number of index . 
Time from No. 2 to No. 3 (i.e., to check 
headway) .. «+» 18 secs. 
Time from No. 0. 3 to No. 2 2. “ (backing) ues = "a 
” 0 ” one ” 
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having been viousl 
— paper. Th poop atm he by. daa and 
Mines, the dash line i icating that the v is steaming 


ahead, and the dot line that she is 7 , the figures in- 
buoys, or positions of 


Number of index ae 16 
The number of the index refers to the position of the 
pointer on the dial 


In the above trial the throttle was well open, but in the 
succeeding trials, an even boiler ee of 100 lb. was 
maintained, and the engine throttled down to 236 revolu- 


tions 
In the following trial it was required to turn the boat on 
her centre by steam, the bow and stern describing circles 
as indicated by dot and dash lines. 
Time to complete a — turning 


to right ae Ss a ... 40 secs. 
Number of index ; ; . 2 
Time to complete a revolution, turning 

to left ba ove = an + 87 secs. 
Number of index 


In the third trial it was required to describe a reverse 
curve (Fig. 5) around two piles placed half the length 


Fe ys 
sf a 
; ’ 


Fig. SK, 
2/7 a.*% 


of the boat apart, first in going ahead, as shown by dash 
line (Fig. 5), and en in a as indicated by dot 
line. It was ex 
Time retired to doctie complete figure 
ahead 82 secs. 


Numbers of index ... od %, 0, 25, 0,7 
i i ing 75 
Numbers of index ... 


In the manceuvre indicated by the adjacent sketch, 
Fig. 6, the steersman was required, when the boat was 


4-<~.. pt.” 
Fig.6. \ | 


steaming over a straight course, as from A to B, and with- 
out previous warning, to suddenly head the boat around as 
indicated by position 2, and then resume his course. 


Time from m position 1 to position 2 11 sees. 
Lantnaas . — fe 
ee: posi ion ee secs. 
Numbers of index oe 24,2,0 
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The movement wee ahead from buay 1 to bacy'2; back, 
from 2 to 1; ahead from 1 to 3, and back tol 


Total time from start to finish ... 106 secs 
Numbers of index 0, 16, 20, 28, 0, 16 
In the fo manceuvre it was steam 
ahead from buoy 1 to buoy 2; then back to the 


intersection of a line drawn from 1 to 3; ead to 
4, and back to 3, &., as indicated by sketch, Fig. 8. 
It was executed as fo 
Total time from a start at buoy 1 to the 
finish at buo: 92 secs. 
Numbers of in oe 15, 16, 29, 0, 14, 16, 28, 0, 16 
Other manceuvres, involving the rapid shifting of buoys 
were executed at different times ; but these are too compli- 
cated to conveniently illustrate. 
I am, Sir, yours truly, 
F. G. Fow.er. 


AN ENGINE TRIAL. 
To THE EDITOR oF ne. 

S1z,—Yonr article on “ ” pages 4 and 21 
of this volume, induces me to the following remarks, which 
I think you will a anger yo give publicity : 

1. The so eebbakeyder of engine is as your corre- 

spondent Mr. Schénh re Sen , Very imper- 
fect, but not only because the ust steam is compelled 
to force its Bp through the water accuulating at the 
lower part of connexion pipe, but also because the length 
of same pipe from exhaust port of — to injection 








valve is much too great, more than 28 ft.. and because 
the steam has to overcome the resistance of four sharp bent 
Gylinder If & $96" Diam* 
30 Stroke . 
40 Rev™ 
vi HP. Final Pressure of small Cylinder 





Final Pressure of small Gl 


a 


N?°.2. Donkins 


of small 


Ate Lime 


knees on its way to the injection valve. Besides this, the 
lead of exhaust, as far as I can judge from slide diagram, 
p. 22, ought to be double as much for the stated piston speed 
also the exhaust ipe should be at least one-twelfth instead 
of one-fifteenth for such a length. Afterall I think you 
will agree with pote in denomina\ esominang the whole a 
of a exceeding’ e consequence being . 
= ing jut as cent. ~d the injection water, the engin 

as of it as would be sufficient fo for 
pin voy. condensa 


2. How one soon Y waa such an old-styled governor, 
working a throttle valve, in our days, 28 years after the 
introduction of Corliss’s invention, and 40’ years since J. J. 
began to construct automatic expansion 


cent. for an engine of 50in. stroke, and 330 ft. 
speed, T must call enermces, aa 2 or St ee 
have been sufficient if Corliss or single short slides had 
been applied. cent fae he 


a 
Bin 
BSE 


small and slide facing 





PL aay trial consists in eins nh te vent Se 
diagram, Fig. 7. ty 








qginies (94 per cent.), I presume this to include 
volum: o betwixt exhaust ust port of 





lazge cylinder. i cn, tho pooper daamtnss af igs gti 


MN? 3 Compound. Cyl 1. 2-5 Drop 15% 


Ol. 28 Drop 22% Total Exnpow £38 
Piston speed 194.’ 
With Steam Jackets 


Tato ae 3 but even for this the cut- 
off of large cylind on ba ich you whould be O57. The nga 

quite out of — ion, as it should be 0.57. e = oom 
bined diagrams 17, page 23, are a g. 1, 
drawn according to the true ratio of ders RTE ae 
of 5 assume). This diagram shows a geometrical 
loss of no less than'21 per cent. of the theoretical line 
drawn from final pressure of small cylinder, and a drop 
of fully 50 per cent.! whilst similar but well-designed 
engines of this class, for ae. those of Messrs. Donkin 
(see vol. xxi., page 206) show not more than about 4 per 

cent. of loss, as seen by the annexed diagram No 2. Judging 


Société 
Alsacienne. Donkin. 
Piston speed . & .. 880ft. 194 ft. 
Steam pressure. ma ..  T3lb. 41 Ib, 
Developed horse power i 2 9.4 
Steam per horse power per 
hour .. is.’ a 24 1b. 


from these diagrams and the above comparison, the Donkin 
engine, working under the same favourable circumstances 
as that of the Société Alsacienne, would not have re- 
quired more than 16 Ib. of steam per bourly horse power. 
Finally, I add diagram No. 3 representing} the action of 
aslightly proportioned Corliss ss engine for the 
sake of comparison, and to show the advantages of the 
system over that of the common Woolf engine. This en- 
~~ is supposed to — a low-pressure cylinder of the same 
ensions as that of o. 1, same boiler pressure, 
and working with same — speed, so that a fair com- 
parison can be made. The indicator cards comparing the 





Pt: 5 14 Drop 50% Total Expansion 5g Piston speed 330.’ 














diagram are drawn acco’ 

of my own design, and are 
you gave in vol. xxi., pages 187 and 414. Now this a 
pound engine would pm vy with a total expansion of 7, 
and woul indicate 27 per cent. more horse power than the 
Woolf engine, diagram No.1, reducing the requirement 


of steam per horse power to at least 21 x a = = 16.5 lb; 
but 12 Ib. to 13 Ib. are in fact frequently attained with these 
engines. 


Yours obediently, 
Orro H. “‘urten. 


to my e: ience with en; ~ 
very similar to those li 


Pest, February 7, 1878. 








TRon IN Paris.—In the first eleven months of last year, 
31,000 tons more iron were introduced into Paris than in 
the ¢ period of 1876. The receipts of pig and 

in Paris, also increased in the first eleven months 

of last year to the extent of 7000 tons. The works on hand 

in connexion with the Universal Exhibition of 1878, were, 

<3 course, the principal cause of the increase observable in 
year’s 
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RICHARDS’ 


DIMENSION 


SAWING MACHINE, 





WE give above two views of a machine designed by 
Messrs. John Richards and Co., engineers, Manchester, 
and called a dimension sawing machine, the name having 
reference to the kind of operations performed, which, as 
we will presently point out, differ materially from the 
working of a common saw bench. 

The machine shown is a modification of what the 
makers call a “model-maker’s dimension cutting 
machine,” being larger and stronger with a greater range 
of adjustment and capacity for general purposes, espe- 
cially railway wagon work. In appearance it is no 
more than a saw bench with two saws, their spindles re- 
volving around an axis, so that either saw can be 
brought into use, but there is more than this in the 
operation, to which we will call attention by some general 
remarks on wood sawing and cutting. 

The machine above, or rather a less perfect modification 
of it, was introduced in America about a dozen years ago, 
and known asthe “ Wardwell saw bench.” The object 
of the machine was not only to divide wood, that is, rip 
or cross-cut pieces, but at the same time and with one 
operation, prepare such pieces for use without planing or 
any after treatment, except polishing with glass paper. 

The scheme was not wholly successful except in the 
hands of skilled engineers, like Mr. B. D. Whitney, of 
Winchendon, U.S.A., who was among the first makers. 
The machines required to be absolutely true, that is, the 
two saw spindles, the axis on which they revolve, and 
the top of the table had to be perfectly parallel, other- 
wise true cutting could not be done. 

This parallelism of four lines had not only to be 
secured by the most careful fitting, but had to be main- 
tained, that is, the bearings or journals had to remain 
without wearing, otherwise the alignment would be lost. 

In these remarks it must be remembered we are not 
speaking about sawing alone but cutting specific di- 
mensions, preparing pieces, square, bevel, or angular, 
as true as they could be planed out, and smooth 
enough to not require planing. 

The running table seen on the front and used for 
cutting angular pieces, mitring, cross-cutting, and so on, 
had to move precisely at a right angle to the saw spindles, 
and this involved what we will call a fifth alignment 
with the saw spindles. 

The saws employed are different from those ordinarily 
used; they are cutting and planing implements as well 
as saws, and require to work without “‘set,” the teeth 
not bent right and left to cut a path wider than the saw- 
plate, but are left straight, the saw-plates being made 
very true, and a little thinner at the centre than the 
periphery. But few saw-makers would care to under- 
take saws to operate on this plan, but it is practical, as has 
been very fully proved by a number of these machines 
now operating in this country. 

One of the saws is arranged for cutting transversely, 
and the other longitudinally, or “cross-cutting” and 
“ ripping” as it is generally called, either being brought 
up through the table by turning the handwheel at the 
side. The table is provided with gauges for cutting at 
various angles, bevel or square. The cutting of 
notches, grooves, rebates, &c., is done rapidly, and, as 
before explained, in so perfect a manner that no planing 
is required in most cases. A smaller machine of the 
same class, but,in some respects a refinement on the one 

shown, will be illustrated in a future number of En- 
GINEERING. 








THE GERMAN IRON TRADE.—The German Association of 
Tron and Steel Manufacturers has held a meeting at 
Leipsic. It was numerously attended by members from 
all parts of the German empire. German commercial 
policy was discussed, and the association resolved that the 
expectations in favour of free trade based on the proposed 
new treaty with Austria having proved delusive, it is neces- 
sary for ermany, in consideration of her suffering iron 


EXPANSION VALVE. 
To THE EDITOR OF ENGINEERING. 

S1r,—I think the inclosed arrangement of a “ Trick’s 
valve” in combination with a gridiron expansion valve may 
be of interest to some of the readers of your valuable 
journal. I think the arrangement is novel, at all events it 
is original as far as Iam concerned, and it is calculated 
to give a very sharp “‘ cut-off.” 
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The drawing requires no explanation, as the action may 
be better seen by a strip of paper with the slide marked on 
it. This arrangement must of course be used with the 
*‘anison gear,”’ (described in vol. xxi. of ENGINEERING, 
page 516), that is to say, the expansion gridiron should have 
no relative travel to the main valve when outofuse. I ma 
remind you that this gear has an expansion link, of whic 
one end partakes of the motion of the main slide valve. 

, I remain, Sir, yours respectfully, 
F. W. Croxun. 
13, Burney-street, Greenwich, January 31, 1878. 





THE ABUSE OF THE STEAM JACKET. 
To THE EpiToR oF ENGINEERING. 

S1r,—I am thinking that ‘‘W. M. F. BR.” may fairly 
qengniasete himself in having contributed what are un- 
doubtedly some sound practical remarks on the above 
subject. And I think ‘‘ Albert Victor,’’ in his letter of 
January 11th, has volunteered a misstatement in using the 
words “‘taken so little notice of at the time,’’ for it is 
evident the matter was taken notice of, or the “leading 
Ste SAB et ay Bs, ek ey 
vember 9, , and January 25, ¥ ively — 
not have thought wise to depart from their standard 
patterns of construction in order to embody the “vital 
points’ put forth by “‘W.M.F.R.’”’ But I venture to 
give, as a more likely reason for their being “‘ taken so little 
notice of at the time’’—I may add discussed. through the 
medium of your columns—is not so much owing to the 
publication of the letters piecemeal, but as the remarks 
therein contained (with reference to the steam jacket) 
offered little scope for question or controversy. 

If we are to admit the ‘‘ questionable statements,” Mr. 
Editor, I think they lie more particularly in “‘W. M. F. R.’s’’ 
first letter, wherein he advocates the disuse of the “‘ stay 
connexion between the cylinder and plummer-blocks, or 
crankshaft brackets’ of portable engines, for I hardly 
think it possible to abolish their use with advantage, under 
existing circumstances, although I admit there are objec- 
tions to its employment. The question solves itself into 
the problem of whether its advantages are greater than 
its disadvantages? Iconsider that much depends upon 
the manner in which the stay is . Connected with a 
heavy cast-iron bracket it is well known to constitute a TOO 
RIGID connexion, which when the engine is working puts 
a strain on the several parts conn as great, if not 
greater, than that arising from the working of the engine 
without the stay ; but the advantage of the engine itself 
not being altered or interfered with by the expansion of 
the boiler, is undoubtedly the ground for its general adop- 
tion. 

“W. M.F.BR” « to think that because the 
wrought-iron bracket has not been generally ‘followed 
up” by most other makers, that it is not considered an 
improvement. It unquestionably 1s an improvement on 
the cast-iron bracket where the stay is used, but it so 





industries, to re-impose duties on iron, iron goods, and ma- 
chines at the earliest possible date. edits 





happens that the most perfect and efficient—which in my 
opinion is represented by Figs. 3 and 4 on page 465 of your 


twenty-second volume, and which I shall be glad if you 
oe fs . 


will kindly the su of a patent ; 
hence the reason for its being one firm. Now 
I consider that if this form of bracket were used, with the 


cylinder fixed in the centre line of the boiler, 
a brackets and connected on the centre of 
the cylinder or thereabouts—instead of one on the cylinder 
and the other on the firebox casing or boiler—it would be 
nearer the mark of perfection. 
There is ample room, however, for opinion on the subject 
of the stay, and I, as well as many more of your readers, 
would like to see the matter sifted. 
I cordially endorse ‘‘ W.M.F.R.’s” proposition that 

ou publish in ‘‘ a clear and complete manner’’ — may I add, 

‘ after the style as some of the locomotives’”’ which appear 
frequently in the of your truly valuable journal— 
illustrations of a modern portable ine, as they would 
prove of infinite value, as well as in’ to many, and 
none the less will be any further remarks on ‘‘ Portable 
Engine Design,’’ written in a manner as lucid and devoid 
of ‘‘ questionable statements” as ‘“‘ W. M. F. R.’s’’ letters 
on the “‘ Abuse of the Steam Jacket.” 

Baa | you, Mr. Editor, if you will kindly insert 
this, 

Iam, Sir, yours truly, 
W. H. AstBury. 
January 30, 1878. 





To THE EDITOR oF ENGINEERING. : 

S1r,—My object in ing this letter and reopening 
the question of the steam jacket is to put on record certain 
facts in gaye = Ani y ject, en ee —— 
with those set fo: y your coi A 
““W .M. F.R.”* From thisI do not wish to infer that the 
statements referred to, which appeared in your 
three months ago, were not made in true faith, on con- 
trary he has given in the two cylinders illustrated there 
from recent practice faithful representations ef what is 
being done by a few firms. They must not be taken, how- 
ever, to represent the practice of the trade in general. 

Fig. 1 is reproduced from the letter named, and 
the principal leetares of yok per as there set forth are : 

1st. The jacket being e entirely separate from the 


body casting. 
Oud. The exhaust does not come in contact with the 


cylinder barrel. ; 
8rd. The jacket is always = to and supplied with steam 
i from the boiler, and the condensed steam will run 
back into boiler through main steam inlet as quickly as it 
is formed. » 

Let us now see how far this cylinder of recent practice, 
which we are told has been most carefully arranged holds 
good to the description, and the merit which is claimed 
for it. 
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Fie. 2. 
1st and 2nd. The jacket compl 
barrel, but your cools were not what ag r 
a3 out of the total length of cy . Iwill 
supply the information myself, by as those who ma: 
feel interested to turn to ENGINEERING, L ber 1, 1876, 


ions of same 
anne 1 lan 


encircles the i 


plan section we find that on the port side an 

ective length of 10} in., and the greatest length of 
obtained is not more than 15 in. in a cylinder 174 in. ; 
Sor thd anaue Glamater aad tineth of eptiahar scpuiaei on 








* See ENGINEERING, vol. xxiv-, p. 369. 
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Fig. 2, the effective length would be 16} in. This shows 
that a longer jacket may be obtained with the cylinder cast 
entire, than if fitted with separate bush. The entire cy- 
linder has also the advantage of less expense in construc- 
tion, no risk of leakage at the ends, and generally speaking, 
an equal distribution of metal all over the casting, and 
consequent equal expansion and contraction of all parts. 
This is a point which, at the present time, is not receiving 
all the attention which the importance of the subject 
demands. There is very good reason for making cylinders 
above 12 in. diameter with separate bush ; but those under 
that size, especially ordinary portables, except the casting 
ny complicated, have no real advantage in being 
e 80. 
8rd and 4th. Your correspondent has throughout the 
whole of his remarks put great stress upon the importance 
of having the jacket thoroughly drained. I am therefore 
very mach surprised that he should be in error on this 
point; in the cylinder under notice, Fig. 1, it is very easy 
to suppose that the jacket will drain itself into the boiler 
direct so long as it is not opposed by the inrushing steam, 
but the engine being in motion the condensed steam after 
gravitating towards the inlet would be taken up by the 
force of the current of steam, and passed into cylinder ; 
and to quote his own words, the jacket might be said to 
drain into the cylinder ; the result to be obtained from the 
use of this jacket is apparent. 

As regards the construction of cylinder, Fig. 1, apart 
from the jacket, I will remark from actual experience that 
the joint between stop-valve chamber and steam chest is 
deficient not only in s , but in relation to its position 
to the studs on cover. No provision appears to be made, 
judging from the large scale illustrations, for collecting the 
steam in a dry state previous to its passage to the cylinder 
and no efficient means of making a g surface joint at 
the same place, and further it is impossible to drain the 
cylinder of condensed water when the passages to drain 
cocks are placed from one to two inches above the lowest 
point. Fig. 2 represents a sectional sketch of a four horse 
power traction engine cylinder, cast entire and steam 
jacketted ; steam supply is taken through collecting disc as 
shown into a short screwed pipe up a passage at one end of 
valve chest, and from thence to steam collecting space 
above, the stop-valve being placed at the highest possible 
elevation. 

‘The steam feed to jacket and condensed steam outlet are 
quite distinct and some distance away from main steam 
inlet, consequently the jacket is always full of dry steam, 
and the working of the cylinder or engine in no way in- 
terferes with the proper action of the jacket. The exhaust 
after leaving the port does not touch the wall of cylinder, 
but passes out direct. Ido not claim that this cylinder is 
perfect, nor that in it are embodied as many of the neces- 
sary requirements as it is possible to apply to cylinders of 
these classes of engines, my opinion is that several impor- 
tant improvements could be made, but as it stands it re- 
presents the best standard practice of the day. I agree 
with your correspondent in several instances, but in others 
there is considerable difference of opinion ; it is impossible 
to do justice to the — in one letter, but if sufficiently 
ra ig to your readers I will enlarge upon it ata future 
date. 

I will say in conclusion that “‘ W. M. F. R.’’ deserves the 
best thanks of agricultural engineers in bringing the matter 
forward in such a very able and satisfactory manner. 

: I am, Sir, yours truly, 
ALBERT VICTOR. 








FOREIGN AND COLONIAL NOTES. 

Expanding Tyres.—Mr. Schubert, of the Moscow and 
Nijni Railway, Kouroff, gives it as his experience that the 
Russian method of expanding tyres by hot water is supe- 
rior to heating them in a furnace. As applied on the Moscow 
and Nijni Railway, an iron tank one-fourth filled with 
water is fixed near a stationary boiler, a steam pipe from 
which is led through it, capable of heating the water to 
212 deg. Fahr. Into this the tyre is plunged by means of 
a portable crane, and after an immersion of from 10 to 15 
minutes is taken out and immediately placed on the wheel. 
Three men only are employed, who will fix from 12 to 14 
tyres in a day of 1] hours. The allowance for shrinking 
is 0.75 millimetre to a metre. This is ascertained by 
gauge, and, if deviated from, the tyre will be either 
loose after cooling, or too small to get on the wheel. 
The Moscow and Nijni Railway made a comparison be- 
tween the two methods. It appears that during a six 
years’ trial of fire-shrunk tyres, 37 per cent. ran loose, 
and 5 per cent. were broken, while during a three years’ 
trial of water-shrunk tyres less than 1 cent. ran loose, 
and only a single tyre was broken. The liability to breakage 
in the former (produced by irregularity in form) is much 
insisted upon as being more dangerous and costly than the 
mere loosening of the tyre. It is evident however that on 
the Moscow and Nijni Railway, the method of heating the 
tyres in a furnace is not properly understood. 


Elevated Railroads.—The New York Elevated Railroad 
Company has closed a contract with the Passaic Rolling 
Mills for furnishing the iron and putting up four miles of 
the line. The road requires tons of iron to the mile, 
and the contract is for over 3000 tons. The work is to 
be completed in three months. The works, to fulfil the 
agreement, will have to be run night and day, and 200 
men will be added to the force employed at them. The 
rails will be laid from Front and Whitehall-streets, 
through Front-street to Pearl-street, to Franklin-square, 
to New Bowery, and to Division-street. There will also be 
a single track from Fifty-ninth-street down on the west 
sie, 


Victorian Railways.—The Victorian Government havin 


g | safe sea-going vessel ; and whether, when the amount of 


being not objected to was passed by both Houses without 
demur. The Gipps Land Railway Completion Bill, pro- 
viding for the line between Oakleigh and Melbourne, dif- 
fered from the previous proposal of the Government, in so 
far that power was not taken to take the site of the old 
suburban station from the Hobson’s Bay Company, but left 
it open to arrange a friendly purchase. The second read- 
ing was taken in the Saami on November 13th. An 
<—— —_ in oven te mp outer circle a was = 
posed, was i a@ maj votes. e 
council ‘anocted thelr previous amendment striking out 
tha line from Oakleigh to Flinders-street, and substituting 
a line from Oakleighto Hawthorn; vid Camberwell. No 
mention, however, was made on this occasion of running 


were left to propose their own method of getting the traffic 
from Hawthorn to Seay anes The Goulburn Valley 
Railway was passed by the Assembly, an amendment to 
substitute the western route for the eastern being negatived 
by 30 votes. The Legislative Council again altered the 
route back to the western side. These Bills were returned 
to the Assembly, and yet remain to be finally dealt with. 


American Coal.—The Philadelphia and Reading Coal 
and Iron Company,working in its Bast Colliery, near Ash- 
land, has struck the “‘ Mammoth’’ vein which proves to be 
21ft. thick at this point and is composed of coal of excellent 
quality. 

Metallic Freight Cars.—There are now in use on the 
Chicago, Burli m, and Quincy Railroad some twenty 
box cars of the La Mothe pattern. Ata distance they bear 
much resemblance to the ordinary wooden American rail- 
road car; but on approaching nearer the difference is at 
once discernible. The same trucks are used as on other 
cars, the manufacturers furnishing at present the car bodies 
alone, or mounted on such trucks as a railway company 
may desire. The bodies are made of boiler tubing and steel 
rods. The sills are of 23-in. tubing ; the top framing of soft 
steel rods, united without joints or bolts, and form- 
ing a combination of strength and lightness. The box cars 
are covered with sheet iron, united by lap and groove (no 
rivets), and lined inside with a light felting of paper. 
The interior is lined with very thin light wood ; the purpose 
of the paper and wood lining is to preserve an even tempera- 
ture with the car, and it is caabned that these cars are thus 
rendered cooler in summer and warmer in winter than the 
ordinary box car. Externally the metallic box is neat in 
appearance—much more so than the wooden car. It is 
susceptible of any amount of ornamentation, and passenger 
cars built in this way can be made very handsome. The 
weight of the bodies of these cars is from 8200 lb. to 8800 Ib. 
With the truck they weigh from 17,000 to 18,000 lb.— 
nearer the former figure than the latter. The average 
weight of the wooden cars of the Chicago, Burlington, and 
Quincy Railroad is 20,050 lb. It should be noted that the 
newer cars, such as are now built entirely of wood, average 
over 21,000 lb. As between them and the La Mothe cars 
there is therefore a difference of nearly 4000 Ib. in favour 
of the latter. In addition to the saving in dead weight, 
the metallic cars have a greater carrying capacity. The 
ordinary car-load is ten tons ; the La Mothe cars will carry 
15 tons easily and without danger. 


Boston and Albany Railroad.—The road-bed and roll 
ing stock of this undertaking are stated to be in excellent 
condition. About 3000 tons of steel rails have been sub- 
stituted for iron rails within the past year ; and, excepting 
a distance of less than ten miles, the company has now a 
steel-laid roadway from Boston to Albany. 








THE “ INFLEXIBLE.” 
Tue following is the report of the Committee on the In- 
flexible : 
INSTRUCTIONS FOR THE COMMITTEE. 


Letter from the Secretary to the Admiralty to Admiral 
Srr James Hope, G.C.B. 


Admiralty, July 16, 1877. 
Sir, -I am commanded by my Lords Commissioners of 
the Admiralty to acquaint you that they have appointed 
you President of a Committee to examine as to the stability 
of the Inflexible, composed of the following gentlemen, 
viz.: Dr. J. Woolley, Mr. G. W. Rendel, C.E., Mr. W 
Froude, F.R.S. 
2. The letters of Mr. E. J. Reed, M.P., to the Director 
of Naval Construction of the 11th April and 16th May, 
1877, and his letters of the 18th May, to the Controller of 
the Navy, and of the 9th June, to the Secretary to the 
Admiralty, are referred to the Committee (see printed 
Parliamentary Paper herewith), and the Committee will 
also be furnished with all the drawings and official papers 
in connexion with the design of the ship. 
3. My Lords are desirous that the Committee should 
report their opiaien on the sows: points : 

(1.) As to the possibility or probability of the occurrence 
of the contingencies contemplated by Mr. Reed, as being 
likely to happen very early in an engagement, viz., the 
complete penetration and water-logging of the unprotected 
ends of the ship, and the blowing out of the whole of the 
stores and cork by the action of shell fire. 

(2.) As to whether there would be aay risk of the ship 
capsizing if she were placed under the conditions mentioned 
in the gpa paragraph, supposing that the water ballast, 
for which provision has m made, were admitted into 
the double bottom of the armoured citadel; or whether 
she would sustain a sufficient amount of stability to enable 
such temporary repairs to.be executed as would enable her 
to reach a port. 

(3.) Whether, all points considered, the ship is, so far 
as can be as ed from the design and calculations, a 





abandoned a recent Railway Constraction Bill, divided the 
measure into three. The one including the seven lines 


|im action is borne in mind, sufficient provision has been 


damage to which her unprotected ends would be exposed 


powers over the Hobson’s Bay line, but the Government | fire 


made to insure in all human probability her safety under 
such conditions. 
4. The members of the Committee have been requested 
to place themselves in communication with you. 
I am, Sir, your obedient servant, 
Rospert Hat. 


Summary of Report. 

Question 1.—*‘ As to the possibility or meee manne of the 
occurrence of the contingencies conte by Mr. Reed 
as being likely to happen very early in an ¢ ment, 
namely, the complete penetration and water-logging of 
the unprotected ends of the ship, and the blowing out of 
the whole of the stores and the cork by the action of shell 


We are of opinion that ‘the complete penetration and 
water-logging of the unprotected ends of the ship,’’ coupled 
with ‘‘ the blowing out of the whole of the stores and the 
cork by the action of shell fire, is not likely to happen 
very early in an e ent ;’’ further, that it is in a ver: 
high degree improbable, even in an engagement vetemated 
to any extent which can be reasonably anticipa’ Nor do 
we think it possible, except in the event of her being 
attacked by enemies of such preponderating force as to 
render her entering into any engagement in the highest 
degree imprudent. 

Question 2: Clause 1.—‘‘ As to whether there would be 
any risk of the ship capsizing if she were placed under the 
conditions mentioned in the previous paragraph, supposing 
that the water ballast were admitted into the double bottom 
of the armoured citadel.’’ 

We find that under the extreme conditions assumed the 
ship, even without water ballast, would yet have stability, 
and would therefore float upright in still water, and we are 
of opinion that the stability that she would have in that 
condition, though small, is, in consequence of the remark- 
able effects of free internal water in extinguishing rolling, 
sufficient to enable her to encounter with safety waves of 
considerable magnitude. The ship under these circum- 
stances, however, would require to be handled with great 
caution. ; 

The admission of water as ballast increases the amount 
of stability, and is thus of advantage as against steady in- 
clining forces, but on account of the deeper immersion it 
involves it does not materially increase the range of the 
stability. When the immersion is such as largely to increase 
the depth of the water on the middle deck, it appears that 
the extinguishing effect of such water becomes less 
vigorous, so that in a sea-way the ship would, in the 
extreme condition, be safer with a moderate than with a 
very large amount of water admitted as ballast. 

It must be clearly understood, however, that we should 
consider the ship in a very critical state if reduced to this 
condition in the presence of a still powerful enemy. Her 
speed and power of turning would be so limited as to pre- 
vent her being manceuvred with sufficient rapidity to 
insure her against being effectively rammed, or so as 
to avoid a well-directed torpedo, while the small residuum 
of stability she would possess would not avail to render 
such an attack other than fatal. Her guns would also 
have to be worked with great caution, and under restric- 
tions imposed by the high angle to which their combined 
movements would in broadside firing heel the ship. We 
have already expressed our opinion that it is in a very high 
degree improbable that the a would be reduced to this 
condition, even in a protracted engagement. 

Clause 2.—‘‘ Whether she would retain a sufficient 
amount of stability to enable such temporary repairs to be 
executed as would enable her to reach a port.”’ 

We think that the destruction, implied by the extreme 
condition assumed, would be such that nothing effective 
could be done in the way of repairs at sea under any circum- 
stances. 

Question 3: Clause 1.—‘‘ Whether, all points considered 
in so far as can be ascertained from the designs and calcu- 
lutions, the Inflexible is a safe sea-going vessel.” 

We are of opinion that in the intact condition the In- 
flexible is a safe sea-going vessel. The consideration of her 
safety when not in an intact condition properly falls under 
the investigation involved by the clause which follows. 

Clause 2.—‘‘ And whether, when the amount of damage 
to which the unprotected ends would be exposed in action, 
is borne in mind, sufficient provision has been made to 
insure, in all human probability, her safety under such 
conditions.’’ ; : 

We have first to consider what is “‘ the amount of damage 

to which the unprotected ends would be exposed in 
action.” Wedo not hesitate to say that the complete 
destruction implied by riddling and gutting is so extreme 
an assumption that it may be regarded as a very highly im- 
probable event even in a protracted engagement, yet recog- 
nising the extravagance of one assumption does little to- 
wards enabling us to fix a reasonable one, and there is no 
sufficient basis either of actual experience or of experiment 
on which to decide what amount of damage to the ends is 
probable. Nor can we take refuge in adopting and providing 
for the extreme case as covering all others, because provision 
cannot be made for the safety of the ship in one way with- 
out prejudice to it in another, and to give undue prominence 
to any one provision for its security becomes a serious error 
where only a just balance can give the best general result. 
For example, any extension in the citadel in favour of the 
unprotected ends would necessitate a corresponding reduc- 
tion of thickness of the armour on the citadel. 
To the best of our judgment the condition represented 
under the letters e or f in the Parliamentary Papers is that 
which might be fairly assumed to represent the greatest 
amount of damage the ship would be likely to suffer in any 
action. This condition represents the unprotected ends 
completely riddled and water-logged, but the materials and 
cork remaining and adding buoyancy. Under e the whole 
of the coal is assumed in place, under fit is assumed to | 





removed. In adopting it we include any state of 
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removal of material and partial riddling which may be re- 
garded as its equivalent. 

We find that the ship, if reduced to this.condition, would 
possess both buoyancy and stability enough to enable her 
to face all contingencies of weather, and to exercise all her 
powers, subject, however, to the limitations of speed which 
may be imposed by the character and position of the wounds 
in the ends, and which might be very serious in the condition 
f, as explained hereafter. The united movement of all her 

s from the loading to the firing position would not heel 
nae than 2} deg., and the heel due to her circling at 
the highest speed attainable would not be an element of 
danger. The actual range of her stability would be not 
less than 35,* which is considerably below the standard 
provisionally laid down by the Committee on Designs, and 
referred to in the Parliamentary Papers submitted to us. 
That standard, however, requires revision by the light of 
more recent investigations of the theory of rolling. It 
would be at any rate inapplicable to the present case, be- 
cause the very water-logging of the ends, which so reduces 
the range of stability, has a most remarkable effect in pre- 
venting rolling, as we explain more fully hereafter. 

Should the y_ tren to the ends go beyond what we con- 
template, the ship would still be in no immediate danger of 
being placed hors de combat. The transition from the con- 
dition e, in which she may be said to begin to have her 
efficiency impaired, to that extreme in which she must be 
regarded as in a critical state in the presence of an enemy, 
is necessarily a gradual one, because it follows only the 
progress of destruction of the ends, and can only be 
completed with that destruction. 

It cannot be said that the armoured citadel is invulner- 
able, or that the unarmoured ends are indestructible. 
although the character of the risks they run is different. 
But in our opinion the unprotected ends are as well able 
as the armoured citadel to bear the part assigned to them 
in encountering the various risks of naval warfare, and 
therefore we consider that a just balance has been main- 
tained in the design, so that out of a given set of conditions 
a good result has been obtained.+ 


Report. 
Committee Rooms, Westminster Palace Hotel, 
December 4, 1877. 

Sir,—You will be pleased to acquaint the Lords Com- 
missioners of the Admiralty that, in pursuance of the in- 
structions contained in your letter of the 16th July last, 
we, whose names are hereunto subscribed, having duly 
considered the papers forwarded therewith, such other 
official papers and drawings as we found requisite, and a 
memoir and other papers supplied to us by Mr. Reed, 
together with the calculations and diagrams resulting from 
the various experiments made for the purposes of our inquiry 
have arrived at the following conclusions in regard to 
the several questions submitted for our consideration : 

Question 1.—‘‘ As to the possibility or probability of the 
occurrence of the contingencies contemplated by Mr. Reed 
as being likely to happen very early in an engagement, 
namely, the complete penetration and water-logging of the 
unprotected ends of ,the ship, and the blowing out of the 
whole of the stores and the cork by the action of shell fire.’’ 

We are of opinion that ‘‘ the complete penetration and 
water-logging of the unprotected ends of the ship,”’ 
coupled with ‘‘ the blowing out of the whole of the stores 
and the cork by the action of shell fire,t is not likely to 
happen very early in an engagement ;’”’ further, that it is 
in a very high degree improbable, even in an engagement pro- 
tracted to any extent which can be reasonably anticipated. 
Nor do we think it possible, except in the event of her 
being attacked by enemies of such preponderating force as 
to render her entering into any engagement in the highest 
— imprudent. 

n the absence of precise experiments it is impossible 
to say what number of shot and shell would be required to 
produce the condition contemplated, which is equivalent to 
the annihilation of the unprotected ends of the ship. It is, 
however, apparent that it could only be effected by a very 
large number of blows uniformly distributed. 

The probability of hitting in a naval engagement must 
not be estimated by the precision of modern rifled guns. 
There are several sources of error so large that in com- 
parison with them the error of the gun is insignificant. 

The speed and rapid manceuvres of powerful steam 
vessels go far to neutralise the increased chance of hitting 
derived from the increased range and accuracy of modern 
guns, while the greatly reduced number of guns carried on 
board-diminishes directly the number of chances of suc- 
cessful hits. 

Amongst the chief sources of error in an action at sea 
are : 

The motion of the attacking vessel. 

The motion of the attacked vessel. 

The smoke of both vessels. 

The rolling and pitching of the vessel forming the gun- 
platform. 

_The imperfect knowledge of the distance of the object 
aimed at. 

The action of the wind in deflecting the shot. 

As eg oy the error from imperfect knowledge of dis- 
tance, the means of ascertaining which at sea are at 
present very rude, it is to be remembered that the high 
speed at which modern ships of war engage causes them to 
change their distance with great rapidity. For instance, 
two vessels approaching to or receding from each other 





* See memorandum at foot of page 11 of Inflexible 
Parliamentary Papers of 1877. 
We assume the limitation of beam consequent on the 
breadth of the existing docks to be one of these conditions. 
1 Thecomplete penetration and water-logging of the un- 
protected ends of the ship will be termed “ riddling,” and 


the blowing out of the whole of the stores and the cork by 


at the rate of 12 knots vary their distance apart at the rate 
of 40 ft. per second. Errors of range from this and other 
causes are,as might be expected, much in excess even of 
errors of direction, and a target which is low and wide, like 
the ends of the Inflexible, is much more difficult to hit than 
one which is highand narrow. Rifled projectiles are ver 
devious after ricochet, so that if they fall short of the mar’ 
they have little chance of producing effect, while if they 
go over they are equally thrown away. 
As regards the effect of the rolling of the ship upon the 
accuracy of fire, the gun is generally fired at the middle of 
the roll, when the deck is nearly horizontal. At such time 
the speed of the roll is the highest and the disturbing effect 
greatest, rendering it a matter requiring great skill and 
practice to make anything like accurate firing, even at 
short ranges. 
It isto be regretted that there are no exact records of the 
results of naval firing. The custom is to record by ocular 
estimate made from the ship from which the practice is 
carried on. Weare therefore only in a position to say that 
such records as we have had before us confirm, 'so far as 
they go, the conclusion we have arrived at as to the im- 
probability of a very large number of shells being planted 
in the unprotected ends. 
The unarmoured structures in question rise 9 ft. above 
the water, and extend 7 ft. below it in the fighting con- 
dition of the ship. Their length is about 110 ft. in front 
and in reat of the central citadel respectively. 
The structures to be destroyed are thus about 220 ft. 
long in broadside view, by 16 ft. high, nearly one-half of 
which is below the water level, and can only be reached by 
shells entering obliquely, or when the side of the ship is 
partially laid bare by the action of the waves. 
Shells striking at or about the water-line may rip the 
middle deck and let water into the compartment pierced, 
although it is expected that the canvas and oakum with 
which the cofferdam is charged will materially obstruct 
the inflow. Shells cannot, however, lift and blow out all 
the materials packed in the compartments except they 
enter very obliquely, which implies long range and con- 
sequent greatly increased inaccuracy of fire. The im- 
mersion of the vessel occasioned by the admission of water 
would in itself add to the difficulty of reaching and re- 
moving the materials below the water. 
Viewed obliquely or directly ahead or astern, one or 
other of the unarmoured ends would derive a considerable 
amount of protection from the central battery. 
Shells very rarely make large breaches where they enter 
the side of an unarmoured vessel. The process of ignition 
of the bursting charge, commenced on impact, takes a 
sensible time to complete; and the velocity of the shell 
being high, and but little diminished by the slight re- 
sistance offered by thin plating, it passes on at least 6 ft. to 
10 ft. (corresponding roughly with a time of ;igth part of a 
second) before actual explosion takes place.* It therefore 
enters as a shot by a hole of its own figure, and not greatly 
exceeding it in size, and from the point at which explosion 
takes place, the fragments go forward in a cone of disper- 
sion, expending themselves in indenting and cutting inter- 
vening bulkheads and the opposite side of the ship. The 
cork wall and cofferdam, being only 6 ft. thick in ail, most 
of the shell may be expected to pass through them and to 
open in the spaces inside, unless striking very obliquely. 
We think, therefore, that although the riddling of all 
the compartments is a possibility to be recognised and taken 
into account, this cannot be said of the blowing out of all 
the cork and materials. 
It appears to us that if it is to be regarded as a reason- 
able assumption that the unarmoured cellular ends of the 
Inflexible may suffer rapid and complete destruction in an 
engagement, it follows that it is highly unreasonable to build 
unarmoured vessels at all. They are liable to be sunk by 
two or three successful shots. The annihilation of the In- 
flexible’s ends would certainly involve a very large number 
of such shots. If, then, it can be reasonably assumed that 
the Inflexible might be so damaged, early in an engagement, 
it follows that the unarmoured vessel runs a risk of de- 
struction, amounting almost to certainty, and making it 
unjustifiable to send men to sea in such vessels. 
In the case of small gunboats, a class of vessel which 
finds many advocates, reliance is placed mainly on the 
difficulty of hitting objects low in the water, in constant 
movement and at unknown distances, causes all in opera- 
tion in favour of the Inflexible’s superstructure. ; 
The most effective armament to a oe the In- 
flexible’s ends alone would undoubtedly one of nume- 
rous shell guns. In an ironclad, such an armament is in- 
compatible with armour of a thickness to be of the least 
avail against the Inflexible’s guns. It must be a broad- 
side armament, and this, carried at a sufficient height 
above the water-level to be worked in a sea-way, would in- 
volve an extended area of armour incompatible with great 
thickness. We cannot therefore conceive an enemy deli- 
berately adopting the tactics of using or building such 
ironclads with a special view to attack the unprotected ends 
only, nor, considering the difficulty of naval fire, do we 
think firing could be very successfully directed at parti- 
cular portions of the ship, such as the ends, instead of 
against the ship as a whole. 
If called on to engage land forts mounting numerous 
shell guns, the exceptional range of her great guns would 
enable the Inflexible to choose her distance, and to engage 
beyond the range at which guns of such inferior power 





* It is to be noted that, although in experiments with 
shell firing against thin plates there are often ap 

indicating ignition of the bursting charge close inside the 
outer plate, this appears to be always due to the breaking up 
of the shell on the plate, which sometimes, though not 
always, fires the charge. The burning of the bursting 
charge when this happens has but a slight effect com- 





She could also in 


could strike frequently or with effect. 4 
er 


case of need always retire out of action and choose 
own time for renewing an engagement. 

Probably the most effective mode of bringing a destruc- 
tive shell-fire to bear on the Inflexible would be by a 
flotilla of gunboats concentrating their fire upon her. 


To be continued.) 








Gas Licur AND Coxe Company.—The half-yearly 
meeting of this company was held last week. From the 
accounts it appeared that there was a sum of 326,536l., 
available for dividend on the ordinary stock of the com- 
pany. The directors recommended the usual dividend of 
10 per cent. to the ordinary shareholders. The rese 
fund was increased by 30,6401., and a surplus was carried 
forward of 91,0301. me shareholders complained of this 
large balance being carried forward, and wished a larger 
dividend, but it was desired by the directors to accumulate 
a large reserve fund to provide for future contingencies. The 

i took notice of the improvements in the electric 
light, but ~ ee gg —. in a 8 er od could not 
compete wi . e general position of the company 
was most satisfacto , the consumption of gas being on the 
increase. It is intended to adopt improvements in the mak- 
ing of gas, and the company a in future to 
manufacture their own residual products, which would be 
a source of further profit. 





Tue InstiTuTION or Crvin ENaInrERs.—At the 
meeting of this Society on Tuesday, February 5th, Mr. 
Barlow, F.R.S., Vice-President, in the chair, it was an- 
nounced that the Council, acting under the provisions of 
the bye-laws, had transferred Messrs. Philip Barry, 
Thomas Carrington, Alfred Chapman, James Gregson 


Chapman, Richard George Coke, William Dean, Whately 
Eliot, George Fuller, William Stuart Howard, Jabez 
Edward John Lloyd, Alfred illiam Morant, 


James, 
William Morris (Westmixster), Charles Edward Walker 
Ogilvie, George Gordon Page, Charles Sells, and David 
Thomson, from the class of Associates to that of Members. 
Also that the following candidates had been admitted 
Students of the Institution, viz., Messrs. John Francis 
Albright, Albert Francois Louis Alliman, Charles 

Barratt, William Henry Barratt, William i mn, 
James Edward Berry, Arthur Robert Beynon, James 
Trembath Boase, Urban Hanlon Broughton, Joseph 
Pron 1] Cy, Robert Doi , Alexander Stewart 
Forbes, uel Haughton Galbraith, Ernest Hall —_ 
William Inglis, Thomas Stephen Lacey, George Lloyd, 
Frederick Reilly, Richard Cotton Rowley, Arthur Sackville 
Thomson, Augustus Worthi m Topp, Charles Arrow- 
smith Walsh, John Henry Douglas Watson, Thomas 
H Williams, Otway Edward Woodhouse, John Woods, 
and David James Wylie. The monthly ballot resulted in 
the election of eleven Members, viz., Messrs. William 
Anderson, Teesdale Iron Works, Stockton ; Arthur Agvete 
Trinity House; Francis Bell, City Engineer, Sydney, 
N.S.W.; John Blackett, P.W.D., Wellington, N.Z.; 
Alan Brebner, Edinbu thy ; 
William Errington, Aw d, N.Z. ; Charles Pullar Hogg, 
Glasgow ; Edward Newcombe, Midland EK S Brecon ; 
Charles Assheton Whately Pownall, L. and N.W. Railway, 
Darlington; and John Avery Branton Williams, Cardiff ; and 
forty-seven Associates, viz., Messrs. James Abram Arneil, 
P.W.D., Ceylon ; $5 ° Attwood, Savile Row ; James 
Barron, Buckie, N.B. ; Richard Secker Brough, Officiating 
Superintendent Electrician, Indian Government Telegraphs;, 
Gustave Adolphe Canet, London Ordnance Works ; George 
Cartwright, Grimsby Docks ; William James Chalk, Stud. 
Inst. C.E., Worksop Water Works; John Thornton 
Chancellor, Manchester ; William Alfred Dawson, West- 
minster; Waynmaa Dixon, Laurence Pountney Hill ; 
William Eckstein, Ex. Eng. P.W.D., India ; Jenkin John 
Evans, a Glamorganshire ; John Charles Gill, 
Stud. Inst. C.E., Peterborough; John Godfrey Hoch- 
staetter Godfrey, late Chief Geologist and Mining Engi- 
neer to the Japanese Government; Arthur Trethowan 
Goodfellow, Stud. Inst. C.E., P.W.D., India; Singleton 
Goodwin, B.A., Stud. Inst. C.E., Keppel-street ; Alexander 
Grafton, Emerson-street ; Henry Griffiths, Grove-street- 
road, 8.E.; Arthur Franklin Guillemard, B.A., Stud Inst. 
C.E., Rio Drainage Works ; Willoughby Hannam, Queens- 
land Northern Railway, Rockhampton; Albert Josiah Hess, 
Stud. Inst. C.E., Westminster ; William Henry Hodges, 
Midland Railway, Derby; William Hodgson, Stud. Inst. 
C.E., ro George Gordon Jenkins, Aberdeen ;. 
James Johnston, Chief Engineer to the Park Gate Iron 
Company; Arthur Daniel Jones, Surrey Commercial 


h; Alexander Buchanan, Derb 


illiam Barrow Kendall, Stud. Inst. C.E., 
Barrow-in-Furness; Captain William Walter Kiddle, 
R.N., Board of Trade, Dublin; Claude William Kinder, 
Shanghai; John List, Stud. Inst. C.E., Erith; Robert 
Patrick Tredennick Logan, Stud. Inst. C.E., Sligo, Leitrim 
and Northern Counties Railway ; Charles Christian 
Malsch, Shanghai; George Martin, Gas Works, Monte 
Video ; Arthur Herbert Meysey-Thomson, Stud. Inst. 
C.E., Mansfield-street ; Herbert Neal, Stud. Inst. C.E. ; 
Llandudno Pier Works ; Henry Wilkes Notman, Managing 
Director of the South Indian Railway; George Henry 
Ogston, Mincing-lane ; George Willes Ommanney, Loco. 
= of the Trinidad Government Railway; Robert 
William Roberts, Manager of the Delabole Slate Quarries; 
William Sewell, Long Buckby ; Walter Parker Smith, 
Assistant Engineer of the Cornwall Railway; George 
Hurst Stanger, savetesss Charles Anthony Stoess, Stud. 
Inst. C.E., Midland win! Kettering ; Phili 

Torrens, Stud. Inst. C.E., Co lingham-road ; Capt. Hamil. 
ton Tovey, R.E., Royal Gunpowder Factory, Waltham 
Abbey; George Kempthorne Watts, Stud. Inst. C.E., 





pared with its explosion under the pressure necessary 





the action of the shell fire will be called ‘ 


‘ gutting.” 


to burst the shell open. 





P.W.D., India ; and Edwin James White, Stud. Inst. O.F., 
Short-street, Lambeth. 
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REPULSION FROM RADIATION. 
Some of the most interesting of Mr. Crookes’s ex- 
riments have been those for measuring the force 

of repulsion excited by radiation simultaneously with 
the viscosity of the residual gas at different degrees of 
exhaustion, and in residual vacua of different gases. 
These experiments, to which we briefly referred last 
week as having enabled Mr. Crookes to ascertain 
the relationship which exists between the force of 
repulsion from radiation in any residual gas and the 
viscosity of that gas, have contributed more than any- 
thing else to a correct appreciation of the theory of 
the radiometer, and have brought to light some in- 
teresting facts in connexion with the physical be- 
haviour of gases under exhaustion. 

The apparatus employed in these experiments, 
which was very similar to that described in our last 
notice,* consisted of a torsion beam suspended 
within a bulb by a glass fibre attached at its upper 
extremity to the top ofa vertical tube of glass rising 
from the bulb. This apparatus was attached toa 
very perfect modification of the Sao pump, 
designed and constructed by Mr. C. H. Gimin : 
by which it is easy to obtain the very highest ex- 
haustions, and in order to measure the atmospheric 
pressure at any degree of exhaustion, it was fitted 
with a McLeod gauge. There was also attached to 
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the instrument a small vacuum tube in which the 
inside terminals were placed very close — for 
judging of the progress of the exhaustion by the ap- 
pearance of an induction spark, and there was also 
an arrangement by which different vapours and 
gases could be introduced into the apparatus. 

The torsion beam carried a mirror by which its 
angular displacement under the influence of radia- 
tion could be measured by the movement of a spot of 
light along a scale, and by which its amplitude of 
vibration when set swinging, and therefore its 
vibrational decrement per swing as it came to rest, 
could be measured. The logarithm of this amount, 
or logarithmic decrement as it is called, is, as we 
pointed out last week, a very convenient. measure of 
the viscosity of the residual gas, and by tabulating 
the deflections of the beam under the influence of 


sadiation in dierent gaees 6t diferent degrees of ex- | spheric pressure and an exhaustion to 250 millionths 


haustion, and noting at the same time the logarithmic 
decrement under the same conditions, sufficient data 
were collected to enable Mr, Crookes to show by 
means of curves not only the relationship of viscosity 
to repulsive force but also the influence of exhaustion 
upon either, 

In representing upon a diagram such extreme 
degrees of exhaustion measured not by hundredths 
nor even by thousandths but by millionths of an 
atmosphere, it will readily be understood that an 
exceptionally — scale must be employed, 
but as it hap that those phenomena with which 
we have to deal in connexion with repulsion from 
radiation take _— within a range of atmospheric 
pressure extending from zero to something less than 
350 millionths of an atmosphere, it is only a very 
sinall portion of the scale that need be employed, and 





to its entire length would be five-eighths of a mile 
long; in it each millionth of an atmosphere is re- 
presented by a vertical distance of one millimetre, so 
that one atmosphere would be represented by a ver- 
tical height of 1000 metres, or 1093.68 yards, and 
half an atmosphere by 500 metres. As, however, 
in plotting the results of these experiments, it is 
only necessary to consider the last 250 millionths of 
an atmosphere, the lower portion of the diagram 
from A to B hasa different vertical scale to the 
upper portion from B to G, for while the former 
pe eo 999,750 millionths the latter represents 
only the remaining 250 millionths of an atmosphere. 
The abscisse measured from the line B G represent 
the logarithmic decrement which, as we have before 
pointed out, isa measure of the viscosity. The con- 
tinuous curves to the right of the figure represent 
the viscosity (measured by the logarithmic decre- 
ment) of different gases at different pressures, and 
the dotted curves to the left of the fi show the 
variation of the force of repulsion from radiation 
under exactly parallel conditions. 

Upon referring to this diagram, which illustrates 
the behaviour of the gases oxygen, hydrogen, and 
atmospheric air under various degrees of exhaus- 
tion, it will be seen that in the case of atmospheric 
air the viscosity is almost constant between atmo- 











of an atmosphere, which corresponds to a height of 
the barometer of about three-quarters of an inch, 
for while the pressure has fallen 999,750 millionths 
of an stmonphere the logarithmic decrement has 
peo A diminished from 0.127 at the normal pressure 
of the atmosphere to 0.112. It however now begins 
to fall off: at 200 millionths it is 0,110; at 100 
millionths it is 0.096; at 50 millionths it is 0.078; 
at 20 millionths it is 0.052; at 10 millionths it is 


0.035 ; andat 0.1 of a millionth of an atmosphere | perf 


the logarithmic decrement has fallen to about 0.01. 
Simultaneously with this decrease in the viscosity, 
the force of repulsion exerted on a black surface by 
a uniform source of radiation varies. It increases 
very slowly till the exhaustion has risen to about 
70 millionths of an atmosphere; at about 40 mil- 





of the diagram the effects of exhaustion at extreme 
degrees upon the force of repulsion, and upon the 
viscosity of the residual gas. 

Fig. | is a reduction of a diagram which if carried | 


therefore it is possible to show upon a s portion | 





* See EncinzERine, p. 146 ante. | 


lionths the force is at its maximum; and it then 
sinks very rapidly, till at 0.1 millionth of an atmo- 
here it is Jess than one-tenth of its maximum. 
n continuing the curves of the logarithmic decre- 
ment and the force of radiation, and i 


the last traces of an atmosphere had been taken 
out of the apparatus.* 

The behaviour of oxygen is somewhat different. 
At cog ee pressure its | ithmic decrement 
is 0.135, falling as the exhaustion continues until it 
becomes 0.111 at a pressure of 250 millionths of an 
atmosphere ; 0.105 at 100 millionths; 0.093 at 
50 ionths; 0.075 at 25 millionths, falling to 
0.02 at 2 millionths of an atmosphere. The re- 
pulsion curve for oxygen shows an increase from 
atm ic pressure up to an exhaustion of about 
40 millionths of an atmosphere when it attains its 
maximum, falling off very rapidly as the exhaustion 
is continued, 

Hydrogen is very different in its behaviour under 
exhaustion to either oxygen or atmospheric air in 
re both to viscosity and to its force of re- 
P ion. At atmospheric pressure its logarithmic 

ecrement is 0.0625, remaining so nearly constant 
up to an exhaustion of 250 millionths of an atmo- 
sphere as to have fallen only to 0.057; at 100 
millionths it is 0.052, falling to0.046 at 50 millionths, 
after which it rapidly sinks to zero as the vacuum is 
increased. The force of repulsion in hydrogen 
slowly increases from atmospheric pressure up to 
an exhaustion of 250 millionths, after which it 
rapidly increases, arriving at its maximum at 
about 50 millionths, and rapidly sinking after that 
as the pressure diminishes. 

Carbonic acid (not represented on the diagram) 
| occupies @ position with respect to viscosity, between 
hydrogen and atmospheric air, its logarithmic de- 
crement at the no pressure of the atmosphere 
being 0.10. Its force of repulsion is never great, and 
rap‘dly falls off as a perfect vacuum is approached. 

The experiments of which the diagram, Fig. 1, 
represents some of the results, are very instructive ; 
they show (1) that in all the gases experimented 
upon there is a critical point of pressure for each 

at which the force of re on from radiation 
is at a maximum ranging in different media between 
80 and 60 millionths of an atmosphere, and from 
which it follows that all exhaustion in a radio- 
meter carried beyond the ‘critical point for its 
residual gas, is made at the expense of the sensi- 
tiveness of the instrument. Mr. Crookes has 
exhausted radiometers to such a degree that they 
could not be influenced by the radiation from a candle 
placed a few inches from the bulb. (2) That the force 
of repulsion under radiation is ter in a hydrogen 
vacuum than any other, and that consequently it is 
not necessary to carry the exhaustion to so high a 
degree with hy mn as with other in order 
to obtain the same force of repulsion, which shows 
that to obtain the maximum of sensitiveness in a 
radiometer it is advantageous to fill them with 
hydrogen before beginning the exhaustion. Mr, 
Crookes found that the force of repulsion in a 
hydrogen vacuum is to that in a vacuum of atmo- 
spheric air as 70 is to 41. ; 
With the same apparatus Mr. Crookes conducted 
along series of experiments for determining the 
conductivity of the residual gas to the spark from 
an induction coil, In air he found, at a pressure of 
about 40 millionths of an atmosphere, which it will 
be seen from the dia is the pressure at which 
the force of repulsion is at a maximum, that a spark 
whose striking distance at the normal pressure of 
the atmosphere is half an inch will illuminate a 
tube whose terminals are 3 millimetres apart, 
By — the exhaustion further the half-inch 
8 ceases to pass, but a one-inch spark will 
illuminate the tube, and as a vacuum is approached 
eee cae to force is aac ee y pen the 
spark across the space e terminals 
within the tube, until at still higher exhaustions a 
coil capable of giving a 6 in. spark in air at the 
pressure of the atmosphere is required to show an 
mirg wo lg! Reacts | in the residual Be t 
was foun owever, in experi i th so 
powerful a spark that Secashonilily the glass was 

orated by the gener # taking place through 
the bulb; but itis a remarkable fact that the pér- 
foration in such cases was sometimes so excessively 
small that several days were occupied before equili- 
brium of pressure was established between the inside 
and the outside of the bulb. During this process 
the logarithmic decrement slowly rises, showing an 
lneveane of viewer TS etn ae in- 


y di 28 to 
zero, the logarithmic decrement contin’ to rise 
until equilibrium is established ; and Mr, kes 


assuming that | observes that the various phases of this process take 
| the torsion fibre of glass has no viscosity, it is most 





* Proceedings of the Royal Society, 1876, vol. xxv., page 





probable that they would both come to zero when 


305, et seq. 












































































PS Seces wee 


ore 


SS ss 





ere ere 











156 


ENGINEERING. 


(Marcu 1, 1878 





place with such slowness and regularity that 
valuable opportunities are afforded for taking ob- 


ns. 
The results of all these experiments are very con- 
clusive that it is to molecular motion in the residual 
that the cause of the movement of the radiometer 
due. The explanation of the action in a radio- 
meter which is now almost universally accepted is 
that which was first propounded b r. G, John- 
stone Stoney, F.R.S, and of which Mr. Crookes says, 
“‘ This explanation appears to me the most probable, 
and having stood almost every experimental test to 
which I have submitted it, I may assume for the 
t that it expresses the truth.” According to 
this hypothesis, which is founded upon the kinetic 
theory of * the repulsion of the vanes in a 
radiometer is due to internal movements of the 
molecules of the residual gas. When the mean 
length of path between successive collisions of the 
molecules,is small compared with the dimensions of the 
vessel, the molecules rebounding from the heated 
surface, and therefore moving with an extra velocity, 
help to keep back the more slowly moving molecules 
which are advancing towards the heated surface ; it 
thus sagpens that though the individual kicks 
against the heated surface are increased in strength 
in consequence of the heating, yet the number of 
molecules struck is diminished in the same propor- 
jy that there A uilibrium on the ooo aun of 
isc, even though the temperatures of the faces 
are unequal. But when tbe exhaustion is carried to 
so high a point that the molecules are sufficiently 
few, and the mean length of between their 
successive collisions is comparable with the dimen- 
sions of the vessel, the swiftly moving rebounding 
molecules spend their force, in part or in whole, on 
the sides of the vessel; and the onward crowding, 
more slowly moving molecules are not kept back as 
before, so that the number which strike the warmer 
face approaches to, and in the limit equals, the 
number which strike the back, cooler face; and 
as, the individual impacts are stronger on the 
warmer than on the cooler face, pressure is pro- 
duced causing the warmer face to retreat. 

The above is Mr. Stoney’s statement of the theory 
of the radiometer, and it explains in a very satis- 
fac manner Mr. Crookes’s experiment, which we 
described last week, of the rotation of the envelope 
of a radiometer floated in water, and it shows that 
the envelope itself plays a very important part in 
the action of the instrument. 

In order to put this theory to the test Mr. Crookes 
has devised an immense number of experiments. 
We have seen that the motion in the radiometer is 
due to reaction between the vanes and the glass 
bulb through the intervention of molecular dis- 
turbance in the residual gas, and consequently the 
dimensions of the vessel must be taken into con- 
sideration, for according to the theory the vanes of 
a radiometer ought to move more erase be a small 
bulb then in a large one. In order to test this it would 
not be a conclusive experiment to employ two radio- 
meters of different sized bulbs, for in the first place 
it would be a physical impossibility to construct the 
vanes of both instruments precisely alike in size, 
weight, friction of pivot, &c., and it would be ex- 

ingly difficult to insure the pressure of the 
residual gas being the same in both instruments. 
In an experiment to prove this satisfactorily the 
same fly should be used for both bulbs, which 
should be in atmospheric communication with each 
other, so that the internal pressure may be abso- 
lutely the same in each. Fig. 2 mts an in- 
strument designed by Mr. Crookes which meets 
these conditions y ; it consists of a radiometer 
having two bulbs joined together, and carrying two 
cups or bearings for the pivot of the fly to work in, 
the one being inverted as regards the other. With 
a little practice it is easy to toss the fly from the 
one cup to the other, so as to centre it within either 
the or the smaller bulb. In the smaller bulb 
there is about a quarter of an inch between the 
vanes and the glass, and in the larger bulb the 
distance is about double that amount. In ex- 
perimenting with this instrument it was found that 
the vanes rotated about 50 per cent. faster in the 
small bulb than in the large bulb, all other con- 
ditions remaining the same. .This experiment, 
therefore, supported the correctness of the theory. 

In another test Mr. Crookes employed a radio- 
meter, the fly of which consisted of two arms pivoted 
at their centres independently of one another ; the 





m. ny en eee ‘ ; ae 9 
see Philosophical Magazine anuary, . 
See also INEERING, vol. xxiv., p. 149. 


one arm carried at its extremities two discs of roasted 
mica blackened on alternate sides, and the other 
arm carried clear mica discs, which, by means of an 
external magnet, could be placed close against the 
blackened surfaces of the other pair of discs. The 
diagram, Fig. 3, will explain the arrangement. 
When a lighted candle was placed near the instru- 
ment so as to shine through the clear mica on to 
the blackened disc, the former was at once driven 
away till the two arms of the instrument eet at right 
gw to each other. 

he molecular force within a radiometer acts very 
similarly to a gentle wind issuing from the blackened 
surfaces, and can be diverted or reflected by ob- 
structions or surfaces placed in its path. As the 
black surface in a radiometer is repelled in conse- 
quence of there being a greater pressure produced 
by the movement of the molecules between it and 
the glass envelope, it occurred to Mr. Crookes that 
if a plate of clear mica were fixed to the fly of a 
radiometer in front of each blackened disc, the 
motion of the instrument would be reversed in con- 
sequence of the molecular force, streaming as it 
were from the blackened pith, becoming arres 
and reflected back by the des i in front 
of it. He, therefore, constructed a radiometer upon 
this principle, which Fig. 3 will serve to illustrate, 
the only difference between it and the instrument 
last described being that the clear mica discs are 
fixed instead of being free to move away from the 
blackened surfaces. 

In order to show that the negative ‘action was 
due to this cause, Mr. Crookes constructed 
another instrument (see Fig. 4) in which the vanes 
of a radiometer carried a disc of clear mica on 
each side. In this arrangement the second mica 
plate acts as a screen between the first plate and 
the envelope, the molecular pressure expending 
itself upwards and downwards in a vertical plane, 
and no motion is obtained when a source of radia- 
tion is brought near to the instrument. 

As the actions in all these experiments might be 

explained upon the “ evaporation and condensation” 
theory, Mr, Crookes constructed a radiometer 
in which the vanes consisted of discs of very thin 
clear mica not blackened in any way, and therefore 
having both surfaces alike. ly was mounted 
inarather large bulb to theside of which was attached, 
in a vertical plane, a small plate of mica blackened 
on one side, and the dimensions of the various 
parts were so arranged that the vanes in their rota- 
tion passed the fixed plate at a distance of about 
one millimetre. Fig. 5 is a diagram of the arrange- 
ment, When a source of radiation is brought near 
this instrument, so as to shine only on the clear 
mica discs, no rotation is produced, but when the 
radiation is allowed to fall on the black side of 
the fixed plate the vanes instantly rotate as if a 
wind were blowing upon them from the blackened 
surface, and this action continues as long as the radia- 
tion is allowed to fall upon the fixed plate. In this 
experiment it is clear that evaporation and condensa- 
tion cannot account for the movement, for a con- 
tinuous rotation could only be obtained by radiation 
falling in an intermittent manner on the blackened 
surface, as it is vital to the theory that it should 
alternately absorb and give out heat. 
The next series of experiments were directed to 
ascertain the best material for the moving part of a 
radiometer in order to give to itits maximum of sensi- 
tiveness. In these experiments Mr. Crookes found 
that, for the vanes, roasted mica offered very special 
advantages ; it is, in the first place, a bad conductor 
of heat—an important consideration, in order to 
prevent the erence of temperature ing 
through to the back surface—it is a good absorber 
of heat on the black surface, and a reflector on 
the other, extremely light, and able to stand the 
high temperatures to which the instruments are 
subjected during exhaustion in order to eliminate 
aqueous vapour, and to obtain a more perfect 
vacuum, 

Subsequent researches have, however, led Mr. 
Crookes to the discovery that the form of the sur- 
face, and the position in which it is presented to the 
source of radiation, and to the inner surface of the 
envelope, have more to do with the sensitiveness of 
the instrument than either the material of which 
the vanes are composed, or the colour of their 
surface, 

Mr, Crookes’s experiments for determining the 
effect of radiation upon vanes of various surface 
forms, and set at different angles with their arms, 
are very in ing and instructive, but we must 





defer the consideration of these experiments until 


next week; it may, however, be of interest to mention 
here that the most sensitive form of radiometer yet 
constructed is that in which the vanes are of thin 
aluminum attached to their arms, at an angle of 
135 deg., blackened on their outer surfaces, and 
revolving very near to the surface of the envelope. 

We cannot conclude this notice without ing 
attention to the great perfection with which the 
apparatus employed in these experiments has been 
constructed. This apparatus is almost entirely the 
work of Mr. Gimingham, whose skill in the mani- 
pulation of glass is certainly unrivalled. 
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The Steam Engine considered as a Heat Engine; a 
Treatise on the Theory of the Steam Engine, illustrated 
by Diagrams, Tables, and E les from Practice. 
By James H. Correriut, M.A., fessor of Applied 

echanics in the Royal Naval College. London: E. 
and F. N. 7. [Price 12s. 6d.] 

Ir has been frequently a matter of wonder as well 

as of regret that in the country which par excellence 





ted |is the land of the steam engine, not only in its 


historic infancy, but in its present manhood, the 
literature of the steam engine should be so very de- 
fective. A really good theoretic treatment of the 
subject has been entirely wanting, while of the 
ractical books thuse which were once most valuable 
ve for Pag been so antiquated as to be almost 
useless, To ine we owe to a great extent not 
only the first steps in a scientific treatment, impos- 
sible in the pre-Joulian epoch of Farey ahd 
Tredgold, but also much of the original investiga- 
tion which has rendered possible further progress. 
But Rankine’s own book by no means f the re- 
quirements of a treatise on the theory of the steam 
engine, partly because it covers ground so extended 
that comparatively small space is given to this par- 
ticular matter, partly because its condensed style 
and high mathematics make it unintelligible to 
ordinary readers, and partly because of the great 
additions which have been made to our experimental 
knowledge of the subject since the work was written. 
Mr. Cotterill’s little book, ‘‘ Notes on the Theory of 
the Steam Engine” (1871), really remained, while it 
was obtainable, the work on the subject best suited 
for ordinary readers. It was, however, only a sketch, 
and has been long out of print. Some recent books, 
such as those of Northcott, Shann, and Rigg, 
which have been noticed in these columns, have 
been real additions to the literature of the steam 
engine, each possessing certain merits from the 
point of view from which it was written. No one 
of these, however, met, or professed to meet, the 
want of a really thorough scientific treatise on the 
theory of the steam engine, such a book for instance 
as could take its place beside Zeuner’s classical 
work, It is therefore with great pleasure that ~ve 
can say, after an examination of Professor Cot- 
terill’s new book, that such a work has at length 
made its appearance. His ‘Steam Engine” is not 
only by far the best theoretical book on the subject 
which has yet appeared in England, but is in some 
respects in advance of any other books upon it, 
English or foreign, which we have seen. e@ say 
this with especial reference to some branches of the 
subject which have often enough been slurred over 
or smothered up in vague generalities, but which 
engineers know to be of vital importance, Some 
of these points Mr. Cotterill treats with very great 
originality and with a clearness of statement as to 
the nature of the assumptions made and the pro- 
bable accuracy of the result which leave nothing to 
be desired. 
It will be sufficient to summarise briefly the 
author’s general treatment of his subject, and notice 
more in detail one or two points of special interest. 
The first two chapters are introductory,—on the 
physical properties of steam and the convertibility 
of heat and work in connexion with the phenomena 
occurring in thesteam engine. In the next chapter 
a preliminary ae of the working of the 
steam engine is made, some of the complexities 
occurring in practice being di or sim- 
plicity’s sake. Having shown in this way how small 
a portion of the heat which it receives a steam 
engine actually turns into useful work, the next two 
chapters are devoted to an examination of ideal 
engines —first ‘‘ perfect-gas” engines and then ideal 
ngines—to see how far the loss mentioned 
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steam engines, if they worked in reality as perfect 
engines, could turn into work from two to three- 
tenths of the heat supplied them and no more, while 
in practice they do from one-third to one-half 
as much. Thus in an engine which gives us 77 
foot-pounds of work for every thermal unit re- 
ceived by the water in the boiler, we utilise only 
one-tenth of the total heat supplied, but we utilise 
forty or fifty per cent. of the available heat. Fami- 
liar as this is, or should be, to all who have to 
do with the improvement of the steam engine, mis- 
understandings hove so often arisen about it that it 
will bear frequent reiteration. Returning to his 
main subject, the author next considers in detail 
the formation of steam in a boiler and its expansion 
under various circumstances, and goes on to classify 
and examine quantitatively the various losses ac- 
tually occurring in steam engines. A separate 
chapter is devoted to clearance and wiredrawing, 
and another—perhaps the most interesting and ori- 
ginal in the book—to the “action of the sides of 
the cylinder and of water remaining after exhaust,” 
which includes the question of jackets. The last 
chapter is devoted to an analysis of experiments on 
steam engines, chiefly the American marine engine 
trials of which we published the particulars during 
1875 and 1876. The special feature in this analysis, 
which is a most valuable one, is the quantitative 
estimation of the relative value of the different 
causes of loss in the engines as meee with per- 
fect steam engines. The book concludes with sun- 
dry tables and an appendix containing notes on 
some matters requiring somewhat. higher mathe- 
matics than the author used in the text: ‘ 

That Professor Cotterill intends to address himself 
in the first instance to engineers and only indi- 
rectly to physicists or mathematicians, is shown by 
his whole methodof treatment. His points areallillus- 
trated with examples taken from practice and worked 
out numerically, and all engineers who have spent 
hours now and then struggling to find the meaning of 
the bewildering ‘‘ illustrations” occasionally given in 
purely theoretical books will recognise the immense 
value of this, .He presupposes ‘‘some knowledge of 
the working of a steam engine .... and of the 
use of an indicator” in his readers, while he avoids 
the use of the higher mathematics, On this point 
he says, very sensibly, ‘‘in this, as in other branches 
of _ — — pant eh tie funda- 
men iples mu tient ication to 
details oe pe seen to make Sematind ine iga- 
tion of any use in practice, but advanced mathe- 
matical processes are not often required, and some- 
times disguise the real difficulties of the subject 
under consideration.” Further the author uses 
graphical methods to an extent and in a way entirely 
beyond and different from any of his predecessors, 
and there are few engineers who do not prefer “a 
construction,” where they can get it, to the most 
enticing formula. 

But it would not be right to leave a book such as 
that before us with merely general remarks of this 
kind. It not only contains old matter accurately 
put and well explained—which alone would be 
something to be thankful for in this subject—but 
contains also, as we have already indicated, the 
result of much original investigation on some most 
important points. Chief among these come the ques- 
tions of liquefaction of steam on admission to a cy- 
linder, and of the action of a steam jacket. So far as 
weknow, no satisfactory explanation of the difficulties 
raised in these questions has hitherto been presented. 
We know, on the one hand, that indicator cards 
often fail to show within thirty per cent. (or more) 
of the quantity of steam accounted for by measure- 
ments both of discharge or of feed. Errors of 
measurement exist, of course, but will be covered at 
any rate by three or four per cent, (including priming 
in many cases), and we are driven to the conclusion 
that the steam which has been formed in the boiler 
and condensed in the condenser, but which notwith- 
standing does not appear in the cards, must have 
been condensed on the cylinder sides during admis- 
sion and re-evaporated during exhaust. But very 
little calculation is sufficient to show that if this be 
the case, the cylinder sides must be immensely more 
efficient in abstracting heat than any condenser or 
boiler surface which we have. In the Bermondsey 
trials, for instance, which we recently described, the 
cylinder appears to have abstracted heat from the 
incoming steam a¢ a rate equal to more than 1400 
thermal units per square foot minute, whereas 
no boiler, notwithstanding ite far greater range of 
temperature, attains a mean rate of transmission one- 
twelfth as great without being forced, Then in the 


second place, we find that the heat given up 
by the steam condensed in the jacket, even su 
posing it all to to the steam in the 
cylinder, forms but a very small fraction of the 
quantity of heat just mentioned. And lastly, not- 
withstanding this, the jacket has been found in 
many cases to effect a saving out of all proportion 
to the apparent passage of heat from it to the cy- 
linder. e theory of the action of the cylinder 
sides now given by Mr. Cotterill seems to us really 
to reconcile and explain the apparent discrepancies 
between these phenomena, while at the same time it 
gives a distinct clue to the causes of the apparentl 
contradictory results which have been obtained wii 
the steam jacket under various circumstances. The 
conclusions derived from it agree entirely with what 
we know of the relative efficiency of jackets on high- 

ressure and aepeearase cylinders, and of the loss 

y liquefaction which renders high ratios of expan- 
sion in a single cylinder almost always wasteful. We 
are not able within the limits of this review to give 
any account of Mr. Cotterill’s treatment of this 
matter. It is, however, the most important addition 
to our knowledge of the working of the steam engine 
which has been made for many years. 

In an indicator card we represent work by an area, 
but for convenience sake we often use the mean or- 
dinate of that area instead of the area itself. This 
ordinate is generally measured as a pressure, 80 
that virtually we measure the work by a pressure. 
Rankine proposed to extend this, and represent 
also the heat expended by a pressure which could be 
com with the work pressure. Cotterill adds 
to this the representation of the change of internal 
energy in the mass of steam and water bya pressure) 
(** internal work pressure”), and by £f thi 
some most interesting diagrams,*’ the 
changes occurring during: the expansion of dry or 
wet steam, &c, A to air engines this gives 
excellent results. Applied to steam engines it is ap- 
parently more valuable illustratively than quanti- 
tatively, on account of the renee diffe. 
rences in result caused by small differences or errors 
in data, The constructions, however, ought to be 
studied, there are many instances in which they will 
be useful in approximate solutions, while in all cases 
they will greatly aid in giving a practical insight 
into problems. 

Space will not allow us to go further into the 
consideration of Professor Cotterill’s work, although 
there are many more points raised by it which 
deserve separate notice, especially his examination 
of the American engine trials. It takes its place at 
once as our standard work ae its own subject, and 
we have no doubt thatit will be universally received 
as such. It should be in the hands of all whose 
business it is to design steam engines, or whose 
pleasure it may be to study them. We have re- 
viewed it, naturally, from an engineering point of 
view, believing it to have been written chiefly for 
engineers, It would be unfair to Mr. Cotterill not 
to add, however, that from a purely scientific point 
of view the book might receive equal praise, as 
containing a thorough and successful investigation 
of physical problems of no ordinary complexity. 

hen the author publishes a new edition, we 
trust no notion that the book is ‘‘ already too long” 
will induce him again to omit the chapter on the 
working of sa, “gro engines which he mentions 
in the preface. It would be a most valuable addi- 
tion to the book. The only point on which we 
cannot agree with Professor Cotterill is as to the 
arrangement of the Tables at the end, The con- 
venience of not having to interpolate, or at least 
having to do so seldom, would surely be cheaply 
— at the expense of a few additional pages. 
he construction given on page 33 (Fig. 3) for the 


graphic solution of » = 2? is certainly in a form 
e 


well suited for some of the later applications, but for 
the general purpose for which it is there given, the 
method of similar triangles takes fewer lines, and 
gives a good deal less trouble; we use it by pre- 
ference for most purposes, 


RECENT RAILWAY ACCIDENTS. 

Or the numerous accidents which take place upon 
our railways comparatively few are brought under 
the notice of the public, who are een yume | un- 
able to form any idea of their number and extent, or 
of the causes most conducive to danger. We 
pose, therefore, from time to time to place on record 


* Some of them have been drawn for the author by Mr. 
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the circumstances under which the various accidents 
reported on, have occurred, and the lessons to be 
learned from them. It will be seen how large a 
proportion could have been prevented or mitigated 
if efficient continuous brakes were fitted to the 
trains. 

1. Midland Great Western Railway of Ireland.—On 
December 4th last, the 9 A.M. passenger train from 
Dublin, consisting of engine and tender, five pas- 
senger carriages, two fish vans, and tail brake van, 
left the rails about 39 miles from Athlone. The 
train was — a speed of 25 or 30 miles an 
hour, when the fish van next the engine left the 

ils, The driver stopped in about 200 yards, when 
the engine and tender only remained on the rails, 
the two fish vans and first carriage were close to the 
rails, the train parting at the third vehicle; the 
brake van had lost three ee yon | 
passenger carriages were somewhat injured, 
eight passengers were much shaken. The line where 
this accident occurred is single, and appears to have 
been in a a condition, the immediate cause 
of the accident having been two defective rails. 
The head of one rail was laminated and bulged, 
while a portion of the head of the second was 
broken out. Colonel Rich, in commenting upon 
this, remarks that ‘ the — way is py.’ 
nearly worn out, and will require a good of 
care and attention to keep it in a safe state for fast 
passenger traffic, until it is thoroughly renewed.” 

2. The Cheshire Lines Railway.—On the 4th of 
December last a collision occurred between a pas- 
senger train.and some coal ns that were being 
shunted at the Stockport station of the Cheshire 
Lines Railway. We have already commented fully 
on thisaccident (see rage 69 ante), and need onl: 
remark here that the train was fitted wi 
peda sam ee aoune howe mat, ‘The 

a connecting p. pped ou 
brake had acted properly at the previous station, and 
as it has no automatic poopenttete no intimation. of 
the failure was given to the driver, 
had to fall back suddenly on his hand-brakes. 
this case an automatic continuous brake would have 
prevented the accident. rat 

‘8. Great Northern Railway.—On the 7th of De- 


cember a mixed. and train from 
Grantham to Boston, left the (with the ex- 
ception of the rear brake van) and the brakesman 


destroyed, bat Ghe SUM af dhe tesla, Sas pemaibooli 
estroyed, but rest 0 train was 
uninjured, The accident occurred at Sockasoas 
Junction, 4 miles 9 chains north of Grantham, where 
ee —_— im the wee witha a 
of 17 chains radius, the} facing ts being on: 
down line. As the permanent way a to be 
in good order, and as no defect or failure could be 
found in the vehicles composing the train, the 
accident is attributed to running at an excessive 
speed over the 17 chain curve at the junction. 
quoshondchejuer dequanksten;te-aghek Gameae 
an iver de t the was 
15 miles an hour, but this statement was obvio' 4 
incorrect, as evidenced by the distance (107 yards 
which the train ran over the ballast after quitting 
the rails. 

4, The London and North-Western Railway.—We 
have already (see page 69 ante) described in detail 
the Blaby Junction collision, which occurred on the 
Leicester and Nuneaton branch of the London and 
North-Western Railway, on the 9th December, 
between an engine and tender and the rest of the 
train, which had , this being in fact a break- 
away accident. this case when passing the 

ints at Wigstown Junction the driver found that 

e had broken loose from the train, and the driver 
instead of maintaining his speed (25 miles an hour) 
shut off steam, and afterwards applied his engine 
brake. When too late he pmccelin. «4 his speed, and 
so endeavoured to avoid the approaching train, but 
was unable to do so, and a collision occurred in 
which six and two of the company 
servants were injured, Colonel Yolland i 
remarks on this accident says, ‘‘ No nger train 
can be considered as a well-appoin train, which 
is not provided with the means of agrery > 
informing the driver of the engine in front that h 
train is separated in two , or that something is 
wrong in some part of it, that requires his imme- 
diate attention ....” The collision would not 
have taken place at all if the train had been fitted 


pro- | with an automatic brake, as this would have brought 


5. The London and North-Western Railway.—A col- 





it to a standstill as soon as the coupling broke, 
lision occurred on this line December 6, at the 
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THE PARIS EXHIBITION; THE ALGERIAN PALACE IN 


(For Deseription, see Page 161.) 


























Port station. The 9.40 a.m. down train 
ugby to Wolverhampton, made up of engine 


Dudle 
from 

and tender, seven carriages, and a b 
leaving the 


| 


é van, on | sustained by the train was as stated in the following 
latform at the above-named station, | official return. Engine: A portion of the ash-pan 
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are reported to have been slightly hurt, and the | good order after accident. Van: Side of body 


driver and firemen were injured. The age 


came into collision with a shunting engine crossing | torn off ; one end of the air reservoir under the 


the track in front of it. No one was injured by the 
accident, which is stated to have occurred from the 
carelessness of the driver of the passenger train, 
who started when the starting signal was against 
him. 
6. The Midland Railway.— An accident of consider- 
able interest and importance occurred on the Midland 
Railway the evening of the 18th December. It took 
place near the Tibshelf Junction between Doehill 
and Alfreton on the main line, under the following 
circumstances : A wagon forming part of an empty 
coal train on an adjacent siding, got off the rails, 





and fouled the main ey before the passing of 
the up Scotch express. e train was made up as 
follows : 
. a “ tons. cwt 
Tender 2 5 
_- 6 19 
he os — a .s 
1 Pullman car Midland 31 10 
Poe 
1 Composite carriage 10 10 
Van A 8 2 
_— 115 11 
Total weight 181 10 


The Westinghouse automatic brake was applied to 
all the wheels of the tender and vehicles, but not to 
the engine. 


The of the express at the time of the 


accident was about 50 miles an hour. Six passengers 





after accident. Composite Carriage : 
door handles stripped off; Westinghouse brake in | 


foot-plate stove in; engine steps torn off on one 
side ; the spectacle plate badly bent; the leading 
axle bent, and stays and springs torn off the leading 
left-hand inside axle-box ; the tender brake shaft 
was badly bent, and the gearing considerably 
damaged ; two frame stays were torn off. Van: 
Broken headstock and bent axle. Westinghouse 
brake in good order after accident. Bogie Carriage : 
Commode and door handles and footsteps — 
off one side; two bogies slightly damaged ; West- 
inghouse brake, one cylinder and bracket broken ; 
four hottom connecting rods ; two brake 
block levers ; three brake block stays lost ; 
one brake block stay broken ; one cylinder connect- 
ing pipe broken. Pullman Car “‘ Midland:” One 
end knocked in ; one side panel damaged ; two bogies 
damaged ; beg me mapa brake, two brake beam 
safety hangers broken ; two brake blocks broken ; 
one bottom connecting rod lost; four brake beam 
opines damaged. Pullman Car “ Australia :” 

orner of body knocked in ; one side panel damaged, 
ae agg steps, and bogies damaged ; Westinghouse 

rake, one brake beam broken ; two brake beam tie 
rods broken ; one brake beam tie-rod casting broken ; 
four brake beam check springs broken; one brake 
beam check spring lost ; two brake blocks damaged ; 
eight swing beam safety hangers broken ; two bottom 
connecting rods lost. Bogie Carriage: One end 
knocked in; one — smashed ; one door and two 
bogies damaged ; Westinghouse brake in good order 
Commode and 








grazed; Westinghouse brake in good order after 
accident. 

The permanent way sustained very heavy damage, 
the track being destroyed from the point to 
where the collision occurred to where the train 
stopped; about 100 sleepers, 300 chairs, 210 fish- 
bolts, and 20 rails were broken. 

In his remarks upon this accident, Colonel Yol- 
land states that while he has no doubt of the 
beneficial effects of the brake in this accident, he is 
of opinion that the retardation was mainly due to 
the several vehicles coming in contact in succession 
with the transverse sleepers. On the other hand, it 
must be borne in mind that—judging from similar 
accidents in the past—it is almost impossible that 
a heavy train, running at a high speed, and suddenly 
thrown off the rails and broken up, should sustain 
so little injury and do no damage to the passengers, 
through the agency of the sleepers and ballast. 
That the brake was put on instantaneously through- 
out the train was proved beyond a doubt, in fact 
some of the noticed the application of 
the brakes before they felt any of the effects of the 
accident. Colonel Yolland points out that if the 
engine had been hauling the coal train on the siding 
instead of pushing it, the accident would in al 

robability fave been avoided, as the engine would 
fave been less likely to leave the rails at the facing 
points than the wagon, and even if it had been 
derailed, the driver could have stopped it before it 
fouled the main line. ; 

7. The Midland Railway.—This accident happened 
on the 19th of December to a mail train, which, at a 

of 35 or 40 miles an hour, left the rails opp 
site the Kingsbury sidings on the Derby and Bir- 
mingham branch of the Midland Railway. Five 
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post-office clerks, two railway servants, and two 

ngers were injured, This was a breakaway 
accident of rather a peculiar nature, the engine and 
tender leaving the train, the front vehicle of which, 
and coupled to the tender, was a North-Eastern 
brake van. The driver stated that as he was pass- 
ing the crossing at Kingsbury sidings, he felt some 
check on the engine, which he immediately reversed, 
and on stopping he found that the whole of the 
train which had parted was off the rails, the engine 
and tender remaining on. On examination it was 
found that at the place where the accident occurred 
the gauge was 2 in. narrow, while the wheels of the 
North-Eastern brake van were ;%, in. too far apart, 
and the flanges of the wheels were ¥, in. thicker than 
the Midland Railway standard. From these com- 
bined causes the van left the rails, takingjthe rest of 
the train with it. Colonel Yolland points out with 
reference to this accident that ‘‘ when there is so 
frequent an interchange between adjacent railway 
companies of the vehicles that run in passenger 
trains, it is of the greatest importance in providing 
for the safe travelling of the public that the distance 
between the flanges of the winihe and the thickness 
of the flanges of the tyres of the wheels of all pas- 
senger carriages should be uniform for all railway 
weet but that does not appear to be the case 
at the present time.” 

8. Great Eastern Railway.—On the morning of 
the 20th of December a passenger train from 
Loughton to Stratford came into collision at Chob. 
ham Farm Junction with a goods train running from 
March to the London Docks. No personal injury 
resulted from this accident, which was caused on the 
one hand by the driver of the passenger train 
roving approached the up home signal at Chobham 


‘arm Junction too rapidly, and on the other by the 
signalman having given “ line clear” to the driver of 
mger train before the goods train was clear 

e@ siding. General Hntehinso 


the 
in 





m remarks that 








this accident might have been prevented by the 
application of an efficient continuous brake. 

9. Great Eastern Railway.—This was a double col- 
lision on the 20th of December at Stratford Station. 
During a fog, an up passenger train from Loughton 
to Fenchurch-street, was standing at Stratford 
Station, when it was run into by a second passenger 
train from and to the same places, while a third 

mger train from Ongar to Live l-street ran 
into the tail of the second train, and so completed 
the accident. This occurred about 8.50 a.m. But 
little damage was done to the trains, and only two 
passengers were shaken. This accident, like the 
previous one, was caused by the blunder of signal- 
men and carelessness of drivers running into the 
station too fast. General Hutchinson remarks that 
with efficient continuous brakes in the hands of the 
Se OY both accidents would have been 
prevented. 

10. South-Eastern Railway.—This was also a slight 
accident due to confusion and mistakes on the 
of the signalmen. It occurred on the 28th of De- 
cember to the down passenger train from Charing 
Cross to Dartford, which at emperors ran into a 
train of empt iages. Only one passenger was 
shaken, ind train was but Hitle Cane 

1l. Great Western Railway.—At Bala station, on 
the 21st December, a goods train ran off a siding in 
the goods yard, injuring the guard, who was on the 
footplate. This a | apparently entirely thro 
the misconduct of the men in charge of the train, 
especially of the driver, who was intoxicated at the 
time, and who‘ran his engine at a considerable 
speed along the siding and over a bank at the end 
of the yard. 

12. Weymouth and Portland Railway.—On this 
railway, which is a joint line of the Great Western 
and London and South-Western companies, an ac- 
cident occurred the 23rd of December, at the Port- 
land terminal station. The line, which is leased by 


“a collision occurred between a 









the two companies just named, and is worked by 
each on alternate years, was under the charge of the 
Great Western Railway at the time of the accident, 
Eight ngers were injured and the train was 
much ieamath. The accident was caused by a col- 
lision between the ogee re train and an empty car- 
riage standing on the rails in the arrival dock of the 
station. The train was made up of seven carriages, 
the five last of which were fitted with continuous 
brakes, which were adopted in consequence of Sir 
Henry ‘Tyler's recommendation in connexion with a 
similar but more serious collision which occurred in 
September, 1876. The brake in use was a modifica- 
tion of Fay’s spun, cones through the train by a 


series of square-ended rods, connected by suitable 
sockets, e collision was evidently occasioned 
through the driver entering the station at a consi- 


derable speed, and being unable to check the train 
intime. The evidence showed that this speed did 
not exceed two miles an hour, but the amount of 
damage done proved conclusively that the statement 
was quite incorrect, and the attempt to throw the 
blame on the failure of the brake was not substan- 
tiated. Colonel Yolland remarks that a portion of 
the brake was found subsequently on the line a mile 
and a half from the accident, and was almost cer- 
tainly carried there to confirm the allegation. 

13. Metropolitan Railway.—On the 2nd of January 
er train be- 
longing to the Midland, and a second one belonging 
to the Great Northern Railway in the widened 
tunnel of the Metropolitan near King’s Cross. The 
junction and crossing are in this tunnel, and were 
objected to by the of Trade before the open- 
ing of theline. To obviate such an occurrence in the 
future, the following modification has been 

to: self-acting points are to be put in on the Great 
Northern down line, a very short distance to the 


north of ‘ hole-in-the-wall” signal-box at the Mid- 
land junction, and an indicator attached to the 
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safety points which shall show the signalmen when 
the last vehicle in a Great Northern down train has 
passed over them. The object of putting down 
these safety points is to prevent any vehicle which 
might break away, or the whole train from running 
back to the crossing, a circumstance which occurred 
to the Great Northern train and caused the accident 
in question. 

14. Great Northern Railway.—Want of space pre- 
vents us from considering in detail this important 
accident which took place on the 4th of January, 
and was a collision between an up Scotch express 
and a goods train from Luton, a short distance 
north of Hatfield Station. There is no doubt 
that the vacuum continuous brake with which the 
train was fitted was of great service in reducing the 
disastrous results of the collision, but the evidence 
is so conflicting as to the point at which the brake 
was put on, that it affords little real information as 
to its actual value. Colonel Yolland accepts the 
statement of the engine-driver as to the point when 
the brake was applied, basing his conclusion on 
certain experiments with the brake made by him 
subsequent to the accident, and which we shall 
notice next week. 








THE PENNSYLVANIA RAILROAD. 
No. LXI.—Mortive Power—(concluded). 

Taste LXX. shows the duties and cost of 37 
locomotives running one month on the Philadelphia 
Division. It will be noticed that these engines are 
by a variety of builders, the Baldwin Company 
being the most numerous, Besides the general 
dimensions and weights of the engines, and the 
mileage obtained, the fuel and stores consumed are 
given in the greatest detail. In this Table the dollar 
is estimated at 4s. 

Of the following Tables No. LXXI. gives the 
general average consumption of fuel and stores for 
each engine; No. LXXII. the cost of repairs per 
mile run on the Pennsylvania Division for each 
year since 1868, and is interesting as showing the 

at reduction effected by the introduction of a 

tter and more complete system; No. LXXIII. 
shows the mileage made by locomotives on the 
different divisions for 1874and 1875 ; Nos. LX XIV. 
and LXXV. are the general average mileage with 

enger and freight trains respectively ; and Nos. 
XVI. and LXXVIL. give the greatest passenger 
and freight mileage made. 


Taste No. LXXI.—General Average Consumption of 
Fuel and Stores. 














gee 

hae oe. 

$ |saisales 

Divrstons. 3 2% a2 ga 

a ay 

q . a 3 

8g 5/56/88 

& veal vhe 

Pennsylvania Railroad, 1875 ... .. 71.9} 3.2] 1.7] 2.8 

- a 1874 ... eee 2201 | 3.1] 1.7} 2.7 

Increase ... coo] “soo: fe 0.1 
Decrease ... i exe .| 0.2 

United Railroads of New Jersey, 1875 58.1; 4.3| 2.9) 3.6 

” ” 1874 57.7) 4.2) 2.9) 3.5 

Increase ... . | 0.4) O11)... 1 0.1 

Philadelphia and Erie Railroad, 1875 88.9; 2.7| 1.4) 1.3 

2 * 1874 86.2; 2.7) 1.5) 2.2 
Increase... | 29 

Decrease oY a 0.1| 0.9 

















Tani No. LXXII.—Cost of Repairs per Mile Run 
Pennsylvania Railroad Divisie n. ; 
YEAR. Cost per Mile Run. 

1868 e ° 12.8 cents. 
1869 0 ‘ BY) 

1870 ove 9.13 ,, 

1871 ove 6.81, ,, 

1872 ee 8.16 ,, 

1873 0 4.90 ,, 

1874 ‘ 5.30 ,, 

1875 5.86 -,, 





TABLE No. LXXIX.—Averacse Pounps or Coa ConsumeD PER Freicut CAR PER MILE, AND Tons oF 
FREIGHT CARRIED PER CAR. 





















































lar Number : 
Po Coal per Percentage of. Avett Oe Percentage of. 

Division. Car per Mile. ; 

i 

1874. 1875. | Increase. “Decrease. 1874. | 1875. | Increase. | Decrease. 
Philedclshin wg sel | OS 4.9 we 9.611 | 10.124 | 5.4 
Middle ose até jn | 28 2.7 a: 3.6 9.569 9.900 3.5 
Pittsburgh ... ae i cock, ee 5.5 3.5 9.395 9.359 she 4 
Entire Pennsylvania Railroad; ...| 4.2 4.2 res ee 9.569 | 9.910 3.6 
United Railroads of New Jersey, 3.3 3.6 9.1 8.238 | 8.904 8.1 
Philadelphia and Erie Railroad..., 4.4 4.4 9.267 |. 9.689 4.5 

TABLE No. LXXX.—M1Lzeact or PassENGER CARS. 

DIvisions. Passenger. | Emigrant. | Baggage. | Mail Express. Total. 
Philadelphia 2,113,917 $21,585 725,855 101,650 473,212 3,736,219 
Middle .. 1,421,606 253,948 593,457 128,390 561,150 2,958,551 
Pittsburgh 2,220,211 207,668 647,664 112,526 DOS 3,687,622 
Lewistown 47, ia ese ant 47,260 
Bedford san ns 54,770 ‘os 8,623 ose 63,393 
Tyrone. 301,914 16,355 | 150,543 6 468,842 

est Pennsylvania ... 595,286 1,023 96,724 Geo 693,033 
Frederick 2 ove 128,185 4,814 11,605 148 144,752 
Total, 1875 6,883,179 805,393 2,234,471 342,566 1,534,063 11,799,672 
Total, 1874 6,481,474 960,920 2,103,108 223,422 1,683,577 | 11,452,501 
Increase 401,705 ° | 181,363 19,144 a 347,171 
Decrease oa 155,527 | dein WA 149,514 
Percentage 6.20 16.19 6.25 8.56 8.88 3.03 











Tasiz No. LXXIII.—Mileage of Locomotives. 

















Pas- Dis- 
Divisions. senger. Freight, tributing. Total. 
Pennsylvania Railroad, 

1875 ane a e+e] 3,190,308 | 11,599,022} 476,738 | 15,266,068 
Pennsylvania Railroad, 

1874 ee eco eee 14,644,822 
Increase - 621,246 
United Railroads of | 

New Jersey, 1875 ...| 2,453,508 | 2,345,193) 209,899 5,088,600 

ni Railroads of | 

New Jersey, 1874 ... ae ese eco 5,202,476 
Decrease Saige. ria wa 193,876 
Philadelphia and Erie ‘heal r 

Railroad, 1875 ~ 456,749 | 1,859,846| 100,815 2,417,410 
Philadelphia and Erie 

Railroad, 1874 wes 2,515,685 
Decrease oo ose es 98,275 
Entire line, 1875 _...| 6,100,565 | 15,804,061| 767,452 | 22,692,078 

1874 e eos eee ese 22,362,983 
Increase 329,095 

















Tasie No. LXXIV.—General Average Mileage with 
Passenger Trains. 














Divisions. | Mileage. 

E Tee Srogs d 
Pennsylvania Railroad ... ots ..| 27,037 
United Railroads of New Jersey e| 22,305 
Philadelphia and Erie Railroad ... | 22,837 





TasiEe No. LXXV.—General Average Engine Mileage 
with Freight Trains. 





Divisions. | Mileage. 
Pennsylvania Railroad . a A tn me wa 23,014 
United Railroads of New Jersey an | 18,762 
Philadelphia and Erie Railroads % - 20, 








TasLe No. LXXVI.—Greatest Engine Mileage with 
Pussenger Trains. 


























‘ Number 
Divisions. of Mileage. 
Engine 
ao Railroad one ‘ 193 48,312 
United Railroads of New Jersey ...| 914 58,344 
Philadelphia and Erie Railroad | 1002 37,463 
TaBLe No. LXXVII.—Greatest Engine Mileage with 
Freight Trains. 
| 
Divisions. ~~ of Mileage. 
Pennsylvania Railroad __... 521 | 39,140 
United Railroads of New Jerse 633 31,814 
Philadelphia and Erie Railroad 1020 | ; 











The following Table No. LXXVIII. contains the 
average number of cars hauled per engine mile, 
and the number of pounds of coal consumed per 
car per mile. 

TasuE No. LXXVIII.—Average Number of Cars hauled 
per Mile, and Number of Pounds of Coal conswmed per 

Car per Mile. 


























Passenger. Freight. 
Cars. | Coal. | Cars. | Coal. 
Pennsylvania Division : 
Philadelphia “ 5.5 | 8.1 | 21.3) 43 
Middle ... pie eos 6.7 6.1 | 32.6 2.7 
Pittsburgh ... ove 5.2 | 9.4) 16.0] 5.5 
E> sary “ie we ae 3.0 | 15.7 | 9.2 | 11.8 
est Pennsylvania ... 3.0 | 13.3 | 12.8 | 5.3 
Lewistown a one 1.5 | 28.7 7.2 6.6 
Bedford... ‘i ove 2.0 | 17.2 | 12.3] 52 
Average ... id 6.3 | 85/215) 42 
New Jersey Division: 
New York _.. + 5.6 | 10.5 | 23.7 | 3.8 
Amboy ... 2.6 | 15.5 | 11.7 | 5.2 
Belvidere 3.9 | 11.0 | 27.2 | 2.8 
Average ... on ..| 4.7 | 11.2/22.8! 3.6 
Table No. LXXIX. gives a summary of the 


information in the foregoing Table, a comparison 
with the corresponding consumption in 1874, and 
the average number of tons hauled per car. 

Lastly, in connexion with this part of the subject, 
Table No. LX XX. contains the mileage made with 
the passenger equipment for 1875. 





BRANFILL’S EARTHWORK MEASURER. 

WE illustrate on page 159 two diagrams for the compu- 
| tation of earthwork recently designed and published by 
Mr. J. A.C. Branfill, 6, Westminster Chambers, Victoria- 
street, Westminster, which possesses the advantages of 
simplicity in working and a very close approximation to 
accuracy. When the surface of the ground in which the 
cutting to be computed is formed, is practically level 
the contents may be correctly calculated, either by 
taking a mean areaor a mean depth. But if the ground 
slopes longitudinally, the mean area will give an excess, 
and the mean depth a reduction on the actual amount. 
For this reason the contents of slopes are generally esti- 
mated separately, but the various tables published for 
this purpose make no allowance for side-lying ground, so 
that if the surface slopes transversely the quantities will 
be below the true amount. The diagrams we are considering 
are based on the mean areas, the area due to depth at any 
point being considered to rule for one chain, because as 
above stated it gives a result somewhat in excess of the 
truth, and thus makes an allowance for slightly side-lying 
ground, while for steep ground the diagram is to 
measure the contents of slopes of 1 to 1, and also the extra 
amount due to the dip, The limits of the diagram are: 
width of formation 60 ft.; depth of cutting or bank 50 ft. ; 
slopes up to 2} tol. In the diagram Fig. 2 is —r 
for computing the contents of a cutting or one 
chain in length, and of amean depth. A movable radius 
bar, indicated in the engraving by the lime A Y, and 
turning on the centre A, is set to the formation width of 
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MILEAGE AND COST OF RUNNING AND REPAIRS OF THIRTY-SEVEN ENGINES DURING ONE MONTH. 


TABLE No. LXX.—PENNSYLVANIA RAILROAD, MIDDLE DIVISION. 


(See opposite Page.) 
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BOILER EXPLOSIONS 























Fie. 138. 


Tue subjoined report of Mr. E. B. Marten, the 
chief engineer to the Midland Boiler In ion and 
Insurance Company, on the boiler explosions during 
the year 1877, shows, we are glad to say, that not 
only was the number of explosions during that year 
considerably below the average of the four years pre- 
ceding, but also that there was a most material reduc- 
tion in the number of ns killed or injured, as 
will be seen from the following summary : 


Number of Number of 

Year. paste Persons Persons 

P - Killed Injured. 
1873 78 57 85 
1874 76 77 198 
1875 68 81 142 
1876 39 93 110 
1877 44 4 75 


This record shows that the number of explosions 
last year was somewhat greater than in 1876, but 
that they were err 4 less fatal, the sad 
disaster on board H.M.S. Thunderer having mate- 
rially increased the numbers of killec and injured 
during the year before last, Altogether. considering 
the rapid rate at which the use of steam power 
is yearly increasing, the figures above recorded are 
hopeful, and tend to show that there is a steady im- 
provement going on in the construction and manage- 
ment of steam boilers. 


During the year 1877, records were obtained of 44 
boiler explosions, causing the death of 54 and the injury of 


——— 

the 129 persons killed or injured, 5 were owners, 
eee eaeeeens Comenee enor ueee: ne 
nee were women ; 10strangers ; 
unknown. : 











Fie. 14. 





The Explosions happened at Works used for the following 
Purposes : 





No. Kd. In 
Mills of various kinds 8 8 4 
Iron works a oni eve 7 19 4 
Collieries or mines 6 38 5 
Brick works one 410 2 
Marine ... wie one eco SS me 
Farming... om eco 5 2 3 
Railways... Ss x 
Brewing ... 210 
Glass works is ont wt in Ea 
Lime quarry... sie ese os a-@.& 
Heating... —~ ‘ 7 a on 
Not ascertained... 1 0 0 

Total ... 44 54 75 


The causes of explosion are arranged under the follow- 

ing heads as in former years: 
. Faults of Construction which may be Prevented by 
Inspection before Starting or after air. 

No. = ~ No. Kd. In. 


Stays giving way 2 

Seam rip vik 211 2 

Imperfect weld 7s) SS 
repair... es -@ 

Bad construction 3 4 1 

Weak tube... se Ss 





13 18 37 


B. Faults only to be Detected by Inspection. 
External i 8 6 oy, 


COrrosion «.. 


Internal corrosion 6 38 $8 


C. Faults which could be Prevented by Attendants. 


Shortness of water ... 6 4 


Over pressure ... 5 17 2 
Deposit ... ai ie 4 6 19 
Extraneous..... ee 1 0 0 
Not ascertained 

Total... 


14 9 ill 


16 27 26 
oe ee | 


4 54 75 


IN 





1877. 














The exploded boilers were of the following descriptions : 
The causes are stated as in the summary, the" general 
heads being indicated by the letters A B C. 
Cornish or Lancashire. 
—_, In. No. Kd. In. No. Kd. In. 














Bad repair ... on 24 0 
a {War hae zs 24-693 
; -—— 3 0 2 
B SS - 3 4 0 
Internal corrosion... 2 1 2 
fee 5 2 
Shortness of water 1 0 0 
C + Over pressure ao & 8.3 
Deposit ‘a 3 4 ll 
— 5 12 12 
18 17 16 
. Plain Cylinder. 
A pr rip. “<i oe 
Bad repair ... . “ss 
218 
B { eel corrosion 3 0 4 
Internal corrosion... 2 0 il 
—5 0 5 
C {Deron water... 3 2 0 
Deposit os ~~ eo © 
— 44 8 
—— 11 5 16 
Marine. 
A Bad construction ... aoe 7, ae 
C i Geese of water... 1 2 2 
Over presssure Pe a ee 
eee 
——3 ll 3 
in’ tiebiciol Locomotive or wet — 
ys giving way ... 
B Internal corrosion... 2 2 0 
C Over-pressure es Beco 
—— 5 3 3 
Tubulous. 
B_ External corrosion... 5 4.. 9 
Furnace Upright. 
A Steam rip in 1 il 27 
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Fie. 29. 


No. Kd. In. « 2 i, they point to the usual well-kn 


B_ External corrosion... 


Shortness of water... 





A Imperfect weld 
C Over-pressure 


ore convenient to make up the an 
plosions to the end _ yan, anata a Ie cal 
com: in August, w usual re- 

port is made as to th ak 
theboilers underassuranceand 

obtained by the courtesy of the 
rise, some may have 























No. 4. February 6th, 2 4 
1 in. long, 7 ft. 1 » 
pressure. Tubes 


The records for 1877 are only of av 


4.) 
tube, 21 yearsold. 15 ft. 3 in. long, 
meter, yg in. plates. Pressure 50 Ib. Two tubes 
long, with smokebox beyond 
at back end was 


usual iron works have furnished the most 
fatal explosions, which is hardly to be w 
sidering the large proportion of steam power required for 


diameter, 6 ft. 6 in 
such heavy work, and the necessity enforced by modern " 


1 competition of using the waste heat from furnaces for gene- 








on — part of attendants. 


_ 
So -— wb 
oo - 


especially as they are liable 
4,42 water fo allowed fe avé lew 


rating steam, the best form of boiler for doing this safely, 
_ still a mama ow nan ; - 
proportion causes of explosion could have 

3:0 8 been by careful inspection, or more watchfulness 
ternally fired boilers of the Cornish and Lancashire class 
with varieus modern modifications, 
more used than the older form of p! 
no matter of surprise that they furnish the most 
to ruptures of the tube if the 


are becoming so much 


————— | No.1. (See Fig. 1.) January Ist, 2 killed, 2 injured. 
44 54 75 | —Marine, multi , one of four, 
nual records | both ends. The crown of the left 


f No.2 (See Fig. 5. eo 
ts of interest of a 0. 2. . 2. 
i ion. | 6 ft. 2 in. long, 3 ft 5, ate Tube l 


this company, render- ing, was unfit to 
classification under the re Plans. 


may differ from others 


tothe in- | Sverdended 4o 120 Ib. 


btained ; but it is hoped they ill be found No. 3. (See Fig. 3.) » none 4 
accurate to be of use to the men having the Plain cylinder, 16 ft. 6 in. long, 2 ft. 10 in. 
boilers, for whom . Flat ends. badly 





they are especially intended. | plates, 30 Ib. pressure 








t 
Tt was also supposed that the 
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250 yards. 
bi gave way oa the firebox e ie and wrapped ves 
round the chimney, presenting |the appearance shown in 


. 9. 
je. x 13. (See Fig. 10.) April 9th, 2 killed.—Circular 
oe om five years old, 15 ft. long, 7 ft. diameter, 
jin. pla 25 Ib. pressure. Rupture commenced at a 
fective anaes the side next the other boiler. More than 


= of - =~ blown through the side of the vessel, 
it to 
“— 4. April 29th, 7 killed, 1 injured.—Marine, 7 
old 53 1b. pressure. the were 8 

‘or some ht repair, the front of the port boiler was 
blown out. It was found afterwards that the valves a 
been down, so that the steam ‘accumulated to nearl 
double the working pressure. The boiler was so corrod 
= Ss to be fit to bear safely even the ordinary working 


PPNo. 1! 15. Ghee Fig. 11.) April 30th, 1 killed.—Cornish, 
one of reed 8 years old, 15 ft. 4 in. long, 4ft. din. ‘diameter, 
in. 50 lb. pressure. Tube 2 ft. 3 in. diameter, } in. 


The rupture commenced in the last 

tn the bottom, where they were corroded 
resting on the midfeather wall, extending into the next 

a and then dividing and passing round the boiler so as 
almost divide the shell into two parts, the end plate being 


oy _ the shell. 
— Ist, 1 — .—Portable, multitubular. 
Two of She af stays of firebox gave way, through being 
worn, and let the steam into the fire, and throagh the 
furnace doors, severely s the driver. 
No. 17. (See Fig. ay? ay 3rd, 3 injured.—Plain 
cylinder, 10 ft. ee 3 ft. Gin. diameter, vs in. Fate, 30 Ib. 
boiler was ex on the right 
RY ey aie Gone yoy he 
the acnyeme 3 joint. The shell was opened t, the 
two erent 
Ith, 2 killed 1 injured. —Vertical, 8 ft. 


high, 4ft. din. diameter, }in 
dome of the firebox callapsed, the reaction of the issuing 


contents the boiler =. into the air, and 40 yards 
from its ori position. The dome was made of very 

ee eee trial nnd was rodaced fo thickness o A so as 
No. 19. (Bee Figs 1 ine _ 8th, aoe fe a 1 injured.— 


in. plates, 901b, 30 Ib. 


Cees, = long, 5 
sft. okey er. lade 
Pabe coll be ealaped fr its whole length crown of the drat 
Saeed wn yards away, whilst © boiler i 
cues tak bees siaalien emetion anh fo once: 
n si some time, accumtu- 
_— was more than the could bear. " 


mr ino Fume Oth, 2 billed. — 


Portable, 
in. diameter, 43 Ib. 


was very much corroded bot 
and gave w wwhilot olny tested, 


= 


i 


it 


No. 22. Fig. 15.) es gee t Ay gr 
from end to end waling'ive ofan 
née, vate, ring 
killing its occupant. 


Cornish genes tus new, 26 ft. 58.8 
Reta Ib. pressure. be Sft. 
oa 
isting content nts blew te the fire 
across a street, and 

eres — == 

8 o v- 
weeking proeare: deer poco 


The eee Eat he teeoneetion 
upwards 0 
. it fell on a et holes, ke 


of plates scattered 
hie ae from | bo 


"| Boiler 


owing to its furnace standing, and where 
been done, es. upa seam rip. The 
spread round the boiler, allowing the bottom part | gin 
to open out to be blown against the brickwork 
to 6 or 7 fragments. 
thus ae were thrown 
rye 


which was 
repair had Ia 
rupture s 
of the shi 
of another boiler and then 


then ro! am pope h ft its top, and 

| ea ge waa struck, waa blo blown Tek into the air and 
No. 26. (See. 19.) 5 & ota dye erry 

second-hand 4 years ago, 20 —— S35 

» | plates, 60 Ib. Tobe af "7 in. diameter, } in. 

ha The tube had been inefficiently repaired, and 

so weak that it was quite unfit for the working solaein, 

vet | end collennel from end to end. Moreover the weight on 

the 14 valve had been altered, increasing the pressure 


to 103 Ib 
No. 27. (See ~; & July 12th, 1 injured.—Plain 
cylinder, at least boreal 18 ft. long, ft. diameter, 


pin. plates, 38 lb. pressure. ure commenced in 
he second seam from front end at the water where 
reduced by internal corrosion to a thickness of } in., two 
rings of plates being torn out. ape frend eee aes 
were thus liberated and thrown in ee 

No. 28. July 26th, 3 injured.— tical, on em 6in.| igh, 
3 ft. 6in. diameter, in. $2 lb. pressure. 
crown of the furnace being 4 ane , and weshened 
by shortness of water, gave way, and the reaction of the 
issuing contents caused the s ‘to be torn right off the 
iron —_ — and blown 100 ft. into the air, falling 100 

No. 29. * "sale 29th, 1 injured.—Plain cylinder, one of 
four, 40 ft. long, 3 ft. 9 in. diameter, # in. plates. An old 
seam-rip in one of lines of rivets of the end gave 
wom, Se the plates bulging outwards, and the issuing contents 
: a good deal of the masonry, without moving the 
er. 


No. 30. (See Fig. 21.) July 30th, 1 hilled, 1 injured. — 
Saddle, welded joints, 2 ft. long, 2 ft. 3 in. wide, 1 ft. high. 
Used for heating purposes. It was being tested by steam, 
when it gave way at a very insufficient weld. 

No. 31. (See Fig. 22.) September 11th, 1 killed, 2 injured. 
—Locomotive, 130 lb. pressure. The stays in the mid- 
feather gave way, in consequence of theis heads and the 
my goa te worn by the action of the fire, and reduced 

m 4 in 

No. 32. (See Fig. 23.) September 14th, none injured.— 
Cornish, one of two, 14 years old, 34 ft. long, 6 ft. a 
fin. plates, 44 1b. pressure. ube 3 ft. Gin. yaad jin. 

tes. The tube collapsed from weakness, on account of 
its large size and not strengthened sufficiently. The 
rent first commenced at the third cross seam from front, 
at the junction of the old work with some new plates lately 
put in. 

No. 83. October 2nd, none injured.—Vertical, 50 Ib. 
pressure. The firebox bulged in and was torn from the 
outer shell, at the ring seam of rivets at the bottom, whilst 
the shell was divided ute two parts, and blown over a 
church, one part falling 85 yards and the other 100 yards | 980 
away. There being only 3 in. the firebox and 
she , there was not sufficient room for the proper circulation 
of the water, — eated and made 


unfit to bear the 

No. 34. (See @. 24) October 9th, none injured.— 
Plain cylinder, one ‘e three, 10 years old, 54ft. 6in. long, | > 
5 ft. 6in. diameter, 7; in. plates. The first rent took place 


on the right side over the fire where weakened by over 


The | heating through shortness of water, the front end and two 


ge ee = being blown off and divided into two —— 
No. October 13th, none injured.—Plain cyli 
one of six, 11 years old, 95 ft. long, 5 ft. diameter, it 
plates, 45 lb. pressure. Said to be an unmistakable case 
of low water and red-hot pate, The plates over the fire 
were blown 100 yards to the right, the greater of the 
boiler lifted from its seat and thrown backwards. 

No. 36. (See “> 25.) October 17th, 1 “Gin a .—Plain 
cylinder, aay d, 


6 ft. 6 in. long, att. in. diameter, 
+ in. plates, 50 lb. pressure. JDished one 
circular patch 
duced by external 


sbietiaeny sae Gaiah tn ahah wee 40 eo 

corrosion, that it was unfit to bear the 

usual pressure. A piece 1 ft. 9in. by 1 ft. 4in. 

was blown out, whilst the rest of the boiler was thrown 
Sor Santas db conde, 

No. 37. iQctober 22nd, 2 nn ey | valve, 65 Ib. 

. The engineer had turned on the steam first 

his ready for starting, when the 


‘ Fig. 26.) October 23rd, rie lL injured. | wee 
—Cornish, 14 years old, 14 ft. Sin. long, 4ft. in. diameter, 
{ in. plates, 251 25 Ib. pressure. Tube 2 ft. 2 in., TT Gin. 
neter. Rent first commenced at the first longitudinal 
seam under front end, where the rivet were com- 
fended along the away, and the plate reduced to ps in., ex- 
along the ivided the shell into three 

The tube was also broken into two pieces. The 
was completely worn out and had been very badly | ¢} 


(0. 39. October 23rd, none injured.—Galloway, 60 lb. 


gave the ~ 
ont ag in. wide, caused 


wards, forming an 
ere thee file pags, bat th eid net 


water. There were 





. The first ‘seam of rivets over the fre in the | ings 
fett-hand furnace — en 





No. 41. November 13th, 1 injured.—Steam pipe of boiler 
on — a steam ferry, exploded, severely the en- 


— * 42. (See Fig. 28.) November 17th, 3 killed, —- 
-—Cornish, one of six, nearly new, 18 ft. long, 5 ft. dia- 
meter, + in. plates, 60 Ib. pressure. Tube 3 ft. diameter, 

Heated from a furnace at back end. —— commenced 
at the bottom at front end, where inj by salt deposit 
running along both longitudinal continuous seams, an 
a the bottom right open. 

No. 43. (See Fig. 29.) November 20h, 2 killed.— 
Cornish, second hand, 22 ft. 9 in. roy 6 in. diameter, 
| din. plates. 60 Ib. pressure. Tube 3 ey The 
shell was blown into seven pieces, the ‘front end being 
thrown 80 yards, and the middle => yards. It was 
much corroded on the sides and the bottom of the shell, 

in places onl - Adee thick, and quite unfit to bear the 
pressure. The tube which was not pipes showed 
bat slight signs of shortness of water. 
No. 44. (See Fig. 30.) December 8th, none i d.— 
Vertical, attached to travelling crane, 7ft. high, 2 ft. 10 in. 
diameter, # in. plates, 55 1b. pressure. Blown into several 
pieces, explosion being caused by the crane toppling over 
into a deep quarry. 








NOTES FROM THE NORTH. 
Guasaow, Wednesday. 
Glasgow ee Market.—Last Thursday oonenn : 
warrant market was steady, and business was done at 51s. 4d. 
to 51s. 5d. cash, also at 51s. 7d. one month, the market 
closing with buyers at the — 


asking a shade more. ae 
were sellers at 51s. 7 one month, and 51s. 5d. cash, and 
buyers very near. y's market was strong at the 
opening, and prices ge 1d. ton higher. That sum 
was lost however, close was the same as on the 
previous day, fear 1 wie above the closing prices of 
the usiness was done in the m 
at 51s. 6d. to aie - cash, and 51s. 8d. to 51s. 7d4. 
month ; and in the afternoon at 51s. 5d. cash and 51s 
one month, the week cl rather sellers at the afternoon 
prices. There was a decided flatness at the comes © of 
the warrant market this week, ‘and prices steadily declin declin 
to the extent of 24d. per ton from last week’s el om 
actions. ee the oye market iron c hands 
to the extent of 3000 tons at 51s. 34d. cash 14d. down ; 
pe y+ receded to 51s. 3d. cash, at which. buyers 
he afternoon 5ls. 2}d. cash and 51s. 44d. 
one month were Pr apes 
buyers at 5ls. cosh, and Sls. 


and the mari closed with 
4d. one month, 
sellers asking ia re, ton more. Y "3 warrant 
market was quiet, and Ley Agee of another 
. per ton. peer em. done during the forenoon at 
5ls. 2d. cash, tod the market closed with salle aking 
51s. $d. cash and Sis. 5d. one month; and during the 
afternoon businss was done at 51s. 2d. cash and 51s. 43d. 
one month, buyers remaining at the close at those prices, 
and sellers asking jd. per ton more. The market was 
again flat this forenoon, when business was done in war- 
rants at 51s. 2d. to 51s. 1d. cash, the 


buyers at the lower A atcagre 5. and 
cash. There was uiet market in 
and prices still further Gillend sellers ¢ asking 51s. 1a. 
ag buyers off 51s. Some jbusiness was done at 
A is sap eigen saain aa teal 
again into a very stagnant s which is y 
due to the unsettledness of the political atmosphere and 
= uncertainty of the immediate future. Speaking ge- 
is not improving, and the near ~~ ont 


one 


the spring shipping season has not yet produced the usual 
inquiries and sodkeass. _ The present pects for the 
the spring e are very discouraging, Makers quotations 
are unchanged, but in dealers’ of 


parcels 
brands may be obtained at prices lower than the official 
rates. On the 23rd instant the number of blast furnaces 
in operation throughout Scotland was 86, or one less than 
last week, the number in blast at the same time last year 
being 117. It is announced that two furnaces are about to 
be blown in at the Ardeer Iron Works (Messrs. Merry 
and Cunninghame’s), after standing idle for about nine 
months. The remaining two, which are still out, will not 
be a in operation for some time, not till they have been 


cing tho furnace gases. Last week’s shipments from 
all Scotch ports poke to 5124 tons as against 6559 
tons in + meres week of last year. A further 
— vag et been o1 out of store last 
Fei Wy sock with th aaa — ae or 
y night, was ns, thus showing a or 
the week of 248 tons. 

Royal Scottish Socie Aotommt meeting of this 
society was held on eaten 
attendance, and Mr. 
the chair. Mr. John 4 Kerr 
-_ tive of the 

hcg ag 


ving instances of the danger 
pipes within houses. 

Edinburgh and sie hore 
this society was 
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STEEL PLATES. 

It is universally allowed that steel plates made 
from a metal in a state of fusion, cast into an ingot, 
and then hammered and rolled, are much more likely 
to be mechanically homogeneous than iron plates 
made up of a number of pieces welded together by 
hammering and rolling. We use the term homo- 
geneous in the sense in which it is usually employed 
when speaking of the difference of structure in steel 
and wrought iron. ‘To the soundness or homo. 
geneousness of steel plates is due the freedom from 
lamination and blisters, the more equal tenacity and 
ductility lengthwise and crosswise, their bearing 
cold flanging and bending so well in all directions, 
their standing being solid drawn like copper or lead, 
and the severe cold punch test they are able to bear, 
compared with best Yorkshire plates. Homogeneity, 
however, does not mean absolate uniformity of struc. 
ture. In a om. Free steel plate, we may. find 
different degrees of ductility and hardness, by which 
differences in structure are implied. The homoge- 
neity of steel plates is almost universally as 
at unconditional advantage. With this general 
opinion we do not, however, entirely agree, and 
it ap to us that its unchallenged acceptance 
has uently led to many of the cases of disap- 
pointment occasioned by the failure of steel plates, 
and their being now considered untrustworthy by 
nA sound witig Of ey nee ee 

soun very rior and brittle iron 
plate, having a tenacity of, say, i tats and 18 tons 


respectively along and across 
ductility of | 8.5 and 15 per cent. Pond ve ingins 


may be broken by a single blow with a hammer. 





A sound strip of steel plate of the same dimensio 
having a jouer | of 36 tons and an elongation o 
10 per cent., will resist a much severer blow, or a 
number of equally severe blows oft repeated. Should, 
however, the strips have a very slight fracture at the 
part affected by the blows, either at the sides or 
edges, such for instance as might be caused by the 
careless use of shears in bad order, the conditions 
of comparative resistance may be completely altered. 
A suinhat of light blows may now break the steel 
strip, which will not injure the iron plate, By being 
in a state of tension the tendency of the een 
to break before the other will be further in 4 
The flaw or incipient fracture, which will scarcely 
affect the strength of the iron, may seriously affect 
the strength of the steel. By a slight accident of 
finish, what would naturally be considered the 
tougher and stronger, may actually become the 
more brittle and less trustworthy material. This 
appears to be the explanation of what has fre- 
quently taken place and been ascribed to capricious- 
ness on the part of the material. The ne ax 
of a hard plate with a roughly-dressed or undresse 
edge may cause an incipient fracture in a plate, 
When this plate is placed in the shell of a boiler 
tested to 10 tons or 12 tons per square inch, or in 
the firebox of a locomotive, and exposed to varying 
strains due to changes in the pressure and tempera- 
ture, these incipient fractures pass, sometimes 
suddenly, into'the body of the plate, often avoiding 
the rivet holes in what has been called a mysterious 
manner. This apparent caprice is doubtless due in 
great measure to the homogeneousness of the 
material, 

When the plate has not suffered from tempering, 
the resistance of the material is practically uniform 
and the fracture tends to pass in a straight line, 
being readily extended by jarring or vibrations. 
Inan iron plate, owing to the want of homogeneity, 
and the unequal resistance at different points of the 
material, the fracture often takes such a direction 
that it is not affected by jarring even when the 
plate is strained, and allows the stress to spring the 
plate, without tending to increase the fracture, 
which is tantamount to having ‘the ductility of the 
material increased indefinitely. This is especially 
the case where the iron plate is stretched in the 
roa aera of ite fet , wh 

e possible advantage of a want of homogeneity 
may be roughly illustrated by the well-known ex- 
pedient of arresting the progress of a fracture in 
an iron plate by drilling a hole at the end of the 
fracture and inserting a rivet. The want of homo- 
geneity tends to arrest the progress of a fracture 
along or across an iron plate, as lamination arrests 
the progress through the whole thickness of a 
plate of a fracture on one side, the starting of 
which in the first instance may have been indirectly 
due to the presence of the lamination. Apart from 
the advantage a {stranded wire rope possesses for 
coiling and uncoiling compared with a solid rod of 
similar thickness, there is an element of strength 
imparted by the mere fact that the severing of 
one strand does not impair the efficiency of the re- 
mainder, and this is very important in many 
situations and — to which copper, steel, and 
iron ropes are applied. 

Where there is a tendency for the stresses to 
gradually work open the material, as at the root of 
a flange in the furnace tube of a Cornish boiler, 
and where there is no injurious chemical action of 
the water, a tough steel flange will resist fracturing 
longer than an iron one, but when the fracture has 
once been started, the structure of the steel tends 
to make it go much more quickly. 

We have in the above inquiry s sted the 
quality, viz., ductility, that is wenied order to 
counteract that which tends to make the homo- 
geneity of steel a positive drawback, causing the 
material to give way without warning. In 
few veces awe aay plates, My otige 3 7, ae 
same ductility as ordi iron plates, are ski 
treated, such plates can ter successfully nasil 
a . ati the general > ‘at boiler-makers om 

ip rs, @ greater ductility is necessary for 
the successful use of steel than is required for iron 


plates. 

Accurate knowledge on this branch of the strength 
of materials is still venting. It is, however, pro- 
bable that the stronger less ductile the steel, 
the greater will be its resistance to the starting of a 
rene, We Wage 2 arte has once been started 

r 


: 


ductility, and tly the 1 
the tensile strength, the more suitable the tmateriay of 


for resisting the further progress of the fracture, 





. 


especially where there are i ig strains or strains 
ere 


of varying intensity, and w e material is in a 
state of tension. To all cases where the strain is 
unequally distributed, as at the overlap of plates in 
tension, the greater the ductility the more uniformly 
will it allow the strain to be distributed over the 
section, 

The soundness of steel plates ia not quite so 

neral as is often taken for granted. The blow- 
holes or honey-combing commonly found in the 
ingots are certainly not always removed by the sub- 
sequent hammering and rolling of the material. 
Some steel manufacturers affirm that the metal sepa- 
rated by the bubbles of air or gas cannot be welded 
together by the work done upon the material in the 
ordinary process of making it into Leer Others 
maintain that the metal round the holes in the body 
of the casting, which is clean, does become welded 
together, whilst the metal round the blow-holes, 
which has a film of oxide on it, can never be welded 
by any amount of subsequent hammering and roll- 
ing. Where the metal round these blow-holes does 
not get welded together, the holes become flattened 
out in hammering and drawn out in rolling. They 
sometimes appear as streaks or lines on the surface 
of the plates, and these lines cannot, in many cases, 
be regarded otherwise than as incipient fractures 
the spreading of which, the structure of the rest of 
the material, especially if at all hard, is so badly de- 
signed to resist. We have here another reason for 
getting as ductile a steel as possible. 

It, however, unfortunately happens that the softer 
and more ductile the material, the more spongy 
and honey-combed it is likely to be. We have then 
until lately been in this dilemma, that the greater 
the ductility we succeeded in obtaining, the greater 
was the risk we ran of having plates unsound, thus 
incurring the very fault we require the ductility to 
withstand. One way of getting out of this difficulty 
was shown by Mr. Bessemer long ago, this plan 
being to compress the steel whilst in a state of fusion. 
Subsequently this plan of compressing fluid steel 
was carried out by Messrs, Révollier, Biétrix, and 
Co., in France, and later still at the Neuberg 
Steel Works, in Austria, while in this country Sir 
Joseph Whitworth has carried out this mode of 
treatment for years and has devel it most suc- 
cessfully for certain ep onsidering the 
nature of the plant required, however, there appea 
to be little chance of this system of workin fiolig 
adopted for the commercial production of blooms 
for the manufacture of steel plates, and hence 
recourse must be had to other modes of obtai 
soundness, That a vast advance in this direction 
has been made in the past two or three years no one 
who has watched the p: of our steel manu- 
facture can possibly doubt, the employment of 
ferro-manganese having been attended with most 
important results as regards the production “of mild 
steels. There is also no doubt whatever that our 
steel manufacturers are fully alive to the importance 
of ductility in the Y pra they luce, and the 
leading firms are and have been for some time past 
turning out material which is very satisf in 
this respect. At the same time this material re. 
quires proper treatment, and it is with a view of 
promoting this treatment that we have in the fore- 

ing article dwelt oe the influence which the 

omogeneity of steel plates appears to us to exert 
on the powers of such plates to resist incipient 
fractures. 





THE “INFLEXIBLE.” 

THE Times of Wednesday last contains a remark- 
able paragraph in their naval and military intelli- 
gence, which to many readers will appear unintelli- 

ble, but which on closer inspection will perha 

found suggestive of the ion in which 
Admiralty Constructors have decided to increase 


the | the stability of the Inflexible and to remove to some 


extent the danger of her capsizing in action when 
the ends are destroyed. We give the p bh 
below in full, although we know it must be an‘in- 
correct version of what is taking place or about to 
take place, from the manifest absurd! ' of several 
of it, and from the internal which 

e whole affords that the writer, while 
he is probably in the main as to the nature of 
the work to be undertaken, has been entirely misled 
as to the reasons for undertaking it. We are glad 
to learn that steps are being taken to 1¢ Iuee if pos- 
sible the travel of the guns Ou the slides, as recom- 
mended by the recent Committee, to reducé the risk 





capsizing, and are lad to learn that a 
determined ifort is’ to og hin to complete the 
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- vessel as quickly as possible, We wish we could 
feel as certain that the Constructors and the Board 


of Admiralty were fully alive to the necessity 
of adding largely to the vessel's stability when the 
ends are destroyed. The hope of their being able 
to fall back on water ballast to effect thisin a naval 
actioa is entirely gone, as we showed in our last 
article on this subject, and there is nothing left but 
to alter the ship or to run the risk of her being 
capsized, or having to withdraw from under fire in a 
discreditable manner with her sea-going qualities 
crippled, and her fighting elements comparatively 
uninjured. 

Of these last two alternatives one would sacrifice 
the crew and send a thrill of horror through the 
country, the other—and of two evils the least-—would 
cover us with shame, and fill the officers and crew of 
the vessel with intense disgust at the craven figure 
they were cutting in face of the enemy and of the 
world, No minister could stand up under the odium 
such events would cast upon him, and we therefore 
believe the Inflexible will be altered before being 
put in commission, As we have intimated above, 
we think we discern signs of a movement in this 
direction, 

The paragraph in the Zimes alluded to above is as 
follows: ‘“‘In consequence of the great beam and 
weight of the Inflexible and the necessary depth and 
capacity of the docks which are required for her 
accommodation, it has been found that special pre- 
cautions will be necessary to prevent her being in- 
jured during the process of docking for repairs or 
cleaning. She will weigh, when complete for sea, 
about 12,000 tons; oa it is evident that if this 
enormous mass of iron, as the water is pumped 
away from the hull, were to be supported merely by 
the blocks and the top row of shores, the weight of 
the armoured sides would subject the whole struc- 
ture of the ship to enormousstrains. The danger of 
a collapse from this cause was provided against at 
the time of the launch by shoring the double bottom 
and by the erection of struts and props at the points 
of greatest pressure, and similar precautions will be 
necessary every time she is docked as the water 
leaves her and she feels her own weight. To obviate 
the chance of injury arising in these circumstances, 
it is proposed to build a ledge of strong T irons 
in wake of the citadel at about the water-line, 
filled in with teak chocks above and below. At 
certain distances apart there will be spaces left in 
the under chocks as supports for the heads of shores, 
upon which the ship will be maintained in posi- 
tion as the water parts company. The ledge will 
also serve as a rubber to prevent damage by boats 
coming alongside. Up to the present time about 
340,000/. has been spent upon the hull, of which 
one-third is for labour and two-thirds for material. 
The recommendation of Admiral Hope’s committee 
that the travel of the guns in the turrets should be 
reduced is being considered by the Elswick firm, by 
whom the gun-gear will be supplied. Great exer- 
tions are being made to get the Inflexible ready for 
her steam trials in May, and extra time is being 
worked on board for the purpose.” 

The idea that a coating of wood is to prevent 
damage to 24 in. armour plates from boats coming 
alongside is more audacious than anything yet put 
forward, even in the Parliamentary Biue Books on 
this ship, The parallel drawn between the pre- 
cautions necessary for docking the vessel and P ve 
nece for launching is not apparently so absurd, 
but it is equally fallacious. The danger of inj 
to the bottom during launching is obviated in all 
heavy ironclads “by shoring the double bottom 
and by the erection of struts and props at the points 
of greatest pressure,” or by means which expressed 
in technical language amount to much the same 
thing. It is a vastly different thing, however, in 
docking, and if the Inflexible’s bottom has been 
made so weak that she cannot be docked as other 
ironclads without the danger of collapsing, it is a 
defect scarcely less serious than that arising from 
her deficient stability. 

It was not without much hesitation and research 
that we became convinced of the errors made by the 
Constructors’ De ent in regard to the stability 
of a vessel of su itude and cost as the In- 
flexible, and we should hesitate still further to 
believe they have aoe to are) her the ordinary 

n margin of struct strength. View- 
ing the position on the vessel in which ny external 
coating of timber referred to in the Zimes is to be 

» &far more obvious and natural explanation is 
that it is to be fitted to increase the vessel's breadth 
at the region of the water-line, and thus to increase 


the stability of the citadel. As such it is welcome, 
however unsightly it may appear, however it may 
impede the vessel’s speed, and although it is a make- 
shift as humiliating to see adopted in a new vessel 
as it would be unsafe as a means of security to be 
trusted to permanently. 

This expedient for augmenting the stability by 
the addition of a wood doubling outside the armour 
has, of course, been foreseen, as one among many 
which could, and must sooner or later, be adopted 
in the Inflexible. It is certainly not the best nor 
the wisest mode of doing so, and is, perhaps, scarcely 
excusable even under the urgent necessity for 
completing the ship soon for active service. It 
would, however, be something to get her four 
80-tons guns afloat in the Mediterranean in however 
bad a ship, especially as they will meet there no 
ordnance so heavy, except it is the 100-ton guns of 
the Italian ships Duilio and Dandolo, but those 
ships, as we have said before, and as every naval 
architect knows by this time, are in an infinitely 
worse plight, as far as stability goes, than the 
Inflexible herself. We have dwelt more than once 
on the support Mr. Barnaby has endeavoured to 
draw from the Italian constructors during this con- 
troversy. It will be interesting to watch whether 
they will now remove the obligation by taking a hint 
from the latest phase of the Inflexible case, and 
coat the Duilio and Dandolo with wood outside the 
armour, ¢o afford support in docking them! We are 
not told what thickness the wood on the Inflexible 
is to be, but whatever it is it will do some good, 
and we shall be curious to know whether in the two 
Italian ships it will be a sufficient number of feet 
thick to give them the necessary stability under the 
same plea of affording facilities for docking them 
with safety ! 


THE SEWAGE QUESTION. 

In a letter which we published in our issue of 
January 25, Mr, Robinson takes some exceptions to 
the views we have expressed in our ‘Sanitary 
Summary for 1877,” at page 48 ante. The point to 
which he draws attention is the paragraph com- 
mencing, “‘ The sewage question still remains in 
statu quo, &c,,” concluding with the words, ‘It is 
evident that both this science and engineering have 
hitherto been baffled by the question.’ 

If our readers peruse this paragraph they will see 
that we have not said one word about the future, our 
remarks are restricted to hitherto. Lf they peruse 
Mr. Robinson’s letter they will find that he con- 
firms all we have said, indeed goes further, for he 
shows by what errors present failure has been 
caused, But if Mr. Robinson will peruse the 
various articles that have appeared in ENGINEERING 
during the last six or seven years, he will find that 
we have long ago anticipated his suggestions as to 
the future. We have constantly urged that no in- 
dividual scheme has yet been brought forward that 
is = ae of universalapplication. We have advo- 
cated a consolidation of irrigationists, precipita- 
tionists, &c., so that by various adaptations a general 
plan might be arrived at for the solution of the 
sewage question in every place where sewers exist. 
In fact, the company with which Mr, Robinson is 
now identified, the Purification of Rivers Associa- 
tion, has really been formed on the yp we have 
so long advocated, a statement which his coadjutor 
in that company will at once agree to. 

But as the question of past failure and future 
rogress has thus been reopened, we have no course 
Tet but to briefly trace, as regards irrigation and 
precipitation, the history of those individual or 
corporate attempts which have been most pro- 
minently brought before the public; and we shall 
have the less difficulty in doing so from the fact that 
we are in possession of the most minute details of 
their existence during the last seven years, drawn 
from sources that cannot possibly be called into 
question by the parties interested. We shall 
select for our —— Mr. Hope’s farm at Romford, 
the Croydon Farm, the Native Guano Company, 
the Phosphate Company, and the General Sewage 
and Manure Company, thus examining the most 

rominent schemes that have been before the public 
rom 1870 to 1878. 

The history of Mr. ~e My: farm at Romford, may 
be commenced in 1870, by referring our readers to 
the Fortieth Report of the British Association of the 
meeting at Sta in that year, page 61. An 
account is given of the character of the soil, sewage, 
&c., in minute detail. A continuance of the history 

ill be found in each succeeding volume of the Pro- 














ceedings of the Association, affording a most elabo- 





rate investigation of every possible detail in re 
to the amount of sewage applied, the quality'and 
uantity of crops produced, &c., up to last year. 

e may sum the whole up by stating that whatever 
could be afforded by science, general intelligence, 
capital, and judicious management, was brought to 
bear on the undertaking by Mr. Hope. This 
gentleman had the rare combination of enthusiasm, 
guided by mature Peer’ and practical know- 
ledge. Then why did he fail? The question is easily 
answered by his own words, which we quote ver- 
batim from a pamphlet entitled ‘‘ Food Manufacture 
versus River Pollution,” 1875. He says, page 31: 
‘* The first season, before I had laid out more than 
half my farm, I obtained magnificent results, both 
in vegetation and money; but no sooner had I laid 
out the whole farm, than almost every operation 
which I had carried on was a ones disappoint- 
ment .... I formed theory after theory to account 
for this... . ButI confess I was not prepared 
for the very simple solution which I eventually 
obtained.” 

To shorten a long account, which has led to heavy 
lawsuits between Mr. Hope and the Romford Board, 
we have only to quote the following words in Mr. 
Hope’s pamphlet, p. 32: ‘It — that during 
the whole of my tenancy, ins of a population 
of 8000, as promised, there have only Soon 4500 
persons whose habitations were connected with the 
sewers.” It appears that there were large leakages 
in the sewers, and Mr. Hope affirms that ‘‘ from time 
to time the whole volume of the sewage has been 
turned by the servants of the board bodily into the 
river.” 

We next turn to the Beddington farm, near 
Croydon. Thehistory of this may also be read in 
the reports of the British Association for the years 
above alluded to. We shall, therefore, confine our 
remarks to the financial statements furnished by the 
authorities to the Society of Arts for use at the con- 
ferences in 1876 and 1877. At page 48 of the 
pamphlet for 1876 we find that the loss to the parish 
of Croydon on ten years’ working, ending March 25 
of that year, was 5441/. 16s. 6d. At page 49, 
we observe that for ¢he year ending same date in 
1876, the loss was 2317/. 13s. 8d. In the next 
year’s pamphlet, at page 60, we find the loss for the 
year ending March 25, 1877, was 2227/. 6s. 10d. 

So far for the financial results of the two leading 
sewage farms in England. We could add similar de- 
tails of another, but as this would be a breach of 
confidence we have only to state that in this case 
the results were possibly still more discouraging. 

We next turn to the Native Guano Company or 
ABC process, In 1870 the company widely dis- 
tributed a pamphlet entitled (if we remember rightly) 
“The Sewage Question ed.” In the same year 
the company had Leamington and Hastings in 
actual operation. At Leamington (whose sewage 
is the richest in England) they produced a manure 
which was sold at 3/. 10s. per ton. Despite all the 
reports of the Royal Rivers Pollution Commission, 
the neighbouring farmers sought the manure with 
avidity, From June, 1870, to July, 1871, the de- 
mand was so great that it was impossible to kee 
any in stock, nor indeed to supply the demand. 
In 1871 the sewage was handed over to the Earl 
of Warwick, pursuant to an agreement with the 
local authorities made two years previously. The 
Hastings works, after a short existence, became 
the subject of a Chancery suit, and for many reasons 
we remark no further on their history. 

Meanwhile the company had works erecting at 
Bolton and Leeds, At the latter place a large 
amount of engineering difficulties to be over- 
come, but ogg hes works were put into opera- 
tion in October. When in full order the results may 
be briefly stated. As a rule, with the exception of 
Sunday, the sewage arriving at the works is as 
black as ink, But to show the purifying effect of 
the A BC, we may state that on one occasion a few 
gallons of the effluent were taken by one of the 
contractors for the building into and intro- 
duced at an hotel as a sample of the “new spring 
water” about to be ~— by the corporation. A 
visit to the works on the following day, however, 
proved the efficiency of the A B C in purify- 
ing sewage as bad as could be found anywhere in the 
kin, As regards the Leeds manure it has been 
favourably reported on by the authorities, but we 
cannot share with them in so favourable an opinion. 

The company then obtained the ission of the 
Metropolitan to erect works at Crossness. 
We have already given full details of the result at 





the time (1872), Suffice it to say that while Mr. 
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Keates fully approved of the effluent, he showed 
that the cost and value of the manure did not bear 
out the expectations that were formed of it. We 
add no more on this point for obvious reasons. We 
are glad to find, however, that the local board of 
Aylesbury, where the company now operate, passed 
last week a unanimous resolution that the ABC 

rocess had, as a purifying agent, fulfilled their 
utmost expectations. 

The remaining two companies may be briefly 
noticed. The Phosphate Company, as its name 
indicates, was formed to carry out Mr. Forbes’ 
patent for using a phosphate of alumina obtained 
from an island near San Domingo. Into the history 
of this company it is unnecessary that we should 
enter. Suffice it tosay that a week or two ago, the 
whole of its affairs were in the Court of Chancery, 
and an order for winding up obtained. 

Similar remarks apply to the General Sewage and 
Manure Company. This was formed to carry out 
Dr. Anderson’s process at Coventry. Financial 
difficulties of the most extraordinary character 
threw the affairs of this company into Chancery for 
winding up. The process, however, is now carri 
on by the Purification of Rivers Association with 
great success, that company now receiving a subsidy 
from the corporation of Coventry. 

In conclusion, we think that we have amply verified 
the remark we made in our summary at page 48 ane, 
‘‘ It is evident that both chemistry and engineering 
have hitherto been baffled by the question.” Our 
readers may easily trace the causes of failure. 1. 
In every case, expectations of profit were enter- 
tained that had no basis in fact. 2. In each case 
when difficulties arose fresh demands for capital had 
to be met. 3. The capital thus supplied was ex- 
pended on any means that suddenly presented them- 
selves. This is especially true in reference to the 
difficulties incident to the drying of the mud ob- 
tained by the precipitation companies, 4, In each 
case there was the common error of expecting the 
same results from different kindsof sewage. Hence 
the failures of Mr. Hope, and of the Native Guano 
Company at some of their places. Lastly, in regard 
to business points of view, both irrigationists and 
Pe pre have been ruinously unsuccessful in 

ancial matters through want of proper attention 
to their expenditure, staff, machinery, and material. 
The total public loss cannot be less than 500,000/. 
during the last seven years, of actual capital, but 
if to this we add speculation on shares of those 
companies whose names were quoted on the Stock 
Exe e the amount would be fabulous. 

We have thus impartially and we trust fairly 
traced the history of past attempts. In this, as in 
all previous articles, we have endeavoured not only 
to show the cause of failure but its remedies. The 
field of operation for sewage treatment is enormous, 
and if the subject be takenin hand calmly by science, 
and diligently by business habits and common sense, 
the prospects, both for the companies and the public, 
are most encouraging, 








AMERICAN TELEGRAPHY. 

At the ordinary general meeting of the Society 
of Telegraph Engineers on theevening of Wednesday 
the 13th February, Mr. W. H. Preece, M.I.C.E., and 
Vice-President of the Society, delivered an instruc- 
tive and entertaining lecture on ‘‘ American Tele- 
graphy.” Owing to the remarkable electrical in- 
ventions which have recently emanated from 
America, the subject is one of considerable interest 
to English electricians at present, and Mr, Preece 
had an ample opportunity of becoming acquainted 
with it during his visit to America in the spring of 
last year, in conjunction with Mr. H. C. Fischer, as 
a special commissioner appointed by the Postal Tele- 
graph authorities to report on telegraphic progress 
in that country. The lecture was in fact an account 
of their telegraphic experiences there, the results 
they obtained, and the conclusions they arrived at. 

Messrs. Preece and Fischer arrived in New 
York on the 14th of April, 1877, and were cordially 
received by the various telegraph officials there as 
well as elsewhere throughout the country; and 
ee ue was shown to give them information 

nd o nities of studying a tus, From 
New York they proceeded to Philadelphia, Balti- 
more, and Washington, then crossed the Alle- 
gheny Mountains to Cincinnati, Indianapolis, and 
Chicago. From Chicago they passed into Canada, 
and returned to New York by Montreal, Quebec, 

The tour occupied several 


Portland, and Boston. 
weeks, and during that time they were able to see 








all the different American systems of working tele- 


graphs. 

he American telegraph companies are different 
from ours in their constitution, The president is 
not only chairman of the board of directors, but 
general manager, and the vice-president also under- 


takes administrative duties, having a branch under 


his control, These are both paid executive officers. 
They are all private companies, and together they 
form a very large system. Accurate statistics of 
their extent and conditions could not be obtained, 
partly owing to the number and variety of the com- 
panies, and aig A to the fact that some of them do 
not publish their statistics. Mr. Preece was, however, 
able to arrive at the following general results. In the 
United States and Canada there are altogether about 
300,000 miles of telegraph wire in operation. Of 
this total the Great Western Union Company, 
United States, possess 195,000 miles, the Atlantic 
and Pacific Company, United States (formerly a 
rival but now amalgamated with the Western Union 
Company), ess 36,000 miles, the Montreal Com- 
pany, Cai , have 20,000 miles, the Dominion Com- 


ed| pany, Canada, 7000 miles, while the remaining 


companies have about 40,000 miles between them. 
This enormous total mileage is — by 11,660 
stations, and carried 284 million of messages durin; 
last year. Sixty million dollars he pg have 
been sunk in it, but it would be difficult to say how 
much has been lost. The Western Union Company 
alone has absorbed over at least 200 smaller com- 
panies. 

The small local companies are a peculiar feature 
of American telegraphs. There is the Gold Stock 
Company, which promptly advises merchants or 
exchange — ; the Law Telegraph Company, 
which enables lawyers to consult with each other 
through a central office without leaving their 
chambers; the district and domestic companies, 
which help city and suburban people to dispense 
with messengers ; and the street fire alarms for 
warning fire brigades of the outbreak of fires. In 
addition to these there are the lines belonging to the 
railway companies, and the military telegraphs on 
the Indian frontiers out West, which are daily em- 
ployed in transmitting meteorological observations 
fod weather forecasts. ‘‘ Old Prob’s” weather- 
warnings are as much an institution in the United 
States now as Pullman cars and iced drinks. 

The tariff for messages in America is not uniform 
as with us, This is probably due to the variety of 
the companies, and the immense distances there. A 
ten-word text with the address of the receiver, and 
only the signature of the sender free, is the basis 
of a message. Over and above this a charge per 
word is made. For short distances, what is called 
the ‘local tariff,” is 25 cents. (1s.) a message for 25 
miles or under, and 50 cents. (2s.) for 50 miles or 
under. Another tariff is called the ‘* square tariff.” 
The whole country is partitioned into 50-mile 
squares, which are‘ known by their distinctive num- 
bers, and the tariff for a message from any place in 
one square to any place in another, is regulated by 
the distance, as the crow flies, between the centres 
of these two squares, For a distance of 100 miles 
the charge is 40 cents., for 200 miles 50 cents., for 
1000 miles 1} dols. For distances over 1090 miles 
what is called the “ state tariff” isin vogue. This 
is determined by the distance between the states in 

uestion. It runs from 2 dols. to 3 dols. for ten words, 

here are also ‘ special rates,” ‘‘ half-rates,” &c., 
for which we have no equivalent ; and one may send 
a message ‘‘ on collection” there, that is, the pay- 
ment to be collected from the receiver. ‘This system 
of * collect”? messages is not liked, but it has crept 
into use. A more satisfactory practice is that of 
‘‘ deferred”? messages, whereby a message written 
in the evening is despatched during the slack time 
of the night and delivered the following morning. 
They are useful where the letters take two or three 
days to go. Between New Orleans and New York 
nearly half of the messages are ‘‘ deferred” (the 
tariff of course being reduced for such messages), 
and of the whole Western Union messages 13 per cent. 
are of this kind. 

Public messages are dearer in America than in 
England, If the latter be reckoned at a ls., the 
former amounts to about ls. 10$d., but the average 
distance in America is about eight times as great. 
Mr. Preece does not think that the press arrange- 
ments are as good ac ours, and more press messages 
are sent with us. In England about 700,000 words 
are transmitted every night, and 2,000,000 delivered 
every morning to the newspapers, whereas there is 
only about one-tenth part of this done in the States. 


There the American Press Association, which col- 
lects _ news, forwards it sg — cheek news- 
papers by an arrangement with the telegraph com- 
caoles at the low rate of from ] to 10 cents. per 
word according to the distances. The average rate 
charged for these messages to any part of the country 
is 4s. for 100 words, and an extra copy can always 
be had for 2s., orhalf therate. In England the ave- 
rage rate for a like message is ls,, and only 2d. is 
charged for an extra copy. Government m 

in America are sent at a fixed rate of 1 cent. per 
word for every 500 miles, These are very numerous, 
as also are free messages, which are often given in 
the form of a grant to railway companies for some 
concession in return, 

The telegraph is a favourite service in America. 
It is an exceptional thing to find any person who is 
not familiar with its modus operandi, and many 
er practise signalling, The Harvard students 

ave instruments in their quarters and form them- 
selves into telegraphing clubs. The doings of 
telegraphers all over the country are chronicled in 
the professional prints. The consequence is that 
operators take a keen interest in their work, and are 
ambitious of excelling. Many of them become ex- 
ceedingly skilful manipulators, It is not uncommon 
to find a clerk who can send with his right hand 
and ‘‘time” with his left, and it is even said that 
one of them can send a message with one hand and 
take down another with his other hand. There isa 
large demand for operators owing to the enormous 
extent of-the system. The average sa is 192/. 
a year, whereas in Europe it is only about 80/, 
Female operators are not quite so largely employed 
as in England. 

A variation on the ‘‘ Morse” code of signals is 
used in America, Certain letters are abbreviated so 
as to save time, but Mr. Preece is of opinion that it 
leads to errors. 

Extreme simplicity and uniformity characterise 
the engineering of American telegraphs, The details 
differ from those of England, because of the difference 
in climate, distance, material, and means of locomo- 
tion. There, as in England, the first lines were 
erected along the railways, and at a later time the 
roads, The average cost of a single wire line is 
from 100 dols. to 150 dols, per mile, that is to say, 
about the same as with ourselves, There are very 
few underground lines; and the consequence is that 
even the busiest thoroughfares and the most 
beautiful avenues are disfigured by unsightly wires 
and posts. Mr. Preece counted no less than four 
separate lines in one street of New York. Some of 
the poles are remarkably tall and fine, being from 
90 ft. to 96 ft. in height. Such lines are not put up 
without great cost. : 

Submarine cables are as much a rarity as under- 
ground lines in the United States. There are, how- 
ever, several cables across the East and Hudson 
rivers at New York, of seven conductors, and 
weighing about eight tons to the mile. They are 
frequently injured by the anchors of the shipping 
in the river, sometimes as often as five or six times 
a day, and a small steam-vessel is ever on the alert 
to free and repair them, 

American poles are usually of white or red cedar, 
or chestnut, which grows very straight ,there ; 
and on the Pacific coast, pine. They are never 
are with creosote or copper sulphate, and last 

rom twelve to twenty years. In England an un- 

reserved pole only lasts seven or eight years; but 
in America the climate is much drier and the wood 
is cheaper. Cedar poles cost from half a dollar to 
a dollar a piece. The cross-arms are generally of 
white pine. Although ungalvanised wire is some- 
times used, the tendency is to employ only galva- 
nised wire, and the testimony in its favour for 
durability is unanimous. The gauges in use are 
Nos. 6, 8, and 9, the former being used for long 
distances and the latter for short lines. 

The American electricians have introduced the 
excellent Fam of specifying and testing the elec- 
trical conductivity of iron line wire, a practice con- 
fined to submarine cables in England hitherto, but 
now adopted by us. The resistance usually specified 
for No. 8 wire per mile is 14 ohms. To combine 
conductivity with strength they have also invented 
a compound wire formed of iron covered with 
copper by an overlapping strip or an electro-plating, 
The experiments made with this wire point to the 
likelihood of our ultimately obtaining a line wire 
combining the strength of No. 8 with the con- 
ductivity of No. 4 and the lightness of No. 16. 

The Britannia joint, so well liked here, is not in 





favour in America. They prefer a curiously twisted 
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int sitsichs ts dipped inalatives selier. Soldering | on 500 mile lines in America, but in England it|ash-pit doors were closed, to: Surplus air. 
ae recently was by no means universal in America, | could only be got to put out 200 words a minute. In March, 1867, this method Lg — fuel 

i ; ines i erally the result of forest | 7* "7 . = ne ape te a Dail J.C. and J. Field, 
especially in Canada; and Mr. Preece related that; Damage to lines is generally the resul South non of 0, 2 
a certain joint which had been 23,500 ohms re-| fires, falling trees, sleet storms, or lightning, There| power, 5 ft. 6 in. in diameter, witha 3-f. flue. The resul 
sistance before soldering fell to 1400 ohms on being | is an almost total absence of mechanics at the tele-| of several days’ iments showed an average of 19 Ib. 
soldered, graph stations, all the apparatus being made at/ of water evapora ear porn of galt fot. boiler pre- 

The common insulator is a plain green annealed | workshops in the large towns. 3 : ; a So lb ‘per .~ pF ree coal. 
lass cup, which is fixed by screwing on a wooden} ‘There are 145 meteorological stations in the — vat oocke cenieon Eeceun ee boiler, at 


ket. The wire is simply bent one turn round 
the top, and is not bound with smaller wire. No 
shackles, and very few struts or stays are em- 


ployed. 

The earth wires or lightning rods to be seen on 
every post in this country are rarely to be met with 
in America. Ostensibly put up here for protecting 
ey are found to be valuable 
r preventing wires from leaking into each other in 
The American lines are not much 
subject to this leakage, however, and although thun- 
derstorms are more frequent and violent there than 
here, less damage is done to the lines, owing, per- 
haps, to the vast extent of country over which they 
are scattered. When a line is struck, however, the 
damage is usually very great, as many as 200 poles 


— against lightning, 
0 


wet weather. 


having been destroyed by a single flash. 
Immunity from b 


and America and England are about 
point. In America the electrical an 


apparatus, and the operators being 
for testing and repairing of the lines. 


duties of our lineman. 


simple way to within ten miles of its true position. 


American lines are mostly worked on the “ closed 
circuit” system, in which the circuit ordinarily 
closed is interrupted in the act of sending a signal. 
In England, the open circuit system is invariably 
als being made by closing the cir- 
The closed circuit system enables ‘“ way” 
stations to dispense with a battery, since the battery 
need only be stationed at a terminal station of the 
Mr. Preece is of opinion that for long 


employed, si 
cuit. 


circuit. 
circuits the open circuit system is the best plan, an 


the Americans themselves are now coming round to 


this way of thinking. The “sounder” is the prin- 
ci 


terminal station. 


visit to the States has been its more rapid intro- 


duction into the postal telegraphs. On the long 


American lines “ translators’ or “repeaters” are 
inserted, sometimes two or three, as between New 
York and Chicago or New York and New Orleans, 
in order to forward the message with an accession 
of strength; and it is remarkable that the rate of 
transmission does not seem to be diminished by 
their employment, while in Europe, in working 
from London to Odessa, for example, they render 
the speed slower. 

The duplex systems in vogue are Stearn’s, 
Winter’s, Naskin's, and Gerritt Smith's. ‘There are 
besides the ordinary simplex and duplex modes, 
diplex, or two messages in one direction at the same 
time, contra-plex, or two in one direction, and one 
in the other simultaneously, the quadruplex of Edison 
and of Prescott, a sewa-plex method still in its ex- 
perimental stage, and the multiplex or telephonic 
systems, Quadruplex, which is a union of duplex 
and diplex, has been introduced into England and 
is giving every satisfaction on the London to Liver- 
oe circuit. Multiplex, which »ppears to be Mr. 

. F. Varley’s system of superposing undulatory 
current signals on the ordinary Morse or sounder 
signais, has been worked on the Chicago to Du- 
buque circuit with success, Printing instruments, 
on the principle of Mr. Hughes’s type printer, notably 
those of Mr. nae acting superintendent of the 
Western Union Telegraph Company, and of Elisha 
Gray, are largely employed, especially for trans- 
mitting prices, ison’s automatic, which gives the 
amazing speed of 1000 words a minute on short 
circuit, is far less rapid on lines of considerable 
length. It gives from 500 to 600 words a minute 





downs and rapidity in re- 
pairing them are the criterion of a well-kept line, 
ual on this 

operating 
staffs are combined, the general manager of an 
office being responsible for the condition of the 
nsible 
here is 
no inspector as in England, but his place is 
taken by a superintendent, who also performs the 
The testing is less scientific 
than with us, galvanometers are rarely seen in the 
offices, and such is the high insulation of the lines 
that it is no uncommon thing for the chief operator 
to localise a breakdown by the intensity of the re- 
turn shock on his fingers. Mr. Preece stated that 
he had himself seen a fault localised in this amusingly 


receiving instrument in use, an American 
telegraph office generally containing only a sending 
key, relay, and sounder, the battery being at a 
The sounder is a handy little in- 
strument, and one of the chief fruits of Mr. Preece’s 


















































































United States, and the conditions of the atmosphere, 
the rise and fall of rivers, the occurrence of wrecks, 
and the approach of storms, are all spread over the | i 
country by telegraph. ‘Time is distributed in the 
same way. ‘Telegraphic fire alarms are to be found | 1 
in every notable city. They are set up at re, 

intervals in all the main thoroughfares, and the 
pulling of a handle, or pressing of a knob, suffices 
to warn the fire station of the outbreak and locality 
of afire, In addition to this, so highly trained are 
the firemen, that Mr. Preece himself saw an engine 
fully uipped start from the station eight seconds 
after ‘the arm gong had sounded. Automatic fire 
alarms in connexion with the fire stations are also 
in use. Most of the private houses in the large 
cities have a ‘‘ domestic telegraph,” with which 
they call a cab, or a doctor, by communicating with 
a central office. 

The organisation of the American telegraphs is 
characterised by great elasticity. There is an 
absence of routine; each man is left,to act on his 
own responsibility, and he knows that his success 
depends upon his own efforts. Invention in 
America is a profession in itself; men are paid to 
invent, and Mr. Edison is retained by the Western 
Union Company at a high salary and provided with 
a fine laboratory for this purpose. New inventions 
receive every encouragement there, whereas hero, 
as Mr. Preece perhaps too truly remarked, they are 
discouraged. 

With regard to the comparative merits of English 
and American systems of working, Mr. Preece thinks 
that neither is in advance of the other. The two 
countries have been working in different grooves, 
but the results are about the same. In England the 
automatic system has been developed, in America 
the duplex and quadruplex, and the resulting speed 
is about equal in both cases. Financially American 
telegraphs are ahead of English ones, and if there 
be no competition here, it must be remembered that 
our system is more distributed, so as to be at the 
service of every part of the country. 

At the conclusion of Mr. Preece’s long and 
interesting address, a vote of thanks to him was 
proposed by Mr. Cromwell F, Varley and seconded 
by Professor Hughes, 


> invention of Mr. Dor- 
sett, in which the liquid fuel was vaporised in a se 
boiler or retort, to be burned as a gas, was tried in 1868, 
the chemical works of the inventor, at tford, and also 
on board the Retriever steamer. Th its in favour of 
liquid fuel showed a red i 


too, was liable to explosion, in consequence of the deposit of 
solid carbon within tt. 

The first employment of the author’s system in metal- 
largical operations was at the Millwall Iron Works. The 
oil furnace was an adaptation of an oldscrap iron furnace, 
7 ft. square and 2 ft. 9 in. high, having a firegrate 2 ft. 6 in. 
wide and 7 ft. long. It was fitted with bricks, and was used 
as a combustion chamber. Three oil injectors played 
direetly upon the metal to be heated, lengthwise of the fur- 
nace. Frees om 1871, the results of comparative experi- 


ments that 
taken to heat the furnace with coal was 


The time 
6 hours. 

The time taken to heat the furnace by above system (5) 
was 5 hours. 

The time taken to heat the furnace by the author’s 
system (4) was 2 hours 6 min. 

In five hours and a half—the total time occupied in 
making up, together with the intervals, between the charges 
—ot pallens et liquid Spr were oregon ing at the 
rate o' ions per hour. Twenty-one piles of sera 
each of 2 cwt., ware changed into the fusmnce; ar & total ef 
weg of iron taken out was 37 ewt. 

of 4 cwt..921b., or 114 per cent. The 
furnace consumed 6720 Ib. of in twelve hours to keep 
up the heat, against 1405 Ib. of liquid fuel, showing a ratio 

43 to 1 in favour of the oil, the consumption of which 
was at the rate of 17 lb. per hundredweight of iron. The 
loss of iron treated by coal was from 22 to 25 cent., 
whereas with liquid fuel it was only 11} per cent. by system 
64 per cent. by system 5. 

The author, in 1875, proceeded to Canada, to experiment 
the reduction and smelting of the refractory iron ores of 
that country, many of which were magnetic, and contained 
See cent. of titanic sand. The sole object of these 
ials was to prove that the Canadian ores could be success- 
fully treated by means of petroleum as fuel. The experi- 
ments proceeded satisfactorily, and pig iron was readily 
produced from the ore; though it was found that oil fuel 


xperiments were interrupted 
by the severit; and not until recently 
had the ref; ry and other ores been smelted and re- 
eeng at a minimum cost by liquid fuel or native petro- 
eum. 

The results of the use of liquid fuel in Russia and other 
foreign countries were given in the , together with 
the conclusions of Mr. Isherwood, chief engineer of the 
United States Navy, on its employment in steamers. 

The author made the general deduction that, although 
liquid fuel might be burned without the employment of 
steam, yet it was consumed most economically, and with 
the best results, in the ce of steam ; , of course, 
the more highly superheated the steam, the better was the 
performance. 


NOTES FROM THE SOUTH-WEST. 





LIQUID FUEL. 

Ar the meeting of the Institution of Civil om 
held on Tuesday, the 26th of February, Mr. W. H. 
Barlow, Vice-President, in the chair, the paper read was 
on ‘‘ Liquid Fuels,” by Mr. H. Aydon. 

It was stated that gee specifically adapted for the 
combustion of liquid fuels, which comprised every class of 
fluid hydro-carbons, might be ranged in five classes. The 
leading principle of their action was either the subdivision 
of the liquid as spray, or by percolation through a porous 
bed, or by preliminary conversion into vapour—when the 
fuel.was mixed with air, or with air and steam, by the in- 
strumentality of jets of steam or of compressed air, or it 
was burned simply as gas in jets. The earlier of 
arte J. eo in which Y= = fuel, — with 

eated air, perco' upwards through a porous bed, was : 
tried at Woolwich Dockyard, but the performance was not | pA ur New Gunboats.—Orders have been received st 
stistaciory, for black smake and soot were, dochargedfn | Reubts Dockyard fo commence, balding, the guntost 
such abundance as speedily to choke the flue-tubes and ennaaile e: per, in the Na: pe Pn since 1872, but 
stifle the draught. By a subsequent improvement, in which | 240) year _ then the —— “not to be proceeded with 
a mixture of steam was introduced with the fuel, a much yet s ed : P t last th 
better performance was effected—the quantity of water at Lo amy have been plac opposite pe oy 
evaporite inving been ieresed from Gh hs per pound of | t0,0,bo commenced in earns, and probably as son a 
fuel to from 7 Ib. to 18} Ib. per pound of fuel, though the | their construction A nertein amoant of work was 
formation of dense smoke was not prevented. The per- actually done u n them in-1872 part of the forgings of the 
formance of coal under the same boiler amounted to an ~ oe unos ted and ther 
evaporation of 8 lb. of water per pound of coal. peas nfo serepere as one mailto “ built this nee 4 

© system of Messrs. Simm and Barff, in which the Pee be wtilised onthe ah outline of the vessels will 
liquid fuel was vaporised in a retort placed in the furnace, ; ba ‘elthieterss Gex@ieysnadidindditein Will oxo 
and burned in jets, was tried in 1868, on board the yacht | Font. casio oat in tie design, Oniginally the, vessels 
Minnie. Thequantity of oil consumed amounted to one-| 5005 to be Sded with a pony fo which the guns 
third only of the corresponding quantity of coal. The ald be londed, otal after “beis elevated to fire would 
and with better results, as the intensity of the combustion ; : to fire in the 
was increased, and smoke was prevented. be dispensed with, and a * pe thger: Paw we 

Tn the fourth . oy patented Be the author, in con- pony by ~ pa oe Guat ~ ane Yard, and it is 

iso and Mr. Fietd, in 1095, the liquid ent on the urgent representation of the officers that 








uel was s » by the injection of the liquid | york is needed for the men, and not in d ar 
; beg we ; : , any way due %0 Wi 
into the jfurnace by the gene ge ~ Lae preparations that the gunboats are to be proceeded with. 


Nantyglo and Blaina Iron Works Company dented) 


Messrs. J. Lancaster and Co., late if 


Wigan Coal and Iron Works, have arranged to take the 


Blaina Collieries on lease from the Nantyglo Company, and 
there is also a rumour that Then intent negotiate for & 
of : Nantyglo Company have 


lease of the blast furnaces. The 
now let the whole of their collieries. 
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Labour in South Wales.—The representatives of the men 
on the South Wales and Monmouth®hire Sliding Scale 
Committee recommend that the 5 per cent. con to the 
employers for three months from the 1st of January, 1878, 
8 continue to be accepted so long as the average prices 
are as they were found to be by the authorised accountants 
in June last. 

Swansea.—The trade of the port during the past week 
has been brisk, the coal exports abroad having been 
17,956 tons, as against 13,506 tons in the previous week, or 
an increase of over 4000 tons. There has also been a 
better inquiry for prospective freights, and prices have had 
a decidedly upward tendency, with considerable firmness 
throughout. Steam coal is quoted 10s. to 10s. 6d. per ton. 
House coal (retail) is quoted at 13s. 6d. large, through and 
through, 12s. 6d. The tin-plate trade continues brisk with 
an increasing demand and firmness in prices. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Proposed Reduction of Miners’ Wages.—It is stated that 
the members of the South Yorkshire and North Derbyshire 
Coalowners’ Association will meet next week for the pur- 
pose of deciding upon a general reduction in the miners’ 
wages. Already alargenumber of mer are under notice 
at some of the pits of the non-associated employers. 


The Great Eastern Railway Eztension.—Last week an 
influential meeting of coalowners, presided over by Mr. 
A.M. Chambers, of Thorncliffe Collieries, was held at 
Barnsley for the purpose of meeting a yop from the 
Great Eastern Railway Company, as to their proposed new 
line from Long Stanton to Askern, near Doncaster. It was 
shown how greatly the coalfield would benefit by this com- 
petitive route to the metropolis and eastern counties, and 
a resolution was approving of the scheme. The 
colliery owners have long complained of the heavy railway 
charges for coal to London. 


Water Supply of Dore.—The Sheffield Water Works 
Company has commenced the laying of a large main from 
Heeley in order to insure a supply of water to Dore. 


The New Monckton Main Colliery.—At this large new 
pit the works are making g progress. In the No. 2 
shaft the drawing machinery, cage, &c., have been fixed 
and are nearly ready for drawing coal out of the work- 
ings. 

New Railway Station at Belper—The Midland Com- 
pany’s new station at Belper has now been made ready for 
use and will be opened on March 3. : 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron_Market.—Yesterday there was a 
good average attendance on Change at Middlesbrough. 
The telegrams relating to the position of European affairs 
were again eagerly scanned, and hopes were expressed that 
the peace negotiations would The ire ters of 
this district still adhere to their policy of endeavouring to 
regulate the supply of big iron so as to maintain prices at 
such a figure as will enablethem to carry on their works at 
a profit. Nominally, No. 3 is quoted 41s. per ton, but 
merchants assert that they buy this quality at a cheaper 
rate than the list quotations of the masters. This isa 
matter which is known only to masters and merchants. 
Not only are makers’ stocks very large, but the quantity 
of pig iron in Messrs. Connall’s warrant stores at Middles- 
brough is increasing. If there were a return showing to 
what extent merchants have bought iron from producers, 
it would not be difficult to ascertain the real position of 
the staple trade each month when the ironmasters issue 
their statistics. 





ihe Finished Iron Trade.—Continued depression 
characterises the finished iron trade. Until is de- 
finitely settled no improvement is expected. e plate mills 


are turning out a fair amount of work, and were it not for 
the activity in this branch most of the finished iron works 
might as well be closed entirely as far as the masters are 
concerned. 


Steelmaking.—The new works of Messrs. Bolckow, 
Vaughan, and Co., at Eston, are kept nae They are 
now making 1000 tons of steel rails per week, and have 
os on hand which will keep them going for a consider- 
able time. 


The Howson-Godfrey Furnace.—Several of these patent 
furnaces are being erected at the Erimus Iron Works, 
Middlesbrough, which it will be recollected were purchased 
a short time ago by Mr. C. E. Muller. It is intended to 
put the furnaces in operation in the course of a week or 
two. These works were originally erected for the purpose 
of making iron by the Danks process. 

Engineering and Shipbuilding.—There is a good deal of 
general engineering going on throughout the North of Eng- 
land, but there is nothing in hand which calls for special 
mention at present. On the northern rivers t ve 
been a number of fine vessels launched lately. The 
builders on the Tyne have a fair amountof work to do. 
Messrs. Mitchell and Co., of Low Walker, on the Tyne, 
and Messrs. Raylton, Dixon, and Co., of Middlesbrough, 
on the Tees, are each building a steel steamer. 


The Iron and Steel Institute.—This institute will hold 
their annual meeting on the 28th and 29th of March in 


London, and as we have already stated, the autumn meet- 
ing probably in Paris. 


Coke Trades.—There is no alteration in 
trades. 


The Coal and 
the coal and coke 








CONTINUOUS GIRDERS. 
To THe Eprtor oF ENGINEERING. 
Str,—Mr. Hopkinson’s letter in your last issue leaves me 
in the position of the “‘ engineer hoist his own petard,”’ 
and justly so. I might try to wriggle out of the hole on 


the ground that Mr. Fidler’s statement is more 
than his , but it would not be quite mF emer 


part, as in fact I fell into just the error which Mr. Hopkin. | * 
read his : 


letter, turned to Mr. Fidler’s 
figure, and seeing an aj t di cy, “rushed into 
print,” without, as should have been my first care, re-read- 
~—— Fidler’s text to make sure of the facts. 

ach being the case the only ong | left for me to do is to 
apologise to Mr, Hopkinson for the trouble I have given 
him, and to thank him for the courteous way in which he 
sets a right. Trusting that you will find space for this 
amende, 


I am, Sir, &c., 
PLANE GEOMETRY. 


COMPOUND ENGINES AT GAS WORKS. 
To THE EpITorR or ENGINEERING. 

Srr,—In your last week’s issue, there was a letter headed 
** Compound Engines for Gas Works,’’ and signed 
‘*Manager.’’ We would point out that in the comparison 
made, “‘ r’’ leaves out of the question the cost of 
steam boilers, their setting, chimney, &c. The difference 
in the first cost of this boiler power for the different kind 
of engines is very great, as will be seen by the following : 
For a High-Pressure Steam Engine using 10} 1b. Breeze 


son surmises. 








per Indicated Horse Power per Hour. (Figures of 
** Manager.’’) a 
Boiler power will cost, sa; 500 


Fixing, setting, house and chimney (say 


twice the cost of boilers) 1000 


1500 
For a Compound Steam Engine using 4.4 1b. Breeze per 
Indicated Horse Power per Hour. (Figures of 
** Manager.’’) 


Boiler power in the proportion of 4.4 lb. to 


10.5 lb. (figures of ‘‘ Manager’’) cost, say 210 
Fixing, setting, house and chimney (say 
twice the cost of boiler) be Pt “si 
630 


The 3d. per 1000 gallons for injection water is purely 
imaginary; such a thing as paying this amount for injection 
water has never ocew to us in practice, for ‘it does not 
require to be clean as ‘‘ Manager’’ states. Supposing a 
case where water had to be purchased at 3d. per 1 
gallons, we should recommend air condensers. 

Again, the attendance in the case of the high-pressure 
engine entails putting upon the fire 630 Ib. of fuel per hour 
for twelve consecutive hours (according to — of 
‘* Manager”’), and the attendant who has this work on his 
hands is yet supposed to see to the engine and exhausters 
at the same time. 

In the case of the compound engine, ‘* Ma ir” pro- 
vides the attendant with a stoker, though only Ib. of 
fuel have to be put on during each hour, which extra man 
is evidently unnecessary. 

Excluding the 3d. per 1000 gallons fcr injection water 
also the stokers, and — into account the cost of boiler 
power, we arrive at the following comparison, still keeping 
to the figures given by “‘ Manager,”’ although such are 
erroneous and unfavourable to the compound engine. 


High-Pressure Steam Engine. 
above) 


8. 
Interest on cost of boiler (see 





15002. at 10 per cent. ... goa 150 0 
Depreciation at 5 percent. ... = 75 0 
Interest on 30 horse power nominal high- 

pressure aie indicating 60 horse 

wer, 4501. fixed, at 10 per cent. 
figures of ‘‘ Manager’) coe Ese) 45 0 
Depreciation at 5 per cent. (“‘ figures of 

** Manager’) ... aed sis ane 22 10 
Fuel: breeze at 4s. per chaldron, and, 

say, 10} lb. indicated horse power per 

hour ( of “ Yr’ ay 547 10 
Two attendants, one for day and one for 

night, at 30s. per week (figures of 

**Manager’’) ... +e a sae 156 0 
Feed water at, say, 3d. 1000 gallons 

(figures of ‘‘ Manager)” oak ae 35 0 

Total for one year’s work ... 1031 0 
Compound Steam Engine. 
Interest on cost of boiler power (see 

above) at 10 per cent. ... ive eee 63 0 
Depreciation at 5 per cent. a F 31 10 
Interest on assumed cost of engine, 

1500/7. at 10 per cent. (figures of 

‘*Manager’’) ... aa ais ee 150 0 
Depreciation at 5 per cent. (figures of 

‘* Manager”) ... Poe es sp 75 0 
Fuel : breeze at 4s. per chaldron, and, 

say, 4.4 lb. indicated horse power per 

hour ( of ‘‘ Manager)’ fe 230 0 
Two attendants, one for day and one for 

night at 40s. per week (figures of 

‘* Manager)” ... es eee ive 208 0 
Water for injection, say... ove ow 20 0 
Feed water, say ... ‘a oad sai 15 0 


mi a wh one rah work opthe ose 792 10 — 
As ves a dafference Un Javour oO; engine 
of 2381. 10s., which will be seen at a glance by any person 
able to form an opinion upon the subject. 








We remark that our 
not so ttendance 


more 
engine, especially when the diminished cost of 
is reckoned, which cost we may observe is about 
tion to the power. 

If the to Benelli gy gh pct ed flye = vedo 
account with interest, &c., it will make the matter still 
worse for the hag begga engine. 

Regarding the other points and your correspondeni’s 
figures, we await your remarks. 

B. Donxrn anv Co. 

Bermondsey, London, 8.E., February 26, 1878. 


THE INSTITUTION OF CIVEL ENGINEERS. 
- a. THE reagent oF Sea ye pana 
18,—In considering an important and professional ques- 
tion of this nature, personal interest and other potty‘con 
siderations ought to be mye) pv oceren and the matter 
discussed fully and openly, and in accordance with the broad 
and natural laws of cause and effect, on which basis alone 
can a judicious ngement be arrived at. From what has 
been written and it is evident that all are more or less 
pre} to make changes in the bye-laws and constitu 
of Institution, but what the nature of 
should be no one seems to be in a position to determine. It 
is nevertheless apparent that few are prepared to create a 
new class of “‘ associate members,”’ or second grade - 
neers to which rank able engineers may be condemned 
an anonymous “fiat.” Whilst credit must be ac- 
corded to present and past Councils for ha’ raised the 
Institution to its present proud position of » itis 
yet only necessary to look through the lists of members 
and associates to be at once convinced that the gravest 
errors have been inadvertently committed. This is the 
fault of the system and not that of individuals. The Council 
has not nor can it ever have the means of obtaining 
biased evidence to many of its inquiries. The members 
must therefore be prepared to relieve the Council of many 
of its onerous responsibilities, and take them on their own 
shoulders, more peers, | as the election of 
Council, the members, an tes. If in 
direction were effected and the suggestions contained in the 
following letter brought into force, I am of opinion the In- 
stitution would be established on a sound basis which 
woul last ‘as long sn the peseenh conten: tampa 
exists. 


Dock Yard, Li 1, April 19, 1877. 
To the Council of the Institution of Civil Waginsert. 
Gentlemen,—I regret that circumstances will 





2 


4s 


of my attending the i + on the 25th inst. 
T therefore tab the Booty of invine me eee before you 
in writing. It appears to me ies would 
disa if the laws and tions were so framed 


as to leave the class to which a candidate was to be balloted 
for to the discretion of the members aes Se I 
ip be 


as | would suggest that a candidate for membershi 
proposed 


one member and recommended by ten other 

members of the Institution, and then I feel sure that only 
qualified men would be as members. Members 
would be sufficiently j; of their own status not to 
lower it by reco ing candidates unless fully confident 
that they would reflect credit on them, the profession, 
the Institution. A candidate ha’ responsible posi- 
tions as ‘* Resident Engineer,” or ot ise, or practised on 
his own account for at least five years, and acquired emi- 
nence, would have little difficulty in getting members 
to recommend him as a member. If on the other hand he 
were not qualified to become a member, he would, unless 
very exceptional instances, be unable to get his form 
up. I would also propose that a new title be given to the 
students (junior member), and the restriction iting the 
pe 26 years removed. It would then be at the option 
of mento remainin the class of junior members. 
the lists of associates, or to become candidates for full 
membership. The subscription should I think remain small, 
as ak 6 ae a 9p Be = the new class 
pro} y the Council, wi a great extent be young 
and struggling men. members of the i 
who are at present among the associates, could be balloted 
for as full members, on getting the suggested form for full 

ip filled up;. orif unable to do this they 


E 


= 


! 


membershi could 
enter the ‘* junior member’’ class, should so desire. 
I further think that it would be very desirable to confer 


an additional title, such as Fellow and Member (F. and 
M.I.C. E.), on all members and pastmembers of the Co: 
and such other ms as the corporate body of the 
stitution should deem worthy of the distinction. 
I am, Gentlemen, Paul obedient servant, 
C. GRAHAM SMITH, i 

It would always be open to the Council to state, on the 
ev ballot, reasons against any particular candidate 
— , and I feel sure signatures would not be given 
too freely were the gentlemen signing responsible for the 
candidate. Whether i 


4 these or not 
to be decided, and ts cone, Bp, SS qneckio®. Who is to 
w. in 
Clearly not the Council for reasons which 
mentioning. I would, therefore 


re 


judge of the merits of the 
every quarter ? 
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unnecessary. T should hesitate to address you on 
is importance, did I not know b 

that obscure objects often supply the ‘ t 

of qpeeuty insolvable problems, and so in this way are 

the means of effecting great good. 


a 
g 
E 





BLAST PIPES FOR LOCOMOTIVES. 
To Tue Eprror oF ENGINEERING. 

Srr,—In your last issue is an a of a paper by Mr. 
on ‘‘ Locomotive Boilers,’’ where the author states 
that in his opinion “that a large increase of effect (of the 
blast pipe) would be obtained by —s the exhaust 
steam into a number of small jets instead of relying upon 

one one.’ This is perfectly correct, and I encle 
you a ing (see annexed engraving) of the blast pipe 
arrangement as applied by me to sixteen engines, and to 
many others now building : Diameter of cylinders, 0.420 m. ; 
area of piston, 1385.44 centimetres; stroke, 0.600 m. ; 
diameter of wheels, 1.300 m.; weight of (tank en- 
gine) in service, 40 tons ; area of annular blast opening 
=122.65 centimetres, or 1 to 11.3 piston area. With this pro- 
portion blast is sufficiently powerful to generate the 
steam required to haul a train of 200 tons (exclusive of 
engine) up a continuous incline of 2 per cent-, and 15 kilo- 
metres long with numerous curves and reverse curves 
of 300 metres radius. For lighter work I have been obliged 
to increase the section to 155.82 centimetres, or 1 to 8.9 
of piston area; the blast is so soft as to be almost inaudible, 
an \ — say that omen — Ss Ene th can exist 
with such proportions. er advan is the insigni- 
ficant pod at of small material carried over into the smoke- 
box; the good proportions and relative positions of, blast 


pipe and chi may also have their share in the above 
good results. i blast pipe I first made in 1874, and bave 
not changed it since. 


Yours sincerely, 
C. Brown. 
Winterthur, February 20, 1878. 
CHAPMAN AND SUTTON’S PLUMMER 
BLOCK. 





We annex illustrations cf an ingenious arrangement for 
a sqlf-lubricating bearing, designed and manufactured by 
Messrs. Chapman and Sutton, of the Vulean Iron Works, 
Limehouse. It consists in forming an oil reservoir in the 
lower part of the bearing, and in which a small and nar- 
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row roller is hung on a spindle projecting through the side 
of the bearing as shown in Fig. 3. The brass is cut away 
in one point so as to allow of the roller coming in contact 
with the shaft (the weight of the spindle always keeping it 
in that position). With the revolution of the shaft the 
roller also revolves, bringing with it a continuous supply 
of oil, the overflow of which is led back to the reservoir 
from the ends of the bearing. Messrs. Chapman and 
Sutton have made a large number of these bearings, which 
are giving very satis{actory results. 


SMITH’S VACUUM BRAKE SQUIB 

ATTACHMENT. 

Tue ingenuity of Mr. John Y. Smith, inventor of the 
well-known vacuum brake, has eviden 

tested in devising a means of rendering that contrivance 

u calemalio, but he has apparently overcome this 

difficulty by a pyrotechnic six-shooter attachment. The 

arrangement consists of a chamber similar to that of a 

ver, turning on a centre pin in such a way that one 

of the barrels of the chamber may always be central witha 


















been severely | bod 
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cone, enclosed in an outer case connected with the rubber 
brake bag or other receiver it may be desired to exhaust. 
A percussion lock is fitted to this neat device, the hammer 
of which on being tripped explodes a cap, and ignites the 
c of powder (we presume Mr. Smith intends to fire 
only blank cartridges), the gases from which in rushing 
through the cone exhaust the brake bag or receiver in 
connexion with the outer case, and thus produce the same 
effect as the steam ejector on the engine. It is obvious 
that these charges can be exploded at will, or would be 
exploded in case of a train parting, or other accident, hence 
the automatic action. We do not know if this device has 
been brought under the notices of railway companies in 
this country, nor have we heard how it has succeeded in the 
United States. We reproduce the following extract from Mr. 
Smith’s specification, premising that the apparatus is de- 
signed ‘‘ more er for use in connexion with devices 
for applying brakes to railroad cars.”’ 








** In constructi 


cting ejectors of this 
shell A, which may be made of cast or of sheet metal, and 


type, I use a case or 


of any length and diameter, to , its 

y being cylindrical in form as shown, while upon its 
outer end there may be fitted a funnel as shown, or this 
projection may be of sy Baw form that will keep the 
wind or currents of air m blowing across the outer end 
of the nozzle. Upon the inner end of this case 
there is a collar A’, which closes its end with the 





exception of a small aperture a, which is left open for a 








ANNULAR BLAST PIPE FOR LOCOMOTIVES. 
DESIGNED BY MR. CHARLES BROWN, ENGINEER, WINTERTHUR. 


























purpose soon to be described. Within the case A there is 
placed a gas-discharging nozzle B, it being secured to the 
interior surface of the inner end thereof, and tapering 
gradually from that point to near the outer end of the 
_— portion, where it terminates. The outer end of 
this nozzle being smaller than the case, leaves a space or 
chamber between the two, into which the air to be ex- 
hausted is drawn — 4 the pipe B' by the gas which 
passes through the nozzle B. J ust outside or forward of 
the air induction pipe B', and upon the inside of case A, 
there is p! a conical nozzle C, the reduced aperture in 
the outer end of which is in a line with the outer end of 
the nozzle B, the object being to cause the jet of gas 
as it pee through the instrument to carry with it any 
air which there may be in the chamber D, and the pipes 
and vessels connected with it, the conical nozzle C serving 
to contract the volume of gas and air so as with aid of the 
pressure of the gas to. give them the required velocity. To 
the rear end of case A there is attached a disc E, which 
is placed eccentrically to the end of said case and is 
allowed to turn upon a bolt E', by which itis held in posi- 
tion with reference to said case. A flange which is also 
attached to the case aids in holding it and serves as a case 
for it to revolve in. To the onter surface of the disc E 
there is attached a series of tubes F, which are so placed 
that when the disc is in the position shown in Fig. 2, one 
of them will register with the aperture a in the cap on the 
inner end of case A, and as the disc is revolved the next in 
succession will be brought into the same position, and so 
on until the whole series are brought to register with the 
aperture aabove referred to. Upon the outer ends of the 
tubes F there is placed a cap which closes them, while 
their inner ends are left open. Each one of theso tubes 
near its inner end is supplied with an ordinary cap nipple 
or with other suitable means for holding a fulminate which 
shall be made to ignite the powder or fuse which is placed 
in the tubes. 

‘In order that the cap, or fulminate, may be exploded 
at any time that may be desired, a hammer G is pivoted 
to the case A, and has a cord or rod attached to it, so that 
it may be drawn up and a spring H under its rear end be 
compressed, so that when the cord or rod is released the 
hammer shall be forced down upon the cap, or fulminate, 
with sufficient force to cogieks the same, and thus ignite 
the material within the tube.” 





Iron MINERALS IN BeLorum.—It appears that the 
imports of minerals into ——- last year amounted to 
783,000 tons, as compared with 671,000 tons in 1876, and 
804,000 tons in 1875. The exports of minerals from Belgium 
in 1877 were 216,000 tons, against 166,000 tons in 1876, 
and 142,000 tons in 1875. France was the principal im- 


porter of Belgian minerals last year. 
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MAS EAS’ The New York anchorage has a similar f ion, | rent of stone yard, sowing scows, coal, &c., and may be 
NOTES ON i aie — ° 119 ft. 4 in. wide, but extended at the front so as to be | subdivided as follow: 
z 138 ft. aap nay heh. Fe Te dols. 
By Francis CoLLinewoop, C.E. the bottom across the front ground Top of t calesen to high tide, percubic yard 4.96 
(Concluded from page 121.) here had been filled in, and the excavation was continued Tih te to roadway, about Se 3.36 
* 13. Accidents.t—As is sure to be the case, these always | until a uniform bottom of clean sand and gravel was way tospringing ,, se 9.70 
happen where least , and at some weak point which reached over the whole The foundation is Becneee to Ge Fi me 12.60 
has been overlooked. A system of ion of | below tide, and has a depth of 4 ft. to 7 ft. Of this, the cost on the stone from the time it was laid 


daily inspecti: 
derricks was instituted at the start and kept up to the end 
of the work. This was entrusted to the foreman in charge 
of ri , # man of large experience. Aside from failures 

mentioned, there were several cases of straightening 
of hooks of blocks "under heavy loads. These were in every 
case, only after long, comenter use, and evidently after 
the iron been repeated] y strained beyond the elastic 
limit. In one cane, with fortunate escape from serious 
consequences, & block on a derrick split. In 
another case the ti of an unloading derrick—framework 
and all—slipped on its bed. Several serious accidents, 
all the result of carelessness of those injured, occurred to 
men guiding falls on engine drums. One or more occurred 
from defective strap brakes ; the w having worn so as 
to prevent * . r tightening. “One occurred from the 
careening ce derrick, owing to the improper 
removal Ot the hocking underneath ; and one or two from 
overbalancing- It should be stated here that these 
derricks were raised 4 ft. at a time, and supported on 
blocking, which was removed piece by piece as stone set- 
ting required. 


--+3-- 
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starts at 4 ft. above tide, and that in New York at high 
tide level. The anchor saete in nae — 
pn ps a and in New Yor! above tide. 
plan of the anch: orages is 

e The walls, both outside and ia the main tunnels, have a 
batter of 4 in. per foot rise. The exterior measurements of 
the cornice are 124 ft. by 111 ft. 8 in. at rear, and 101 ft. 8 in. 
atfront. The main tunnels are arched over by semicircular 
arches of 23 ft. span, springing at 62 ft. to 66 ft. above tide. 
The rear tunnels have vertical walls, and are arched by 
semicircular — of 14 ft. span. These were not a part 


alongside the dock, at Red Hook, a 
rg Po ermnen 1.10 dols.'per yard. If wT ym 


cost of each portion as 
ho | Get the relative coets (ale ot cost of stone) of the 


various portions about as sini number: 


Below tide... 13 
Tide to ae . 1 2 
Roadway eee eee eee 

Springing to on 39 


In other words, the first 80ft. above the roadway cost 
per pote demcode one-half times as much per yard for labour 


of the original plan, but were inserted to give means of contingencies as the 120 ft. from pr dae t to roadway, 
communication from front to rear. and the 72 ft. above spri mone 2 “ag as Brooklga tower 

For 29 ft. above tide in Brooklyn, and 22 ft. in New| . The a cost of the 
York, the stones, except over the anchor plates, are all | delivered at Hook, was about Er ad. por out per cu ce 
limestone, with rock face pitched to a line on the arrises. vere ae the way from 15 to 83 dols. per cubic 
At these heights there is a 10 in. offset carried around all vation in the 


the faces except those of the rear tunnels, and above this 


the corner stones at each exterior angle are of granite. The | B 


corner stones have a bold chamfer, 4 in. broad, cut entirely 


_JIndreates base of Masonry 


* __S____dndacatés base of comrseE 21 10/n above H vi. 


The limestone first received was lewised with round 
lewises. These were found to be unsafe, but not until one 
or two serious accidents had resulted, by stone so lewi 
falling when swinging over the work. In all subsequent 
contracts, it was specified that flat lewises only should be 
used. The size opted was such that the portion enter- 
ing the stone had a united area for the three parts, of 
about 4in. bottom width, 3 in. top width, and entering 
4in. into & stone, with a thi + Br of 9 Zin. These, 
when ras y driven, never pulled ont with any hoist 
up to 80 ft. ut when very heavy pieces of granite were 
taken to the upper urge of the tower, the 
would sometimes crack out a flake of stone, 1ft. to 2 ft. 
wide. But one stone actually fell from this cause (from a 
height of 200 ft.), but in several cases the flake came out on 
or lewis. For this reason, a still larger lewis 

afterward on the heavier stones of from 9 tons to 
11 tons weight. 

Most oat - qevions sationin tp reget sor mg gp _- 
ing. e fell from a gang-p lowing wheel- 
barrow to pull him off, and several lives of men working on 
the towers were lost by a mis-step. The force of the wind 
near nan of the work was often very great, and, 

it did in sudden puffs, it became a source of 


re Bignals. —At such a height as that of the towers, it 
was often difficult to make the men who were below un 
stand signals from those above. This became a source of 


real danger in hoisting heavy stone, as the top of the tower 
was frequently envel in mist. so as to almost hide it 
from the engineer. e wind and other noises would often 


drown the voice, and at times a sharp whistle was Le 
but faintly. Bell wires were tried, but were so liable to 
become deranged that they were sometimes sources of 
danger. By great watchfulness, the cases of over-win 
were rare, and no serious results followed. The saf 
Sera wes 8 fog, held, well out, ome y ge 
unmistakable if seen at all histle 
was also used as an additional safeguard. 

15. Anchorages.—These rest on timber Seuniaiions, with 
the spaces between sticks, 2 in. to 5 in-, and filled with 
concrete. cite, qrireme dimensions dimensions of the “tin. by 

anchorage f ion (see diagram) are 119 ft. 4 in 
132 ft. It is 4 ft. deep, Set beac to tide level, 

whole being constant. 1 Rag fig agin fwy: The 
excavation was from 20 ft. to 25 ft. deep, Pe he Se 
tion rests on a uniform bottom of fin 


* * Paper read before the American Society of Civil En- 
vel, te term is used without regard to the 
out the 





rs done A 
point 


many — very slight), the object being to 
sources of danger on such work. 











around each face, except at the pro: jecting corner, The 
faces between the chamfers have a draft 14 in. wide cut 
around each, and the surfaces between pointed to } in. pro- 
i. The limestone has the same throughout, 


The cornices are of granite, corresponding 

in oe ett to those of the towers. 

The New York anchorage contains 28,803, and the 
Brooklyn anchorage 27,113 cubic yards of masonry 

The anchor bars start from each plate in double sets, one 
curving over the other. They are vertical for about 25 ft., 
and then curve about 90 deg., so that the ss! of 4 circle 
through the lower pins is 49 ft. 6in. From this point,- 
they extend to within 25 ft. from the front edge of the 
masonry, where the cables are attached. The links of the 
first three sets have a section, 7in. by 3in.; the next 


ca Brooklyn caisson cost for labour 
including the men on top, about 5.25 a r on 
the six air compressors 


hour, or about 47 cents pet oe yard ; hahte Modded 0. 0.56 ‘als. 
more; and these with ot! equalled 
the cost of labour, The great was due to the exces- 
sive hardness of the material over much of the surface ; 
the caisson finally resting over nearly its whole extent om 
a mass of boulders, or hard pan. 

The concrete in the caisson pore ele” 50 dols. bic 


Teerepated 10,896 cubic yer 


yards ; a be | a) 
per yard for every expense was 20 ‘open ies was on 
very great ; 


tha the cost of masonry laid in the open 
The labour of manne these estimates is 
and it has not been dant ‘or the New York tower. 
16. Settlement of M ene rma of 
oe wert ne. y 3 the latest wy Bye os mage 
closing, e settlemen Dreiiee Sos wer, a $ 


time of completing the masonry 
all sali : lee, which were immediately cert the 
0.101 ft., the extremes 


ent 
work reach: water), a 

being 0.08 ft. and 0.102 ft. e average for the New 
York tower was 1} in., with a still closer ce, 
but the figures are not ‘at hand. , 

The settlement of the New York anc 
time of reaching 22 ft. above tide when the levels of all 
salient angles were referred to a tt bench mark, 
Tint renee ech on 18 tees Se aes 

erence is no doubt due e po weig' 
at the rear. The figures for the Broo xy ene are 
about the same, but are not at hand. ss 

17. Descriptiono, Hinsirations- (See two-page 
in ENGINEERING gh Rags and in Seeeas weil number 
Re Sok Plan of tracks handling stone at base of 

Fig. 2. Plan of track and hoisting frame at top of tower. 

wee 3. End elevation of track and supporting frame at 

of tower. 
.4. Part elevation of same. 
Mg 5. Details of sheave for backing rope, at base of 
wer. 

Fig. 6. Drum-counected with engine, at base of tower. 

Fig. 7. Longitudinal section of same. 

Fig. 8. Cross section of same. 

Fig. +8 section of same. ¢ 

a of tower. 

Fig. iL erie connexion of backing and hoisting 


rope, and icking-up hook. 
Fig. 12 P - ‘frame at top of f Senet 


from the 


. Side view of hoisting 
Rj track in position, with stone when ready to 








— . bc , and ager Fem ain Aas 7“ pepe: 

ten um in. in. e ed 

total weight in a fe alge her about 1,000,000Ib. At Py pe Elevation of part of track and supporting frame, 
each knuckle of the chains a la ce of granite is set, * Fie 14 sai a i 

with a heavy cast-iron plate i as a bearing for the ete Rear view of fram 

heads of the links. 8 is Fer 

Aside from these bars, there are heavy bars inserted for Fis 7 118, ame king roping mi 
attaching the cradle and foot-bridge cables, for attaching Fig. 19 Dram for on balance ht derri 
the wind guys, and minor irons for tem work. Fig f+ a rope. 

The work of exca for the Broo! anc Fie os Poon block fe hoisting 
ponte arse soy re laid Fane 26. toWork stopped November Fe 22. Traveller 

the ne une 26. ‘ovem Fig. 23. Bed of 
29, at 27ft. above tide. The approximate cost of the ig. plates engine on balance derrick. 
censon’s work, for 8334 eubic yards of masonry laid, was re. = eee Sean Snes Os ene tower. 
a _ per cubic yard, of which 13.34 dols. were for Fig. o7. i dein otal Siotiinia of meant. 

Work again June 11, 1874, and continued until Fig. = aaa 
Decem , reaching 61 ft. above bove tide; it was again re- Fis, 30. relling ring 
sumed April 6, 1875, and was co’ as far as practi- Fig. 31. pom ane 
= after cable making, Oc ber 1, 1875, “a total of Fig. 32. Stay plate. 

cubic : : 

Work on ¢ on Polk caches began about May 1, Figs. 33, 34, and 35. Long, middle, and short stirrups. 
1875, and the first stone was set August 5 ; Zia De Sree cae Spee on age PO. arenerD at 
closed Deoem mnie Sh, TONS ott pane eee masonry having “Trig. 87, Unloading derrick. 

season, at an appro “pag 
14.50 dols. per yard; ape 0, 1876, erase: Figs. 38 and 39. Sheaves at upper and lower end of 
work orp Bale mast. 
Compe ready for cable making A a 2 Details of lewis. 

been made | oy TE 45. Teele ce rick 

Tis ne cnn Neg fer eo eecdee| ie pone 
in material an as, y 

ped spre of niasons employed during the day Figs. 44 and 45. Upper and lower pivots. 
ori sectciaiota eolitnotes of tho coal ef ths Breckiyn tower 
as it stands, show ‘that the masonry for labour and con-| RArLs ror Iray.—A contract for 12,000 tons of rails for 
jocs goomyp « hing but materials used in masonry), | an Italian railway is stated to have been secured by one of 
cost per cu 7.84 dols. This includes labour, fore- | the Belgian works. The contract price is, however, low 
men, machinists, watchmen, scaffolding, wear and tear, ' and unremunerative. 
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THE “INFLEXIBLE.” 
(Continued from page 153.) 

Question 2; Clause 1.—‘‘ As to whether there would be 
any of od BF ~———s if she were placed under the 
conditions mentioned in the previous , Supposing 
that the water ballast were admitted into the double bottom 
of the armoured citadel.’”’ 

We find that under the extreme conditions assumed the 
ship even without water ballast would yet have stability, 
a would therefore float upright in still water, and we are 
of opinion that the stability that she would have in that 
condition, though small, is, in consequence of the remark- 
able effects of internal water in extinguishing rolling, 
sufficient to enable her to encounter with safety waves of 
considerable magnitude. The ship under these circum- 
stances, however, would require to be handled with great 
caution. 

The admission of water as ballast increases the amount 
of stability, and is thus of advan as against steady in- 
clining forces, but on account of the deeper immersion it 
involves it does not materially increase the range of the 
stability. When the immersion is such as to increase 
the depth of the water on the middle deck, it appears that 
the extinguishing effect of such water becomes less vigorous, 
so that in a sea-way the ship wonld in the extreme condition 
be safer with a moderate than a very large amount of water 
admitted as ballast. 

It must be clearly understood, however, that we should 
consider the ship in a very critical state, if reduced to this 
condition in the presence of a still powerful enemy. Her 
speed and power of turning would be so limited as to 
prevent her being mancuvred with sufficient rapidity 
to insure her against being effectively rammed, or so as to 
avoid a well-directed torpedo, while the small residuum of 
stability she would possess would not avail to render such 
an attack other than fatal. Her guns also would have to 
be worked with t cantion, and under restrictions im- 
posed by the high angle to which their combined movements 
would in broadside firing heel the ship. We have already 
expressed our opinion that it is in a very high im- 
probable that the ship would be reduced to this condition, 
even in a protracted e ement. 

Clause 2.—‘* Whether she would retain a sufficient 
amount of stability to enable such temporary repairs to be 
executed as would enable her to reach a port.” 

We think that the destruction, implied KY the extreme 
condition assumed, would be such that nothing effective 
could be done in the way of repairs at sea under any cir- 
cumstances. 

Question 3: Clause 1.—‘* Whether, all points considered 
in so far as can be ascertained from the designs and calcu- 
lations, the Inflexible is a safe sea-going vessel,” 

We are of opinion that in the intact condition the In- 
flexible is a safe sea-going vessel. The consideration of 
her safety when not in an intact condition proper! 
falls under the investigation involved by the clause whic 
follows. 

Clause 2.—‘* And whether, when the amount of damage 
to which the unprotected ends would be exposed in action, 
is borne in mind, sufficient provision has been made to 
insure in ali human probability her safety under such con- 
ditions.” 

We have first to consider what is “the amount of 
damage to which the hy ny ends would be exposed in 
action.”” We do not hesitate to say that the complete 
destruction implied by riddling and gutting is so extreme 
an assumption that it may be regarded as a very highly 
improbable event even in a pro engagement, yet re- 
cognising the extravagance of one assumption does little 
towards enabling us to fix a reasonable one, and there is 
no sufficient basis either of actual experience or of experi- 
ment on which to decide what amount of to the 
ends is probable. Nor can we here take refuge in Oe my 
and providing for the extreme case as covering all others, 
because provision cannot be made for the safety of the ship 
in one way without prejudice to it in another, and to give 
undue prominence to any one provision for its security 
becomes a serious error where only a just balance can give 
the best general result. For example, any extension of the 
citadel in favour of the unpro d end would necessitate a 
corresponding reduction of the thickness of the armour on 
the citadel. 

To the best of our judgment the condition represented 
under the letters e or f in the Parliamentary Papers 
is that which might be fairly assumed to represent the 
greatest amount of damage the ship would be likely to 
suffer in any action. This condition represents the un- 
protected ends completely riddled and p= ng but 
the materials and cork remaining and adding buoyancy. 
Under e the whole of the coal is assumed in place, under 
it is assumed to be removed. In adopting it we include 
any state of partial removal of material and partial riddling 
which may be ied as its equivalent. 

We find that the ship if reduced to this condition would 
possess both buoyancy and stability enough to enable her 
to face all contingencies of weather and to exercise her 
powers, subject, however, to the limitations of speed which 
may be im y the character ani position of the 
wounds in the ends, and which might be serious in 
the condition f, as explained at 14. he united 
movement of all her from the loading to the firin 

sition would not heel her more than 2} deg., and the hee 

ue to her ye highest speed attainable would not 
be an element of . The actual range of her stability 
would be not less than 35 deg.* which is considerably below 


the standard provisionally laid down by-the Committee or 7 


Designs, and referred to in the Parliamentary Papers sub- 
mitted tous. That standard, however, requires revision 


by the light of more recent investigations of the theory of 
ing. It would be at any rate inapplicable to the present 
case, the very water-logging of the ends, which so 





* See memorandum at the foot of page 11 of Inflexible 
Parliamentary Papers of 1877. 








reduces the ) of stability, has a most remarkable effect 
in ding selling, 44 we caphein mous telly heceather. 
hould the damage to the ends go beyond what we con- 
template, the ship would still be in no immediate of 
hors de combat. The transition from the 
condition ¢, in which she may be said to begin to have her 
effi im , to that extreme in which she must be 
regarded as in a critical state in the presence of an enemy, 
is necessarily a gradual one, because it follows only the 
progress of destruction of the ends, and can only be com- 
pleted with that destruction. 

It cannot be said that the armoured citadel is invulner- 
able, or that the unarmoured ends are indestructible, 
although the character of the risks they run is different. 
But in aoe the unprotected ends are as well able as 
the armoured citadel to bear the part assigned to them in 
encountering the various risks of naval warfare, and there- 
fore we consider that a just balance has been maintained in 
the design, so that out of a given set of conditions a good 
result has been obtained.* 

It may be useful to compare the Inflexible as she is, with 
a new Inflexible having her ci wn out in 
length so as to render her much more nearly, if not abso- 
lutely, independent of the unprotected ends, the thickness 
of the armour being of course reduced in proportion to its 
extended area. 

It may be assumed that an addition to the citadel of at 
least 30 ft. in length would be to satisfy this 
condition. The thickness of armour would then be in the 
new ship 21 in. as compared with 24in. in the present one. 
If we now pugpens the actual Inflexible to meet in conflict 
the new Inflexible, both being armed with the most 





TABLE No. II.—Drmensrons, &c., 


Great of fire would only render it more certain 
that the penetrable citadel of the supposed new ship would 
id pierced before the destruction of the ends of 
ip could be completed. 
a case conclusion seems inevitable that the 
actual Inflexible would be greatly the superior vessel, and 
if any increase in the power of existing guns takes place, 
the same argument would induce a shortening and thicken- 
ing of pee emai may bg rather than ting reverse.* 

or wo’ ere appear a corresponding loss of 
advan’ to the actual Inflexible as compared with the 
su new one, in the event of her having to en 

: ironclads or unarmoured vessels which might be al 
to bring i her numerous shell s equally useless 
against 21-in. and 24-in. armour, and therefore only able to 
attack the unprotected ends, because, conceding to the 
Inflexible the same accuracy of fire which must be assumed 
for the enemy before we can contemplate the fire of the 
shell destroying the unprotected ends, either Inflexible 
would have speedily planted amongst her opponents the 
few blows necesary to disable them. 
(To be continued.) 





TRANSATLANTIC LINES AND 
STEAMSHIPS.+ 
By Artuur J. MaGrinnis. 

A REVIEW of the trade which miay be considered as the 
nursery of ocean steamships, owing to the great achieve- 
ments in marine architecture and engineering which it has 
brought forth, cannot but prove interesting to the ship- 
builder, engineer, shipowner,and merchant. - 


or Famous ATLANTIC STEAMERS. 




































































| — 
| Dimensions. & | 
, , Horse | How 
Name of Ship. | Owners. | Where Built.| Year. a | Power. | Propelled. 
Length.| Breadth.| Depth. ae 
cae ft. in.| ft. in.| ft. in. 
Britannia ... +--/Cunard Line ... Greenock ...| 1840 | 230 0) 34 5| 22 5 1,150 440 (Paddles 
Great Britain ...|Great Western Line Bristol 1843 | 274 2 48 2 81 5 3,270 500 (Screw 
Asia... ie ...|Cunard Line + Greenock ...| 1850 | 268 2/| 45 2| 24 1] 2,227 750 |Paddles 
Arctic diz ---/Collins’ Line ... New York...| 1850 | 290 2/ 45 2/ 31 5] 2,860 1000 re 
Persia o ——- a ...| Glasgow 1855 | 360 2) 45 2/| 32 51] 8,800 900 “- 
\Great rn} | yy: 9 1000 “ 
Great Eastern ... t S35. Compan } Millwall 1858 | 679 6| 82 8| 48 2| 19,915 | {100 |.» 
Scotia ‘ ..(Cunard Line .-|Glasgow ...| 1862 | 379 6| 47 8| 30 5] 3,871 1000 |Paddles 
City of Paris ...| Inman Line 9 --| 1866 | 346 6| 40 4/| 26 2) 2,651 550 |Screw 
City of Brussels ...|_,, ” seal “~ ...| 1869 | 390 6| 40 3| 27 1] 3,081 600 ‘a 
Oceanic ...| White Star Line ...| Belfast .-| 1871 | 420 6 40 9 31 1 3,707 600 “ 
Britannic ... be: a i ek ...| 1874 | 467 6| 45 2) 338 7! 5,004 760 Ba 
City of Berlin ...|Inman Line as paeemees ...| 1875 | 520 6 44 2 37 7 5,491 1000 i 
| 
TABLE No. IlI.—Rarrm PassaGEes MADE BY ATLANTIC STEAMERS FROM 1840 To 1877. 
OUTWARD. 
. Name of Distance in Time 
Your Month. Stoner. Owner. From To Knots. Occupied 
. . } : days. hrs. min. 
1840 July ...|Britannia ..|Cunard Line... ...|Liverpool __...| Boston 2755 14 8 0 
1840 |August ...|Acadia .. =... mm eee ate ai ... |Halifax 2487 ll 4 0 
1845 July _...|\Great Britain ...|Great Western Line/Bristol .. New York 2988 13 21 0 
1846 Z Europa ... ...(Cunard Line... ...|Liverpool —... a 3017 ) : Set RP 
1853 és Baltic ... Collins’ Line... .-- (Queenstown ... int 2721 9 16 33 
1864 di |Scotia ../Cunard Line ... iin os iia te 2783 8 15 45 
1866 |July wel os a 9, eee ~ os 2851 8 4 34 
1867 |November |City of Paris .../Inman Line ... es ooo] gs 2700 3 #3 
1 |August ... hae od uf’ see ove ae he eee 2258 6 19 5 
1872 |May ..| Adriatic... «| White Star Line g0 (New York «4. 2778 7 23 «17 
1875 September |City of Berlin ...|Inman Line ... a wal po 2829 7240 8 
1876 |June ..| Britannic ...| White Star Line - ese we 2854 7 16 36 
1876 November| ,, | m 0 % am 0 2795 7 13 il 
1877 |April _ ...|Germanic ” . 99 on 2830 7 ll 37 
1877 |August ...| Britannic 9 99 99 * 2802 7 10 53 
HoMEWARD. 
| 
| * : A 
| Name Distance in Time 
Year. | Month, of Steamer. Owner. From To Knots. Occupied. 
} ‘ , : days. hrs. min. 
1840 |July ...| Britannia +»-|Cunard Line ... ...| Halifax ...| Liverpool 2573 10 0 0 
1841} ,, ...|Acadia ... wd on Pe age 99 - 9 ing 2534 9 21 O 
1846 y «(Great Britain ...|Great Western Line|New York ... ob al 3209 10 23 0 
1852 |February |Atlantic ... .../Collins’ Line... ; . ..-/Queenstown ... 2712 917 lb 
1856| ... |Persia ... ...\CunardLine... <..| 35 pom at yt | 2732 9 1 45 
1858 ads Pacific ++-(Collins’ Line ... ...|St- John’s —_...|Galway “ 1720 6.4.0 
1863 |December |Scotia ... .../Cunartd Line ... «|New York .../Queenstown ... 2731 8 3 0 
1869 - City of Brussels|Inman Line ... eve - mes PA 2687 7 22 8 
1872 |October ...|Polynesian ...|Allan Line ... _... Quebee ...|Moville soe -rtes ae 7 18 55 
1873 |January...|Baltic ... ...| White Star Line ....New York .../Queenstown ... 2843 72 9 
1875 |October ...|\City of Berlin ...|Inman Line ... os 99 90 2820 7 1 28 
1876 February |Germanic ...| White Star Line... mn oo pen 2894 7 15 17 
.. |December | Britannic ts e om im 99 pe 2882 7 12 41 




















powerful guns existing, which are capable of piercing 22 in. 
of armour, the “oy ™ with her 21 in, of armour would 
be in immediate danger of receiving a mortal wound by the 
penetration of her citadel, {where the vi Bes. are so 
crowded together that one blow might be fatal and would 

Ra ee ogg Be 
u cripp’ enemy by a multiplicity o t 
wounds in his — red — hs way KA litle or 
no practically to diminis' disparity arising from 
the fact that one ship possessed penetrable and the other 
impenetrable armour. 

* We assume the limitation of beam consequent on the 
breadth of the existing docks to be one of these conditions. 








In this paper, therefore, the author hopes, in the brief 
space of time at his di , to give a review of the most 
important companies and vessels, criticising the various 
ships and events bearing most on the advancement of the 
mercantile navy, commencing at 1840, as it was not until 





* We do not intend by this remark to express the opinion 
that it would have been wise thus to diminish the of 
the citadel of the existing Inflexible. is length, in the 


rem tdi - i existing beam. cen: 
8 ures, wi ship’s existi , we ° 
a, © we have already et propor- 
ioned. 

+ Paper read before the Liverpool Engineering Society. 
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TABLE No. IV.—AVERAGE PassaGEs OF GrasMunire or ATLANTIC LinEs FROM 1850 To 1877. and oetiy bee yy ole was aad 7 Theat bo 
- hat in 1848 the America, Niagara, Canada, and pw 
; : é 2 . Z ¥ p ‘ were added, in 1850 the Asia and Africa, in 1856 
Year. Cunard Line. Collins’ Line. Inman Line. Guion Line. National. White Star Line. Persia, and in 1862 the celebrated Scotia ; this vessel by her 
rapid passages (see Table III. gained great renown ; 
days. hrs. min. | days. hrs. min. | days. hrs. min. | days. hrs. min. | days. hrs. min. | days. hrs. min, her speed was, Fes gained at 2 a great sacrifice of cargo 
1850 13 4 space, her consumption of fuel being Roreregyg Bio 
1852 12 19 26 11 10 26 which rendered her voyages ve 
1855 12212 0 | il 2 40 a her extraordinary speed cook aks panved proved to be the last 
1866 10 11 & nab ll 15 18 ae 10 11 4 ocean paddle steamers. 
1873 10 16 40 10 22 4 12 6 38 11 21 9 19 48 ‘= the advent of the Scotia, the Cunard line has added 
1875 10 17 24 10 20 ll 8 47 122 1 19 9 16 33 many fine steamers to its fleet, va, pone of them have 
1876 10 13 32 10 1 4 10 23 45 ll 16 45 8 21 14 Constin eenone by their performan to 
1877* 10 0 58 8 21 17 9 16 30 10 23 12 8 13 39 having come to the front, which by the tion of the 
— recent pre pit es = forth bie which 
* First nine months. hele ie apsed ot splendour have surpassed Scotia. 
¥ " me ven ah e Cunarders have now given place in point of 
HOMEWARD. elegance to the modern lines, they still command 
largest part of the saloon ery vy They have 
Year. | Cunard Line. | Collins’ Line. | Inman Line. Guion Line. | National Line. |White Star Line. | not, however, altogether perils of ‘the. deep 
ae acta ine foe ca July Iat, 1944 and. the. Tripoli, 
. hrs. min. hrs. min. . hrs. min. . hrs. min. . hrs. min. -hrs. min. | at Nova in a fog on July 1s and the 
-_ ome ns min days. hrs. min. | days. hrs. min. | days. hrs. min. | days. hrs. min. | days. hrs. min ad on ieeee Meme May 17th, 1872, 
1855 11 12 0 | 10 2 O : The continued success of the Cunard line soon brought 
1866 9 4 39 she 10 11 40 forth others anxious for a share of the great profits which 
1873 9 7 59 | sb 10 0 2 10 20 18 10 14 16 8 22 39 were being reaped. In 1847 the Americans established a 
1876 9448 =| uh 8 17 52 9 2 4 10 7 35 8 12 13 line to trade between New York and Bremen, touching at 
1877 9 7 7 | 8 20 36 9 18 51 10 »5b 81 8 10. 30 Cowes in the Isle of Wight ; it was called the Ocean Steam 
Navigation Company, and contracted to the United 
® First nine months. States yo eg ed out, S it however only a few 
= “hs 1848 the Americans formed another line to ply from 
TABLE No. V.—List or STzaMsHIPS AND Numsezr or Lives Lost in ATLANTIC TRADE FROM 1840 TO 1877. War York to Havre, touching oh Seuthamet it oan 
Wansber egy New York ~, Havre Steam Navigation i, 
, comme in a 
Year.| Month. | No.| Name of Vessel. Owners. Nationality. ore How Lost. Where. pace / idy f the United States vernment for carrying 
the mails ; the vessels of this line also turned out un- 
' British and fortunate, two of them having been lost (see Table No.V.) 
1841 |March 11] 1 |President ..  ... Suan Steam British ...) 136 Never heard of within twelve months of one another, which caused the 
a’ e 
1844 \July 1 ...| 2 (Columbia ... ...|OumardLine ., ../ 4, «| None |Wrecked infog _..,|Nova Scotia ooaeay oe be Seteive? some time afterwards. STE am 
1850 |November| 3 |Helen Sloman... i S ar 9 e next to co Po! ted States Mail Line, 
1852 |Dec. 24 ...| 4 |St.George ... ... oe ” ..| 61 |Burned America under the title of the United S M 
New York and but was better known as the once famous Collins’ Line. In 
1853 |Dec. 5 ...| 5 |Humboldt .., f Havre Steam American ... 1 |Wrecked oe = oe | Halifax 1849 ee ee with four steamers, which eclipsed all 
a in the ificence of their fittings and in their 
1854 |March 1...) 6 [City of Glasgow... me — 4 Te British ...) 480 Never heard of sme (Se Table No. werk 
Havre ~ an 
1864 [July 17 ...| 7 |Franklin .. American ,..| None |Wrecked ... _ ...|Long Island first steamer, the Atlantic, arrived at Liverpool from 
Nevlgation Oo. New York on May 10¢ 1849, after a ra of 
1854 |Sept.27...| 8 |Aretic.. one, op OU NO an al ” «| 822 (Sunk by collision  .,,.|At sea thirteen days, she was fallowed’ by the , and 
1856 June 29...) 9 |St. Denis 3)... ooo French ...| 46 Tenia al ot similar dimensions (see Table No. IL)’ The 
1856 |Sept. 23 ...| 10 | Pacific ..-|Collins’ Line §...  ...,American,,,) 240 Never heard of of the rivalry between this line and the Cunard made 
1856 |Nov.2 ...| 11 Le Lyonnais... one French .,,) 120 (Collision... ose y | Nantucket Forge ne their utmost endeavours to make the 
1857 |Feb.26 || 12 \Tempest .. ‘.-|AmchorLine ... ...|British || 150 Never heard of pu Wenens Saeer 
1857 |June1 ...| 13 \Canadian .., _ .,.|Allan Line * | None |Wrecked P= , 80 that it — not to be wondered at that the 
@ w and New to be first in soon P aagowen meyeA results. 
1858 |June 13 ...| 14 |New York ... f “oe } ” | None [Wrecked ..,  .../Mull of Kyntyre The vessels of the Colin Line h they snapigeeme OS hich m for 
the dashing way in which they were sailed, and w! made 
1858 |Sept. 13 ,,,| 15 par: che am German .,.} 470 |Burned ,., ose eos 
1869 Jone 28 °"| 16 Argo ~~ Naan the. «joes Mee CT ieeeietiens their a passages shorter than the Cunard (see Table 
1859 |Nov. 21 ...| 17 |In cco eo fee Hie vale 2 on 27 ‘| Wrecked ce oe| Nova Scotia No. IV.) ; the sage be havent were also driven in ze poet 
1860 |Feb. 20 ...| 18 |Hungarian .,,_.../AllanLine ......| 5 ..| _ 287 |Wrecked +-+|Table Island manner, re , Pap + good fortune which has ae 
1860 |October7'| 19 |Connaught .:, ...|Galway Line ... ...|,, «| None |Burned ..| Massachusetts attended ey escaped without any serious “idle 
1861 \June4 .../ 20 |Canadian ... ...|AllanLine ... | on} 88 Bolla wi with an } |straits of Bello Isle | Whilst their less fortunate rival soon received a terrible 
1861 |Nov.5 .,,| 21 [North Briton Allan Line weus \Wreaea Paraquet Island blow in the loss of the Arctic, she having’ been — abet 
e7 ey MSR Gla “ey Se collision with another steamer on September 27, 1 
1863 |April 27.,.| 22 | Anglo-Saxon ---| Allan Line eso oo] op «| _ 237 |Wrecked ove +-.| Oape 
1863 |June 14 ..| 23 |Norwegian ...  ...|AllanLine .. 4. «| None | Wrecked . _. /St. Paul’s Island $22 lives were lost, amongst on were the wife, son, and 
1863 |August 4 | 24 |Georgia ose eee MMOMAE TAMO..: incl. ..| None |Wrecked ee oe | LD Island hter of Mr. E.R Collins, t rpm | director. It 
1864 |Feb. 22 ...| 25 |Bohemian .,,  ...|AllanLine .. «| 4, és 20 | Wrecked ss ese | Cape Elizabeth ted of this aa (with ~Sa foundation of truth {the 
1864 |March 29 | 26 |City of New York ...[Inman Line ... «| ,, w-| None |Wrecked =... ae! f unt’s Rock, pe oy is not aware) that om ae ore of the disaster, 
Chartered by Allan . Queenstown Collins, who was then i hy, dreamt of this event, 
1864 |Nov.3 ...| 27 Jura ... sone lg Lin t ra | None |Wrecked sss.) Near Liverpool and was so impressed b, eae tack he could not shake 
1864 |Dec. 10 ...] 28 |Iow@ ... oon ase a ‘ee ..| None |Wrecked s+ ss | Cherbourg off the gloom which it Fie over him. 
1865 |July 31 ..,| 29 |Glasgow «ww oe ” «| None {Burned,,, ... a. Rentuclens About two years afterwards another of their vessels, the 
1866 |Dec.1 .,| 30 |Scotland .,, ...|NatiomalLine... ../ ,, «| None [Collision oe ee Pacific, went on a oka te voy to New York, and was 
1868 \January ...| 31 |Chicago eee ---/G@uion Line, — oe «| None |Wrecked oes on {Baum bs took with all bends site rier heard of bi _ 
1868 |April 17..,| 32 |United K -»|Amehor Line ... | 4s w| _ 80 . eard mene V « 
1869 anows 7 | 33 |Germania — anal ome nod German .,,.| None |Wrecked ree rey ol These ht discredit on the line, so that 
1869 |August8 | 34 [Oleopatra ... an British ..,) None |Lost in fog «»»| Newfoundland afterwards it broke up. In 1858 ip of the vessels, 
1869 |Noy. 29 ...| 35 |Hibernia ... (Anchor Line ...  ...| ...| 60 |Foundered <:.  .../Atsea the Ai Mivend Baltic, were converted into sailing ships, 
1870 |January 28| 36 |Oity of Boston ...\InmanLine ... || 7) al 297 Never’ heard of another, the Adriatic, which was looked upon as the finest 
1870 |October 19) 37 |\Cambria .., ...jAmchorLine .., |  » .-| 190 | Wrecked oe “Trland, est Coast of steamship of that date, was sold to the Gaioue Line, but was 
1872 |April 7 38 |Dacian None | Wrecked unsuccessful there, and after lying up in the 
+ reas iey ’ ro wis. dock for some she was sent to the West Coast of 
1872 |May 17 ...| 39 |Tripoli vv oao(Ounasdl Line os «| None |Wrecked ...  .,, { Taskar prea ttee Africa ose hulk. 
a Reyptia: 7 
1872 |October 8| 40 |Scanderia ..  «.. { steam Navienton } a hind Never heard of (20 bs continand.) 
mpany cos 
1872 |Dec. 23 ...| 41 |Ge oe =o | Alan Lin i.” wh. 30 |W + a Bordea — 
iors om: 37 2] ot (eee 3 geestiee > Ob wd See payee ty me os ena Spake nee sa ht improvement is 
i873 rng wb Oia or W hington “tees + Ageges og i a Non Wintkaa — ares there has ae geamele a. additional sora in the 
.. | 44 |City of Was n ol Vel? Be ei 00.8 .al Scotia ‘ : 
1878 |Sept. 27 “..| 45 \Iemailin......|AmchorLine 2 |” 0 | oa | pues honk at Belgian coal trade. In the Liége, Charleroi, and Contre 
= 7 1 4 es = oe ee a ae Pe iene wreceot +» se) Bahamas districts extreme Faeyr continues to be the prevailing 
Nov. ods a vre eee a) "| Fren ee ision eee ore haracteristi: 
1873 |Decembér'| 48 |Colorado.. -..|@aionLine “a “| "6 \oottaon ,itver Mareey aoe e- Peiees aleo present 0 congucstineyy aunmee 
_ ns ” “ oe bee ves Transatlantique Line... French ... mee ner “ + | At sea vs 
v7 ... er = awe) owe Eagle Line =... —.... |G one rec ---|Scilly Islands ne 
i onea | st vers “pono ino” Jaan) a |f Caleta on Flonxowimamna | untae Wactedains Weert We Got 
1875 \July 19 ...| 52 |Abbotsford .., _...|American Line ...|Amerioan ...| None Wrecked Siidis San |Angioses Chancery last week the question of their water 
1876 |Dec.6 .,.| 53 |Deutsehland -.|North German Lloyd's |German ... 52 | Wrecked Goodwin Sands From the evidence given, it appears that about 
1877 Om 54 [Colombo .. .../WilsonLine .., ,,.|British .,.) 44 "Never heard of dail: uired for the to hich: belie 
wy March *... $5 Rusland =... Red Star Line... ne Belgien rai None Wrecked Long Taland ore 7 ore of 30,000 pe slings ‘ee ; nef v wend 
a oe ta, ein «+e | Gui eee pa ed Wrecked persons. 
: ‘ his aia a -| — Paves Lowe, vil i flkered and datibuted by 
Total number of lives lost steamship disasters ,,, ooo eee oo 4430 private contractor. "The complaint wag the old Firvecand 
Estimated number of lives lost h various causes .., 4, see nas _ beds were too onal io titer the ye of hag ~— 
Total number of lives lost .., .» 4780 from 1840 to December, 18' su now wan promised to remedy as 
Nors,—In cases of steamships never heard of the dates given are dino of. tolling tan from ports.’ > early as — and consequently was ape prs on 
yment of costs. in 
that date that the first line was established. To | despatched the Britannia with the maile from Liverpool to focal board, that they might obtain an extremely pure 
i Semad Cuened eet given the honour of being | Boston, which she reached on the 19th, hayi an (at paneer by Voting on Avtsclan wok and employing the 
its founder ; seeing the an Ste Sennen Some Se that time) extraordinary rapid of 14 may fv er their sewage works on peng. aee 
use = steamships, in the year ee ae The Britannia having proved. enoocssfal was quickly water. But we , from case, 
ne experienced shipbrokers, he to form the | followed by the Acadia, , and Columbia, all of | that this suggestion has not been acted on although it was 
which now bears his name, and on the 4th of July, 1840, | similiar dimensions, but as the trade rapidly developed, | fully discussed some years ago, if not agreed to. 
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METALS. 
a 6. Zz & 
ANTIMONY Og3 (perton)— 12 © 1s (Ce 
BeOZulas (StAr) vrsrecrserseres. $9 0 st 
Bases (per Ib. P) - a & é. 
saat eee a i | ° 

metal a ae | e 7 

cman, TYNE AND CLEVELAND 

(per ton)— & 6. £2 4 

se 6 °@ 

3 15 4 § 

PIUPOD ccccsscsesscrseeseescvseree 4 1S 5 10 
OopPaR _ 

Chili ocen ccomee 9§ 10 66 10 

Australian ., occee 76 @ 76 © 

English tough, ewes 68 © FR © 

MOBO ncccoove cee 78 @ ” ~«6° 

Sheets, BO. serroererseereeees ie eo 2 

: @ 82 6 

Iaon Ones ton, s. 4d, s. 4, 

Bed hematite, British ™m eo m2 6 

~ puddling 16 © 7 (8 
[ron Pie ton)— 

Barrow No.1 ccccsocsoeee 6 @ 68 © 
" 6 64 +o 
° 64 @ 
6 eo 6° 
e eo 0 
Oo 00 oO 
6 @ (0 
° 3° °@ 
by ° Se @ 
» (North Wales) .., ° % @ 
No, i. No.8. 
Pw Pig— s. 4d. - a 
D.D,, BE GIAAZOW ververes $2 ° 9 
Garctsher: esccseccccescceses §§9 3 5 ° 
Coltn 6 56 © 
Summeriee 6 $2 6 
- oO 
Langioan ° a $ 
Monk) 6 gt @ 
WN EOcccrccescccercerecccocceree §§ 6 $2 0 
Govan, at Broomiclaw... 52 6 52 © 
} = es at Port —- — he ee 
GEOBEBE ...5s.cesssnseeeesee $8 6 $4 © 
Eglinton, scecccssorce $3 © st 0 
Carron, at Grangemouth § : i : 
Ditto, specially selected | ° _ 
w= eeeccesceces $ 55 $ 
a eoesecee t 
(The above all deli She alongside). 
s. 4@ s 4, 
hi 7 @ 8 @ 
North Staffordshire easese Fb ° i ° 
South eecese ° ° 
Yorkshire Thornaby pig. 60 @ 65 © 
Ridsdale Nos,land?.,, 909 ©@ 100 o 
laon, Waoveat— 2 4. 2 «. 
Cleveland angles,,,.....00. 6 @ °° 
* DAIS evecorseree § 12 $s 1s 
uddled ae ae | 4 0 
- Boller plates... 7 § 7 1 
TALS  ...crereeces i 1° : 12 
” ship neesee s 7 
” sh wervevececs H 10 } 12 
Booteh bars .........cce-ceeee s 19 
» nail espeansnets | ° 7 1 
Staffordshire bars ......... 1 68 le 
n oone 8 @ 8 
eeecee 2 . t : : 
Welsh ey 9 coos ven H s : 10 
iw ) s 
boiler B ° ™ @ 
, hoops, 8, we cones 3 ° 8 r0 
Soft agin Ne copecceecece 18° 18 10 
8; 8 ° pod ° 
aber cot ee 
PHosPHoR Broxts— 

(DOT OWL.) vcerecccsserernere $19 7° 
QUICKSILVER (per bottle) 9 8 ° 
Sonar (per ton) — 

Old rails for re-mana- 

LAOLUTO nrcrcorecrccrercseree § © se 

Spauter (per ton)— 
Silesian, ordinary ......... 18 15 19 © 
S?1RG ELEISEN (per _ 
Best. rvs 6 @ 6 «6 
COMMON sisiserevrerveererree § © $ te 
STSEL (per ton)— 
COE .recrresserrenreeres $4 © Fo oO 

” socseceee 45 oO oO 

” she se e@ 

English spring won 14 © B88 © 

TRRBOOE ce wetccccccctccocnece’ 82 © C8 @ 

Milan ecnesese-geccegenscneeee OB 8@ sehCUe 

Bessemer ralls ..icsconene 6 10 7 
0 BFTOB...cccmrcrees 9 19 10 1 
a enn a a ae” 
” MBO nrncecceee 9 © 7° 

Stas. Castings (per cwt)-- 

Hydraulic cylinders in 

the not to ex- 

coed 6 in length, . a, S 4. 

BURTANICO .....cccee00.00 ° ° 

Do, do. Gnished ............ ° 34 Qo 
Pinions and cog wheels ag o ° 
Bammer tups, nee, 

swages, 6 cwt. 

above eusccnsen 98 © 84 © 

Holders-up for ri 
machines, &¢., 1} to 
OWE. .... wrrcrscsscescsececcecs 98 % 06 

















PRICH LIST 


OF MATHRIALS. 





STEEL CASTINGS—Continued s. 42. 
Side cranks, cross heads, 
crane wheels, engine 
slides, &c.. 4 0 
Tumbler bars and. “other 
castings for gs 
PUFPOBOS .,, serscrsereeres 20 (0 
Swepish [R0n (F.o.b.) at 
Gottenbarg — &£ 8. 
ig . 8 FOR Oe OOO OER CER CEE COE CEE EEE 5 e 
— rolled. 0 eeeen ces eeeeenees y o 
e.cccccoccecss 13 @ 
Tx (per ton)— 
REBIES cccrerccccccccccceccoen 8§ 1 
Bilt Get shoesecsscgscsoseen, 08 30 
Reotek tegots eheereesecccess-cccccccce | 6 ° 
INGOtS ..,.r00000000 97 © 
Engliah bars.....,.c00000000 70 © 
English refined... 72 © 
A I? mm 63 15 
Tin PLATES (per box)— a 4, 
LO, GHarcOal scscssrssrreee 22 © 
29 «© 
1 oO 
3a Oo 
ZINO (per ton) &£ «6. 
Sheets, a coccccesocse 83 10 
Wing, F eoeveessesesvee 15 


” Welagragh (paiven' sd) 16 10 


COALS AND —— 


COALS (per ton)— 
BQrrow cessccsesseseeeseesseses 
Bristol SPOOR ORS CES OOS FOSEOCES 
Derb cen ceeccecseccoess 
Lancashire ........c-0esseeee 
Newcastle and Durham... 
Staffordshire ..., 
WON | csccicccoccecceccsccsces 
YOrkshire ,...ccccscseseesseees 
OCoxs— 
OlO VOIR ....cerccesereseseees 
ee 


eeeceeses 









OILS, GREASE, & er or-eat ‘nts 


OILs (POF CAD) ..crcccrecseeresn 
DIOWD sessersseree-oveee 


” pale sees ceceeeeecsesooee: 


gig mad 
19 YOLOW ...scscseseeeee 


ii wo eeeceeeoorrrces 


eeeeee serene serene 


QED cca cecccsccccsncceccocnsesese® 
PseTRoLeumM— 
” spirit. e086 00008 O88 008 COR tee 
Pipi cwt)— 
A seseedenscoqooscosoooues 
PLoMBago (per owt.)— 
Ceylon LUMP  cisscorerseees 
” ips Cee COP one renee 
» «Gust... 
Rattwar Grease (per 
owt.) — "BD cccccesecccs 
Pritchard, Ofer and Co.’s 
CONCONETH IO ....00000008 
Basix (per cwt.)— 





2008 seeeeeconsns 


0 coe rereneeneces res 


TALLOW (per cwt.) 
N. rhe ~ 





” shee . 
Australian beef ......<...+ 
st. Botersbarg, £0. 
Beek, ingen 
Roug ’ O8e see secee 

Tan—Stockholm (per bari.) 
sy pe my 


> seeeeces 


American 
WIPINes, mae (per owt, 





CHEMICALS, é¢ 


*Aguaforls (per Ib.) ib} 

phuric acid an >: 
Sulpharic acid, brown ..,, 

Ammonia — Muriate ‘on 


COD)...ceercereererreenee seveeees 


W hite, | (per cw t.) oo 
ump 








Fee ee eee eee eee ees cee ees 
wee reseee 


surrarad ie ov) owt) 


Boner. soenesecosoqsennqecoesos 
coscccoeesecsesseosoes 


seeeeerensensoese, 


ve OF YBtALS ....ccrcsrsereere, £ 





8. 
10 r 
¢06C 
8 o@ 
8 e@ 
8 @ 
7 ¢@ 
8 @ 
H ° 
° 
9 © 
20 «(Ce 


8. 
é ° 
° 
rs 
3s. e 
33. Ci 
go CU 
30 «Ce 
s. d. 
° 10 

o 678 
8 eo 
8 e@ 
4m § 
oe 
9 §$ 
8 6 
so (8 


35 
20 


+ 
o 
en eneeoo0an06a ~ 


s 4a 
° 
° 
° 
£2 8 
28 6 
s. da. 
a) 
mz 6 
6 6 
36 © 
2 4 
$ 10 
it 10 
9 to 
$e 
e3 
a) 
ss 8 
33 «© 
ao «(6 
6 «(6 
30 «Ce 
a4 
330 
co f° 
20 (8 
13 © 
3 te 


eGESE 6 ES 


eo“F coceoPooccecn 


eococe ano 


- 
ee eco eo 


Pe SSaPooeoPos gunmen 


acweo B eScom o 





em O88 ecoeonsan 








TIMBER, DEALS, &e. 








LONDON, 
Cp Sees £e8,4 £8. 4. 
Archangel Ist yellow..... 19 5 9 20 09 @ 
Bnd 45 wee 13 18 0 1 0 O 
Petersburg eecccencenccscecee 36 § © 88 10 © 
WYDUrg vrecccosssrssrsee--see 13 0 © 14 0 @ 
Petersburg & Riga white 910 © 1010 © 
Obristiana deals, bes 
© 410 © 
° 110 © 
° g10 © 
omg 0 
ec 410 © 
© 12 10 © 
) 
Finland deals.......0000040 19 0 9 13 ° 
” gemma 915 @ t110 © 
he re 160 © 24°00 
oe 10 4 © 41°09 @ 
8 ° 
Fisted ies, 200. 2 joss for Ist, ° 
an res; _ 
Oanadian spruce, Ist...... 10 11°0° 
” * we 8 ; . 810 © 
Std. 70°90 8 OO 
New Brunswick spruce... 8ee 810 0 
Ditto ccerstsccccesee 9 10 0 8 OC O 
N.8.&P.E. Islesprace 710 o 8 © 0 
U.S. pitch pime s+... 12 0 © 12 10 © 
gt load) 
Red (mixed and 
a oo $10 0 400 
Do. for yards and 4teg50 0 
Yellow pi wp Rea $00 g10 © 
Suse waney beaed core § § O0 § OO 
Ditto seecsecsessecsesse § 16 © § O8 O 
pag) eee weececcocceces ; $ °° g10° 0 
Be. United sceoennecess © 26 © -9 O © 
hited States comme § © O09 § 10 0 
eoaseeseccsececseeese #€ § 89 § O89 DO 
Aah sagerserereeeseesersensences § 10 © 410 0 
410 © 519 © 
210° 300 
2.9 OE. e 
410 0 g 0 0 
7° © 1010 0 
. Seorrmwes 
1010 0 II ° 
heart ~~ pe 8 0 900 
Australian wee 610 © 910 0 
BALTIc TIMBER eae load) 
BUGS OF csecserssserveesereens § 10 0 4 § 0 
Dantsicand Memelcrown 4 © © § 10 © 
» «lst see $10 8 410 0 
" 
And 2nd... § © © 3 If © 
» common  amid- 
seecsessteseere B10 © § O @ 
” eocg 9 § @ B88 6 
+» small, short, and 
PETOGUIAT ceovesvsesserveree 2 2 6 2 9 6 
Ossi rrccrceesssrosereeerees 21S O §.10 © 
8 sesassneerenseorerens 210 0 2.15 @ 
” heocsgecoccccce 9 § @ 8 15 © 
and Norway 
Dalles ...sesserceene seormees TIS 0 8 § @ 
@ BoARDS (per 
of 1 in.)— 7 
ried > ~-+ acerreeemraae om 9 of 6 
” sssccessessicessee GO 12 © LS en) 
A yee ero o13 @ 
The above * x 
LIVERPOOL. 


WHOLESALE Prices OF TIMBER, DEAL, &0. 
From AMERICA. 


Baitise Nogta 


eo cooh 


TOD ssercerseererseeee 


Gak, Quebec 


Elm 
Ash 
Whitewood 


0000 CE ee eceeee 


POP rene ee renee. vee 
eee rns Seeeeereoees 


be = Canadian and 


States . 
pare, 8k. os N.B, 
—p 


Seta Sees ward Island o 


DBALS AND BATTENS (per 


Petersburg standard) 


BPTUCO  nnrcccrisserversisser 8 
Ditto, Nova , aC... 7 10 
Boards, PINE......ccreseceeres 


Lathwood per ‘fathom 


GBD) ccrspecepgrregepnesee 


“ Pn 


ok 


a. £48, 
403 
1x e323 
io 68 (68 
2 @r 
zs © 8 
ror 
- Cf 
8 @3 
.* €&2 
2032 
8 os 
9 84 
2 or 
, 23 
eer 
© 19 10 
e@ 14°10 
ee 
eo 810 
oe 810 
e 8 © 
e 610 
ege 


weo? 


ee O48 42004 G6 we 
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£eda£ 4.4 
ae ~~ Planks ....... 02 2 @ Ff 6 
Statesoaklogs .. 0 1 6 @ 2 6 
(Fer load cal r measure) 
(per ld) 10 1s omweoee 
sesresssstereses 610 © J 9 © 
Demerara a a 6 e eos 
Bullet tree (per foot)....., @ 2 9 @ 2 6 
FROM THE BALTIO, &0. 
Perch. ft. string measure) 
timber, Riga red...... © 1 3 @ 1 § 
Fir timber, — and 
Memel cro ccccssscce, @ EF 8 8 Q 
Bette, ditto, voter bin kinds o « = @:@ ¢ 
Ste ccsceociseseccssencecs @ & 8 © 3 4 
Swed @ezsrues8 8 
ae eoomenr48rt 
Wainscot (Logs calliper 
measure) 
Biga, &C., CTOWDsw0. © 6 0 © 6 Q 
Ditto Drack ...xcccoscrs, 0 4 9 8 § 0 
Oak Y tzic 
« measure) .... © 2% @8 3 2 
Pit props per linealyard o o 34 © © 4 
DEALS, &c.— 
je tee yy ee ee in | 
eo WwW oe 
Redw oe 1610 o 
a ° 1210 0 
” omeo 
pa ome8e 
” 
°omeo 
Ps ° Ite o 
Pee OTWBY.cccosee 710 © gle o 
” Die white... 7 0 © 710 © 
Maponans, Os . (per foot 1 in.) 
City St. Do: tomes © © 8 OF § 
QUDE sccsscssrerserereverereecee © © Of @ 0 Q 
— ~~ ° 5 eo7 
, Havana, &c. " e 48 0 0 Oo 
Sleepers, Hackmatack, 
x os 6 O40 
n Pine ” e300 0 3 6 
» Hemlock ,, o23 0 32 6 
yy seesetcesseeessess © § 9 8 3 6 
Per ee) HULL, 
‘er e 
Memel crown firtimber... 4 7 6 © 0 © 
2 e Qnd 310 o g 15 
Riga and Dantzic ist ..... 4 2 6 4 5 0 
oi cae ” coos $ § 9 $10 0 
Sw 2109 0 300 
sy BINA] aecevosseveseee 3 7 6 210 0 
tUMDEL .oerecssevevrrnrns 117 6 3 0 0 
(Per cubic foot). 
sencsesscsesccsesese © 2 3 8 2 6 
” sovesseserseeee OC 1 QQ 8 2 6 
scececeeceserensse © 2 GO O 3 3B 
a tee aero © 3 8 O83 CO 
Pitch pine, HOWN sewers © 2 § OF 8 
srsssrsere O EF § O FT 8 
(Per Petersburg 
tArch, and Onegared.,. 19 5 © 20 0 o 
» Pet. red3xl1l1&3x919 © © 1910 © 
white .,, 11 10 © 1210 0 
wy sburg TOA. neces, scsseeserens 14 10 © I5 10 © 
Quebec! 1st pine ...,. eos 33 8 8 35 0 O 
d ° wm ee 
eo mwee 
°o 8100 
e°moe 
Baltic 1st red flooring bds. 14 © © 15 © © 
Ditto White ceseccorissssesssecse IT O O IL 10 0 


Oharge for labour 2s. per standard for deals, &c. 
andIs. 6d. per load for timber. 


’ WEST HARTLEPOOL, 





(Per cubic foot) 
tzic good fr... o r gh or 4 
Ditto common middling fr o 1 1 o 1 if 
Sundowall OF .recredessmee O 1 © OL Bf 
tandard.) 
ewe °0 
eo o°0o°0 
; @ 1210 : 
bed eerecccoccce 10 ° 12 
a unsorted white ° 
poverrnsesrasensongemnnaen 10 © @ 10 2 6 
Tunadal 1 st soos 16 10 0 16 5 © 
Pa battens, sesseseeeseres 14 10.0 © © © 
»  Stdreddeals...... 1 12 6 1 15 @ 
vy —-— DBULOTS sceseseessee TO § © 10 7 6 
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RAILWAYS OF CANADA.—No. I. 


Tue railways of Canada have now been opened 
for traffic for a length of about 5500 miles, and 
there are at the present time not less than 2000 
miles under construction. On the 5157 miles that 
were in operation on the 30th of June, 1876, the 
report of Mr. Brydges, the Government Superin- 
tendent, shows that a capital had been raised 
amounting to 317,795,468 dols, of which 
19,273,613 dols. had been expended during the 
fiscal year, and that 16,090,579 dols. had been 
raised for railways then under construction, and 
whose mileage was not included in the lines open 
for traffic, making the total outlay on the whole 
system, at that date, 333,886,047 dols., or 
68,609,464/. sterling. It is a melancholy confession 








which over twenty millions of British capital are 
invested, has been one of continued and painful loss 
to all concerned, and yet these are not the most un- 
peemeere of the number; they enjoy by far the 
argest traffic, have realised in this respect at least 
the promise made in their original prospectuses, 
and are by no means the blank failures that have 
characterised too many of their less pretending but 
more unfortunate neighbours. Much of the diffi- 
culty which has beset them all equally, almost from 
their inception, has arisen from the want of credit 
that has surrounded them, and in consequence the 
high rate of interest they have had to pay, the 
heavy obligations they have been compelled to 
assume, and the constant recurrence of financial ex- 
pedients to tide over the necessities of the day by 
increased draught on the future. Much again has 





the mode in which the railways have been brought 
into existence, and their original capital account been 
financed, 

‘The Canadian railways, nominally in the hands of 
companies, from the Grand Trunk downwards, 
have been emphatically ‘ contractors’ roads ;” and 
if the result has been unfortunate to the parties to 
whom these gentlemen sold their bonds and shares, 
it must be remembered that this was the way in 
which they were py for their work, and it is 
but fair to state that but few Canadian railways 
would have been in existence without their instru- 
mentality, and that the contractors and con- 
structors themselves, in most cases, made heavy 
pecuniary losses as the reward of their exertions 
and enterprise. 

The contractors for the roads paid for everything 


THE PENNSYLVANIA RAILROAD; MOUNT WASHINGTON, PITTSBURGH. 


as the result of this enormous investment, extending 
over forty years since the Champlain Railway was 
first opened to the public, that nearly the whole of 
that capital has been unremunerative to its sub- 
scribers, and that the greater part of it is hopelessly 
lost to those who have invested their money in these 
enterprises, Although of immense value to the dis- 
tricts through which they pass, and worth more to 
the country they have developed than the amount 
they have cost, the railways of Canada have been 
to their proprietors almost uniformly a disastrous 
failure ; as a rule they have returned nothing to 
their shareholders, the ordinary stock has been a 
dead loss, and the mortgagees and bondholders 
have been compelled over and over again to forego 
their coupons, capitalise the interest, or to submit 
to some reduction in their rank or priority equivalent 
to a loss, 

_ The history of the two great and best known 
lines, the Great Western and Grand Trunk, in 





been due to the small amount of local traffic that 
the railways commanded, and the low tariff to which 
they have been compelled to submit to secure even 
a share of the through business, which had to be 
wrested from competing lines by the acceptance of 
terms of carriage altogether inadequate to the work 
performed, and often at a figure actually below the 
cost of doing it. Another source of difficulty lead- 
ing to confusion in the accounts, and ultimately 
to an unprofitable state of affairs, has been the un- 
finished condition of the railways when opened for 
traffic, and the necessity for using the receipts of its 
business for the purpose of completing work for 
which capital could not be adequately provided, 
locking up beyond recall the means that should have 
been applied to meet the current expenses, and 
inducing a chronic state of indebtedness from the 
very beginning. But most of the trouble, origi- 
nating some of the special causes of impecunious- 
ness referred to, and aggravating the others, has been 








to commence with ; they secured the charters from 
the Government, did the lobbying necessary to 
obtain the concessions which these included, paid 
all the expenses necessary for working up the mu- 
nicipalities along the route to contribute their quota 
of the burden, floated the necessary capital, nomi- 
nated the directors, a body whose respectability was 
not always a gratuitous contribution to the enter- 
prise, and expended very large sums, in many in- 
stances, to explore and survey miles of unsettled 
inhospitable country before the first location could 
be determined upon. Generally they were very 
heavily out of pocket before any work was done 
for which they could make a charge, before any 
corporate funds were collected from which they 
could be id, or any body in existence with whom 
they could legally associate. What wonder, then, 
if the parties who had furnished all the means to 
put vitality into the undertaking should drive a 
somewhat hard bargain with the company of their 
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own creating, should protect themselves by a rather 
one-sided contract against the loss of their previous 
nditure, and besides the outlay necessary for 
the works should include a profit which in ordinary 
risks would be deemed too exorbitant. What 
wonder if the aggregate of these charges should 
amount to a sum over the real value of the work 
when it was complete, the capital created be beyond 
the power of any ordinary traffic to overtake, or 
the profit to be realised from it to pay the interest 
that had been stipulated. Besides this there were 
certain rules of the Stock Exchange to comply with, 
which intended to protect one set of interests, were 
not applicable to these railways at all, and which 
have weighted down the nominal capital with heavy 
issues of shares, for which little or nothing has 
been realised, but without which fiction the bonds 
could not be dealt with on the London Stock Ex- 
change. The result has been that, in most cases, no 
sooner were the lines open for traffic, than a heavy 
expenditure became necessary for the reconstruction 
or enlargement of much of the work that the com- 
pany had accepted as complete, the rolling stock 
was found to be altogether inadequate, stations had 
to be furnished and fitted, sidings made, workshops 
built and equipped, and to supply all this no other 
resource was open but the daily receipts, which 
were thus directed from their legitimate employ- 
ment, and a floating debt began with the very first 
day’s operations. On one railway for seven months 
after the road was opened only about 10 per cent. 
of the current wages were paid. The station agents 
and clerks received their first half-year’s salaries in 
three months’ acceptances, which were every one of 
them protested for non-payment, and some of them 
only collected after repeated renewals. The stores 
for the first twelve months’ consumption on the 
railway were not paid for after another twelve 
months, and every farthing that was earned, and 
there was an excellent paying traffic too, went to 
pay arrears for the buil ing of some of the struc- 
tures that actually failed before the first train ed 
over them. As all these roads start under a heavy 
mortgage debt on which each six months the interest 
must either be paid or the coupons protested, it is 
evident that this misappropriation of the receipts 
from the traffic, to a purpose foreign to their legiti- 
mate object, doubly affects the credit of the road. 
Unable to ny respond to its internal expen- 
diture, it pays dearly for all that it requires, and 
compelled to borrow to [pay its external indebted- 
ness, it soon falls into disrepute with its bankers, 
and that struggle commences which no slowly deve- 
loping traffic can overcome, and which must in a 
short time lead either to repudiation of its bond 
obligations, or open and acknowledged bankruptcy. 
Nor is this all; even supposing by the exertions of 
its friends its external credit is maintained, its 
public obligations redeemed, and its internal re- 
quirements provided for by tempo: loans, the 
rapid augmentation of this floating debt, always 
carried at ruinous rates of renewals, soon tire out 
the most patient and trusting creditors, and they in 
time have to devise some reconstruction of the ca- 
pital account, that shall include the debt due to 
them amongst the privileged creditors, and the con- 
cern now doubly steeped in debt is left to struggle 
on with a capital so swollen that its position is 
almost hopeless. Such has really been the history 
of more than one Canadian road, nor is there the 
ordinary bright side to look forward to, derived 
from the development of the country and the result- 
ing increase of traffic; the railways — to de- 
velop faster than the country, and the effects of 
competition amongst rival lines has not yet been 
fully seen. This rivalry between parallel lines bids 
fair to be far worse here than in any old country 
experience, and nowhere else in the world can a 
similar case to the Great Western and Canada 
Southern be found, where, for 200 miles, two rail- 
ways serving the same district, running between 
the same termini, with no difference whatever in 
their traffic, their characteristics, their objects, for 
miles with only a fence between taem, show such 
a useless shipwreck of capital in their construction, 
and exhibit such a wicked waste and extravagance 
in their daily operation, But in Canada this ex- 
treme case bids fair shortly to have more than one 
lel. The two great English ~ companies, be- 


ween Sarnia and Toronto, 168 miles, commenced 
this unfortunate rivalry; but as if this were not 
sufficient, a third line is now squeezing itself be- 
tween them for a considerable portion of the dis- 
tance ; and in the Credit Valley we have as useless 
an expenditure as the richest country in the world 





can boast, and as unnecessary and insolent a com- 
petition. East of Toronto and in continuation of 
this same line, another railway not yet commenced 
but certain to be built, will run for nearly 150 miles 
almost parallel to the Grand ‘Trunk from that city 
to Ottawa, entirely cutting off all its feeders from 
the north side, and connecting at Ottawa with the 
Quebec system of railways, will open up a new 
route from Toronto to Quebec, 20 or 30 miles 
nearer than the Grand Trunk, and having the ad- 
vantage of landing its passengers in the city of 
Quebec, and not on the opposite side of the St. Law- 
rence as the older line does. Looking at all the 
complications and rival projects that surround the 
old lines, their future never before seemed more 
anxious, nor did their management seem to require so 
much skill and acumen as at this moment, to save 
them from dangers far more threatening than any they 
have yet passed through. But although at present 
money for railways in Canada is not being found to 
any great extent in England, at all events without 
some additional security than the road itself, and 
although duplicate and unnecessary lines are being 
constructed in some places where they are not 
wanted, still the Ca n system is far from com- 
plete ; even in the older and better known provinces 
many important and SS are much 
needed and must eventually constructed, and 
English capital no doubt will yet find in this country 
a lucrative and satisfactory field for its employment. 
The failures of the past will no more prevent these 
being brought into operation, than the foundering of 
one steam vessel in the sea would prevent another 
attempting the same voyage that had ruined its 

redecessor. Canada is a country the resources and 
importance of which are all but unknown in the 
older countries of Europe, and only beginning to be 
ees by herown people. Railways, and these 
only, can unlock the treasures that are waiting to be 
developed, they must be the pioneers of settlement 
and improvement and cultivation. The finest wheat- 
growing country in the world is still unopened to 
the agriculturist, because he cannot get his produce 
to market; land that this year has produced fifty 
bushels of wheat to the acre is comparatively worth- 
less, because the cost of carriage eats up all its value. 
Coal deposits of the purest variety are there for 
any one to help himself along the banks of the 
Saskatchewan; the rich mineral belt of the Laurentian 
rocks stretching for 1000 miles round the head of 
Lake Superior, and outward towards the unknown 
western water-shed of the Hudson’s Bay, are 
scarcely worked for want of access; and last but not 
least, the great Canadian artery from the Atlantic 
to the Pacific, the shortest and best communication 
between England on the east and China and 
Australia to the west, still requires 2500 miles of 
railway to bé constructed over British soil all the 
way, and developing every mile of it as noble a 
country, as rich in resources, as worthy to be 
thoroughly opened up, and as capable of rewardin 
the labour bestowed upon it as any in a ls 
The railway system in Canadais only in its infancy 
commenced under difficulties, surrounded with 
discouragements, by mismanagement, cor- 
ruption, and folly, with credit gone, confidence 
destroyed, plunged in disgrace and insolvency, 
there is still a great field to be opened, a vast 
and remunerative work to be done, and a pro- 
sperous result to be obtained. The mistakes and 
follies of the past have to be avoided, the losses 
and dead issues of the former period have to be 
ruled out, in many instances a heavy bad debt has to 
be boldly written off, and the capital accounts must 
cease to include accumulated arrears of interest and 
discounts, and be what they profess to be, an ex- 
ponent of the actual money expended in the con- 
struction of the works. In the following papers it 
is proposed to sketch briefly the past history of the 
system, and the causes that have led to some of its 
eculiarities, and then to take each of the principal 
ines, especially those that have derived their capital 
from England, seria¢im, and give such details of their 
present position, condition, and prospects as are 
most obvious to a disinterested outside observer. 
Probably the time is now approaching when Canada 
must assume a very different position from that 
she has hitherto occupied, and when more thoroughly 
opened up, she will be found to be the most valu- 
able appanage of the British Crown, where a 
hun millions of loyal subjects of the Queen 
can find ample room for their occupation and 
prosperity ; doubtless also the grand conception of 
a main trunk line of railway 3600 miles long from 
Halifax to New Westminster will be realised in a very 


. 
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few years, and through this great highway Asia and 
Europe will find their best and shortest line of inter- 
communication. The existing railways of Canada, 
parts and branches of this noblest of all railways, 
are therefore not anworthy of notice. 


LITERATURE. 


First Appendix to Abstract of Patent Cases. By T. M. 
Goopeve, M.A., Barrister-at-Law. London: Henry 
Sweet, 1878. [Price 3s.] 

In our issue of September 22, 1876, we reviewed 

the work to which that now under notice is an ap- 

pendix. There have been, from time to time, com- 
plaints against the Patent Laws such as ought 
rather to have been urged against their administra- 
tion and the ill-advised and parsimonious action and 
inaction of those in authority. Most persons know 
of the attempts made during the last three sessions 
of Parliament at so-called ‘‘amendment” of the 
Patent Laws; in view of the general and persis- 
tent opposition to the several Bills, we are justified 
in asserting that the course judiciously adopted by 
the Government in not re-introducing the Bill of 
last session will be regarded by inventors and others 
with extreme satisfaction. But, in saying this, we 
do not mean to convey an opinion that there is no 
room for improvement in the present state of affairs. 
The improvements most required, however, are not 
such as to call for legislation; we will not say we 
should object to a short Government Bill to (1) alter 
the term of patents to twenty-one years, with pro- 
visional protection for twelve months, and right to 
add improvements from time to time; (2) reduce the 
cost of patents, say to about 5/. = annum ; (3) pre- 
vent the sealing of patents otherwise than in the 
order of date of the applications for provisional pro- 
tection ; (4) allow grace for payment of stamp duties, 
subject to a fine sufficient in amount to prevent 
abuse, But whilst admitting that these would be 
improvements, we deprecate any agitation, or the in- 
troduction of Bills by private members, at least for 
the present. We say, ‘‘ Let well alone.” Those 
who might attempt to secure improvements would 
probably not by any means have it all their own 
way, and thus it might well happen that there 
would be less protection to inventors than there 
is now, ames as there is now less protection in 
respect of trade marks than there was prior to the 
ae of the Trade Marks Act. Those who have 
ad experience of the working of the Act will fully 
appreciate this fact. We know that some persons 
wish to see a system introduced of preliminary ex- 
amination as to novelty, sufficiency of specification, 
and so forth. Now that is just the point which has 
given rise to the foregoing apparent divergence from 
the immediate subject in hand. Those who agitate 
for preliminary;examination urge that, as matters 
now stand, there is practically no check upon the 
specifications filed, consequently litigation is en- 
couraged and patentees suffer from their own igno- 
rance and that of incompetent practitioners, of whom 
there are many. There may something in this 
argument. But with at least equal force it may be 
said that the inventor would not be in any better 
tion were examiners appointed to harass him, 
ictate to him, delay him, and possibly mislead him, 
besides adding to his expenses, and, furthermore, 
that in the United States, where there is an elaborate 
examination system, with a large staff of examiners, 
there is much more litigation about patents, and this 
of a costly kind, than there is in the United King- 
dom. We contend that the evils which have 
been complained of are, in a very large measure, 
if not wholly, preventible, and have resulted mainly 
from the parsimony governing the Patent Depart- 
ment. Why are patent specifications so often badly 
drawn? Because in such cases the patentee is 
usually ignorant of the real requirements, and of 
the serious consequences a faulty document may 
entail ; or else, though knowing the importance of 
the document, his acquaintance with what has been 
already done in the {direction of his invention is 
limited, and he has not the opportunities he ought 
to have of obtaining the necessary information. The 
most effectual way of providing against these evils 
is to diffuse information for the benefit of inventors. 
The United States Patent Office authorities fully 
recognise this fact, and, as the result, we have in 
their official gazette, issued weekly, not only clear 
reports of the decided patent cases, for the informa- 
tion and warning of intending patentees on points 
of law; but also, with the like object of enlighten- 








ing inventors, there are given illustrated notices 
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(which, it is true, might advantageously be some- 
what elaborated) of all the patents issued, and g 
indexes. Although there is an enormous annual 
lus of patent fees in our own country, there is 
oolling in our Commissioners of Patents’ Journal in 
the way of information as to how the Patent Laws 
are interpreted, or of explanation of what has 
been patented. In view of this fact—so discredit- 
able and detrimental to a great industrial country 
like ours—all interested in patent property should 
be especially grateful to those enterprising private 
rsons who aid in compensating for the short- 
comings of the Government authorities. Such is 
the spirit in which we regard Professor Goodeve’s 
work under notice. It contains an abstract of patent 
cases from July, 1876, to December, 1877, and deals 
with no less than 18 cases. Yet it treats them 
succinctly, occupying, in all, less than 46 pages, 
exclusive of the table of cases and the index; which 
latter is ina very convenient form. Thus we have, 
for the small sum of three shillings, an intelligible 
statement of the law on various points, as last laid 
down, and this in a form so concise that the 
whole may be perused in about three hours; whereas 
the original published reports are scattered over 
various books, would take long to hunt up, cost 
pounds to buy, and occupy much time in reading, 
if, indeed, the inventor could be induced to wade 
through so much dry matter, which, after all, would 
probably land him ‘in a fog,” instead of enlighten- 
ing him as will the little work before us. We are 
giad to know that the author contemplates ge | 
a similar appendix annually, and we trust he wi 
meet with the support he so well merits, May we 
add, that we trust he will, when preparing his next 
issue, consider the Suggestions we ventured to make 
in regard to the original work, especially as respects 
including Privy Council cases, and illustrating cases 
of infringement. The impossibility of realising in 
some cases the exact points at issue, in consequence 
of the absence of comprehensible descriptions 
(which need not necessarily have been long) of the 
things patented, and the alleged infringements, 
certainly detracts somewhat from the value of this 
meritorious little work and its predecessor. Never- 
theless the Commissioners of Patents having spent 
some half million of money in presenting copies of 
their publications to public libraries, the trifling 
outlay needful to add Professor Goodeve’s valuable 
and instructive abstracts to each collection would be 
money well spent. 





Theory of Transverse Strains and its Application ‘in the 
Construction of Buildings. By R.G.Hatrrenp. New 
York : Wiley and Sons. 

The above is a well-arranged and clearly printed 

work of over 600 pages written by an architect for 

architects. Not without reason the author contends 
that writers of scientific books have failed to appre- 
ciate the wants of architects or to adapt themselves 
to the architect’s habit of thought, but he hopes 
that the present work will supply the deficiency. 

No one will dispute that in this country, and it would 

seem to be the same in America, the average archi- 

tect is entirely innocent of all knowledge of the 
theoretical principles governing the resistance of 
materials, and moreover glories in his ignorance. 

If the manufacturer venture to suggest that the 

girders designed by the {architect are in certain in- 

stances or at particular points strained beyond the 
elastic limit, the iatter will very probably retort that 
his experience is quite sufficient to enable him to 
say without any calculation that the proposed 
girders are strong enough, and indeed now that he 
comes to think of it rather too strong, because there 
are no less than 150 tons of iron in the build- 
ing under discussion, whilst in his last building, 
containing exactly the same number of cubic feet, 
there were only only 120 tons! We have known 
an architect, when his attention was drawn to the 
undue sagging of some rolled joists, walk away 
quite satisfied and remark that it would be all right 
as soon as the full thickness of concrete flooring was 
completed. Worse still, we have known an official 
inspector of dangerous structures, also an architect, 
contend that a certain fatal accident would not have 
occurred if the work had been good, and giving as the 
grounds of his belief an estimate of the crushin 

resistance of brickwork exactly five times the parse. 
resistance as ascertained by experiment. This shows 
but little advance on the statement of Mr. Jessop 
before the Royal Commission on London Bridge 
in the year 1801, to the effect thathe could imagine 

a weight which would crush a 6 in, cube of Port- 

land stone or even of granite, but could not con- 








ceive a pressure which would overcome the resistance 


ood | of a similar cube of cast iron. 


It is but too clear, therefore, that Mr. Hatfield's 
work will be of great value to architects if they can 
only be induced to read it, and;the author has offered 
every inducement by the avoidance of all techni- 
calities and unnecessary display of learning. We 
need not specify in detail what the work contains 
because it comprises all that the architect is likely 
to require, and much that will be of interest to an 
engineering expert also. As an illustration of the 
latter we may instance the experiment on the 
effect of ‘‘ herring-bone strutting” to joists in which 
the author found the load supported with a given 
deflection to be increased from 38 lb. to 155 lb. by 
reason of the strutting, and as another illustration 
we may cite the experiments relating to the maxi- 
mum loads which can come upon floors and to the 
effect of the movement of a mass of people in in. 
creasing the apparent statical weight. . Hat- 
field, from trustworthy data, estimates the avi 
weigh%of men, women, and children at 105.5 Ib. each, 
or 50.64 lb. per square foot, and that of full grown 
men alone at 66 lb. per square foot, but on one occa- 
sion he confesses that he found this latter figure in- 
creased tc 75} lb. 

With reference to the effect of the movement of 
people, the author advances a theory which very 
possibly he has already withdrawn, as the fallacy is so 
obvious, He says “the moving force of a falling body 
isknown to beequal to the square root of 64} times the 
space fallen through in feet multiplied by the weight 
of the body in pounds,” and having assumed that in 
walking the body rises and falls a quarter of an inch, 
he deduces the apparently very reasonable result 
that the average weight of 66 lb. per square foot is 
increased to 76.4 lb. when a crowd is in motion, If 
he had happened to assume } in, instead of } in., he 
would of course have found the weight by his rule 
diminished to 541b,, and have thus detected the 
presence of the old fallacy underlying all attempts 
to express dynamical forces by statical equivalents. 
However, all writers are liable to oversights of some 
kind, and the present work certainly contains less 
than the average of false deductions and more than 
the average of valuable data. 





HORIZONTAL FANS FOR FEEDING 
FURNACES. 
By JosepH J. BUTCHER, 
(Continued from page 119.) 

Tue following experiments were made by the 
author to ascertain the effects of various alterations 
to the speed of fans, and the position of the fall of 
coal — them, at Liverpool, in March, 1875. The 
chief dimensions which remained constant through- 
out were as follows : 


. Size of fans, 15 in. in diameter. 
Distance between fan centres, 153%, in 
. Width of dividing strip over space 
fans, #in. 

; Helght of edge of disckarg ning from bot- 
. Height o 0 0} m 
tom of fan disc, 5 in. — 

. Distance of edge of fan from face of boiler, 


3} in. 

. ~— of grate bars below level of bottom sur- 

ace of fan discs, 9} in. at dead plate and 

105 in. at — 

8. Area of grate, 5 ft. 9 in. x 2 ft. 6 in. 

9. Sides of furnace vertical and good reflectors 

being of board. 
10. ——- of slack used—small and mode- 
rately uniform, with scarcely any dust. 
Three experiments were made by the author in 
Liverpool in March, 1875, illustrating the effect of 
tubular furnaces upon the distribution of coal by 
a pair of horizontal fans, and the results are shown 
by diagrams A, B, and C on the next page. 
A. Aperture (« Fig. 6, on next 7# in. wide. Edge 
of discharge port, 1 in. yy ig. 7) behind line 
joining fan'centres. Description of slack used— 
small and dusty. No draught. 
1. Longitudinal section down centre. 
- ee aT at —~ — dies 
. Aperture (x Fig. in. wide. Edge of discha 

port 1} . (y ie. 7) behind line joini fon 

centres. Description of slack ebvonell and 

dusty. Nodraught. — 
1. Longitudinal section down centre. 

8 2. are te Fin 6) Siti at 7 ag — 

. Aperture (w Fig. 6), 514 in. wide. Edge of discharge 
port, 1} in. (y Fig. 7), behind line joining fan cen- 
tres. ption of slack used—small and dusty. 

Ne nita tinal 
1. Longi section down centre line. 
2. Transverse section at machine end. 

Careful experiments upon a cold grate surface (or 

rather upon a full-sized model of a grate surface, 


between 


I 2 oP wr 








furnace sides and bridge) having shown the impos- 
sibility of obtaining a perfectly level distribution 
with the old arrangement of fans, twenty-seven ex- 
periments of a merely tentative character were next 
made, the various beds of coal obtained in these 
experiments being shown in Tables IT., IIL, and IV, 
Care was taken to make the conditions in respect to 
draught similar to those of a furnace, so that the 
fine dust might not accumulate near the dead plate 
as it would have done had the air been ectly 
still, The arrangement of fans will be at once 
understood by an examination of the diagrams on the 
next A Figs. 6 and 7, a, a’, a®, Sore 
over which the small coal fell gradually on the 
fans 4, 4', b*, Figs. 6, 7, and 8, the structure of 
which is also le clear, as are their directions of 
motion indicated by the arrows upon the plan. The 
shaded portion in Fig. 8 marks the limits within 
which the pieces of coal first come within range of 
the beaters, which dispersed them over the bed of 
the model furnace ¢ c. It suggested itself that, 
without radically altering the structure of the 
machine, three separate adjustments might be made, 
each of which would probably have some alterative 
effect upon the distribution within the furnace. 
The width of the stream of coal descending upon 
the fans might be altered by widening the aper- 
ture aa', Fig. 6, or it might be made to fall over 
an edge more or less distant behind the fan centre 
line d d, Fig. 8, or the s of. revolution of 
the fans themselves might be altered. Each of 
these different adjustments was tried in three 
ways, and thus twenty-seven distinct combinations 
were formed, resulting in the twenty-seven different 
beds of coal, plans of which, with the depths at 
various points upon each bed, are shown in Tables 
IT, III.,and IV. It will be seen that in some instances 
the performance was very fair, as in No. 15, and 
in practice such a distribution has been found to 
give very excellent results against good hand-firing. 

Upon an inspection of the various beds it will be 
seen that the ridge form is throughout visible, and 
notwithstanding the many and varied adjustments 
it was persistently maintained. This was not sur-' 

rising, but it was somewhat consolatory that in the 
ger number of instances a transverse section of 
the coal bed taken in any part, would be almost 
exactly uniform in depth, But what was both sur- 
prising and annoying was the evident futility of 
attempting to obtain from the experiments such 
reliable data as would enable improvements in con- 
struction to be effected. The complication and 
confusion of the results were so great, although 
considerable care had been exercised and much 
expense involved, that the direct effect of any one 
of the alterations made could not be traced out. 
All that could be assumed at first was that. this 
confusion of results pointed to a corresponding en- 
tanglement of causes. 

Bat upon attempting to form a mental picture of 
the lumps of coal falling within range of the revolving 
beaters, and coming first into contact with them in 
such a position as a‘, Fig. 8, it was at once seen that 
they might effect their escape from the influence of 
the fan in one of three separate ways. They might 
(1) rebound so mong 9 to part contact at once 
and for all from the influence of the beater, in which 
case they would be expected to take directions 
almost perpendicular to its face at the moment the 
blow was delivered. But this would not explain the 
heavy discharge observed towards the near corners 
of the furnace in the directions e¢'c', Fig. 8, nor 
would it harmonise with the fact that coal is 
not only very inelastic, but,crumbles under a blow, 
so that if dropped upon a piece of iron from a con- 
siderable height scarcely any rebound takes place. 
Again (2), assuming only a slight rebound, they 
— part contact with the beater for a moment 
only, pursuing the path indicated, and then be again 
caught up by it nearer the edge of the fan, where it 
has a greater actual velocity, again experience a 
slight rebound, or more probably slide outwards 
along its working face, impelled by their centrifugal 
force, until they reached its edge and escaped from 
its influence altogether; or (3) they might not ex- 
perience any appreciable rebound even in the first 
instance, but simply slide outwards the whole dis- 
tance along the face of the beater as described, 
Considering how these last very similar assumptions 

with the observed facts, it will be at once seen 

they — the large discharge in the direc- 
tions ¢’c’, Fig. 8. For while the coal is within the 
influence of beaters, it is of course affected b 
their an traverse, é.¢., a certain time will elapse 
while it is sliding from its position of first 
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(a, Fig. 9) to the edge of the beater, and during this 
time the latter will have turned partially round its 
axis. Thus the point of escape will be about a', 
Fig. 9, the irregular meaey spiral path traversed 
while within the fan’s influence being like that 
indicated by the dotted lines; and as the initial 
direction taken by a free lump must always be about 
perpendicular to the face of the beater at the point 
at which the latter last influenced its motion, it will 





of the two latter hypotheses seemed satisfactorily 
to account for the observed facts, as that it might 
be said generally that the discharge of coal took 
place only from the outer edge of the four beaters, 
and that its initial direction is nearly tangential 
with the fan’s periphery at the point of its escape. 
We have said that the model furnace constructed 
was purposely of the simplest order, having vertical 
sides, and the manner in which the coal was dis- 


was thrown upon the furnace was somewhat com- 
plex, part of it coming direct from the fans, and 
part of it being reflected from the sides of the fur- 
nace, With fans of the same size, and revolving at 
the same speeds as those indicated in the Table, the 
greater part of the supply falling at the front of the 
grate is reflected from the sides at the positions 
6 to ¢, but little by a well-constructed machine 
being thrown there direct. We say “by a well- 











with Aperture in Firebox 


‘op 5}in. wide=a, Fig. 6. 


TABLE No. II.—Soundings Fd Beds of Coal obtained | Taste No. III.—Soundings of Beds of Coal obtained 
with Aperture in Firebox Top 63 in. wide=z, Fig. 6. 


TaBLE No. IV.—Soundings of Beds of Coal obtained 
with Aperature in Firebox Top 7% in. wide=a, Fig 6. 
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be disc towards the point 4, Fig. 9. It had 
been also — ih —- - near ge an 

ig. 8, scarcely anything but dust escaped, and it 
pet likely that this would arise from the fact 
that the proportion of centrifugal force to surface 
friction and atmospheric resistance would be less as 
the size of the lump decreased, producing a slight 
assortment during the coal’s angular traverse, and 
thus carrying the fine dust rather further round 





with the fans than the larger pieces. Thus either 


tributed will be easily understood from Fig. 9. The 
discharge of the coal from the fans was tangential 
or thereabouts from their peripheries, in the various 
directions 5, c, d.... m, m'..../' andg', and 
much of it was deposited in this manner, a large 
quantity however—fully one half we should think 
—flew sufficiently high and with sufficient velocity 
to strike the sides at the points indicated, and was 





then reflected from them in the directions 2 4!, 
dd',ii, &e. 


Thus the manner in which the coal | 


constructed machine,” fora reason that will be made 
clear later on. It may be stated that the sides of 
the model furnace were of a more elastic character, 
and therefore better reflectors than those usually 
found in ———, and this will serve to account for 
the fact that the front end of the grate surface was 
in these experiments so very lightly covered with 
coal, whereas it is more thickly clothed under the 
ordinary conditions of firing. 

In accordance with, “alk -to test this theory of 
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THE HATFIELD RAILWAY ACCIDENT. 


A CONSIDERABLE time has elapsed since the serious 
double collision on the Great Northern Railway 
near Hatfield, but as the Board of Trade report has 
only just been published it has not been possible 
hitherto to discuss it fully. We are now, however, 
in possession of all the facts, and can, therefore, 
analyse them with advantage. 

On the evening of the 4th of January last, an up 
goods train from Luton, on arriving at a pointa 
short distance north of Hatfield, separated into two 
parts, and the front wagons of the rear portion left 
the rails, fouling the main downline. The 8.30 p.m. 
down Scotch express, then almost due, ran into the 
wagons of the Luton train that had fouled the line, 
became itself entirely derailed, and when it stopped 
the engine stood partly across the up main line, 
causing the second collision with an up passenger 
train from Peterborough. Six or seven passengers 
were slightly bruised and shaken, and the drivers and 
firemen of the trains were injured. The damage done 
to the express was comparatively very slight, until 
the second collision occurred, The latter possesses 
few points for our consideration, which may, there- 
fore, be confined to the Scotch express, ‘Ihe per- 
manent way of the down main line was injured, 
four rails were bent, three chairs were broken, and 
five sleepers were cutand crushed—averysmall bill of 
damages, The express train consisted of an engine, 
tender, six carriages, and two brake vans, with three 
guards. The weight of the train was 146.2 tons, in- 
cluding 60.5 tons for engine and tender, and it was 
fitted throughout with Smith’s vacuum brake. It is 
alleged that the slight effects of the collision were 
due to the action of the brake. We willinquire into 
this pretension, after we have examined the evidence 
brought forward. The witnesses bearing important 
testimony were A. Sibley, the guard of the Luton 
train ; G. Prior, a clerk in the service of the Great 
Northern Railway Company, and riding in the rear 
van with Sibley; Mrs. Seabrook, wife of a guard 
living close to the scene of the accident; IE. Sutton, 
daughter of a platelayer, living next door to the 
woman Seabrook; R. Wimpress, rear guard; C, 
Davis, guard in the middle van; T. Tugwood, driver ; 
T, Chapman, fireman, all of the Scotch express. 
The other witnesses are of little importance. ‘The 
section and plan on the previous page give a per- 
fectly clear idea of the /ocale of the accident and of its 
general results, It may be convenient to summarise 
a few figures. The collision occurred on a falling 
gradient of 1 in 330. The point of its occurrence was 
162 yards from the bridge called ‘‘ Blue Bridge.” 
The length of the Scotch train was 107 yards, and it 
ran a distance of 158 yards beyond the point of col- 
lision, leaving 57 yards clear between that point and 
the rear of the last carriage. The speed was almost 
certainly 55 miles per hour, though Colonel Yolland 
appears to assume the average speed of the run to 
Peterborough, which was 51 miles per hour. 

Sibley, the Luton train guard, described the 
nature of the accident to his train, and how 
after quitting his van and walking south towards 
Hatfield, he found one of the coal wagons twisted 
round on to the down line. Knowing that the 
Scotch express was about due, he ran forward as 
fast as possible, passed under the bridge, and at 
about 800 yards south of it fixed two fog signals on 
the rails ; then the express coming, he showed his red 
light, but could not see that the brake was put on 
in response, Both fog signals exploded, and almost 
immediately after he heard the collision, Prior 
states that he followed Sibley (after screwing down 
the brake in the Luton train van) towards Hatfield. 
He had just passed through the bridge when he saw 
the express coming ; he saw avd heard both fog 
signals explode, and thought that the train had 
slackened down a little in passing under the bridge; 
driver and fireman were both in eager look-out, 
one on the right the other on the left hand of 
engine. When the train had passed he went on 
towards Hatfield and met Sibley, The two women 
above alluded to heard the fog sguals explode. 
One of the shells was picked up afterwards 330 
yards south of the Blue Bridge. 

Wimpress, the front guard of the Scotch express, 
deposed that when his train was aloud at the over- 
bridge south of the accident, he felt the brake — 
After the collision he went towards Hatfield, and 
overtook Sibley about 100 yards south of the bridge. 
This confirms both the latter as well as Prior, Sibley 
stating that he met Prior about 140 to 200 yards 
south of the bridge, and that he saw Wimpress 
afterwards, Wimpress further states that they were 








running fast when the brake was applied—50 to 55 
miles an hour; he could not say whether “he first 
felt the application of the brake or the passing under 
the bridge, but the two events were very close upon 
each other.” Davis, the middle guard of the express 
believes that it was very soon a/fer passing under the 
bridge that he felt the brake applied, that immediately 
after he felt the collision, and considers they were 
running from 40 to 45 miles an hour when they struck ; 
after the collision the speed was reduced to not more 
than 10 milesan hour. He thinks the vacuum brake 
acted very promptly ; two or three brake pipes were 
broken off. Tugwood, the driver of the express, 
maintains that it was not till hisengine had passed 
under the bridge, that the fireman called out 
‘‘There’s a red light.” He applied the vacuum 
brake, and it acted ieualieenr. He thinks the 
speed was 55 miles an hour, and the action of the 
brake, which he put on ‘as soon as he possibly 
could,” reduced the speed 10 or 15 miles per hour. 
There were 15 in. of pressure on the brake. The 
fireman corroborates the above statement; he 
screwed down his tender brake, and believes the 
speed was reduced to about 25 miles an hour before 
they struck. He did not see the red light till they 
were close on it, 6 or 7 yards from it, and is certain 
it was on the north side of the bridge. Jones, a 
goods guard, was travelling in the express train, and 
was in the middle brake van. He first felt the brake 
20 yards south of the bridge; he thinks the speed 
was reduced 30 miles an hour. According to 
Colonel Yolland’s report, the evidence of the express 
driver as to the point where he applied the brake is 
borne out by some of the passengers, i.e., that the 
latter felt the brake when passing the bridge. 

The rest of the evidence we may dismiss, as 
not bearing on the point we are considering—the 
action of the brake, 

It will be seen that the whole matter turns upon one 
important point. Was the brake put on just north of 
the bridge or some distance south of it? In support 
of the former statement we have the testimony of the 
driver and fireman of the express. In support of the 
other, the evidence of Sibley, the Luton train guard, 
of Prior, of the two women mentioned, of the exploded 
fog signal found, of Jones, a goods guard travelling 
in the express, of some of the passengers, and last, 
but not least, of the brake itself. It may be well 
to point out, first, the space of time within which the 
whole incident occurred. Accepting Sibley’s state- 
ment, and the assumption that the speed was reduced 
15 milesan hour at themoment of collision, and taking 
47.5 miles an hour as the mean speed, the whole affair 
from the showing of the red light to the accident was 
21.2 seconds. lf we suppose that the brake was put | 
on at the bridge, the clear distance was reduced to 
162 yards, and at the same mean speed the available 
time would have been 6.9 seconds, Running from 
the alleged position occupied by Sibley to the bridge, 
330 yards away, at the full speed of 55 miles, 
would have occupied 12.2 seconds. ‘These are very 
small intervals of time, and may very easily be 
misjudged under the most favourable conditions, 
while time and space can scarcely be appreciated 
accurately in the excitement of an impending and 
unknown danger. Assuming, however, that Sibley, 
Prior, &c., are all wrong, and that the driver and 
fireman are right, what have we to believe? That 
the fireman sees a red light, wlarms the driver, who 
puts on the brake, which has time to reduce the 
speed by 15 miles an hour, all in the space of 
6.9 seconds, The greater part of this time would 
have been occupied by the fireman giving the 
alarm, in the movement of the driver to the brake 
ejector, and in his operating it. 

Five seconds is a very short space of time to 
allow for all this, yet it would leave only 82.5 ft. for 
the brake to act and reduce the speed by 15 miles an 
hour. No brake that was ever constructed yet has 
done such a thing as this, The automatic Westing- 
house, which as every one knows is a far prompter 
appliance than the vacuum, could only (during the 
North British trials) reduce the speed of a train 
from 55 to 52 miles an hour in twice this 
distance, while the vacuum brake has scarcely 
begun to act at all, Even assuming an impossibility 
—its absolute promptness of action—it could only 
have reduced the speed by 15 miles in acting com- 
pletely over the full distance of 162 yards between 
the bridge and the point of collision. On the other 
hand the whole case is rendered perfectly clear by 
accepting the reasonable and corroborative state- 
ment of Sibley. He maintains that he gave the 
alarm 990 ft. south of the bridge. Make the same 


yards, aud falling again-te. 51.5 in 126 yards. 


the additional clear distance from the point of acci- 
dent would have been 586.5 ft. Now if the brake 
had been in perfect order, it should have reduced 
the speed far more than 15 miles an hour in this 
1072 ft. available. Either, then, Sibley was wrong 
about the distance, or the driver took more than 
five seconds to apply the brake, or the latter, not 
having auxiliary pumps, and only one ejector on the 
engine, was slower in its action than during the North 
British trials, Probably the two first causes com- 
bined to account for this discrepancy, and almost 
certainly the third was an important factor. We 
have seen that it was utterly impossible for the brake 
to have done what was claimed for it had it been 
applied on the north side of the bridge, and the de- 
finite evidence of Jones proves that he felt the brake 
on the south of the bridge. Some passengers likewise 
testify to having felt it as soon as the driver applied 
it, a thing impossible for the vacuum brake. 
The evidence of Prior, moreover, is too positive 
to admit of doubt, that when he was on the 
south side of the bridge, the express was between 
him and Sibley, while it is not disputed that any 
other but Sibley’s lamp gave the alarm. 

In order to obtain some further information as to 
what could be done with the vacuum brake in the way 
of quick stopping, Colonel Yolland requested that a 
train made up and weighing the same as the express, 
should be run over the same ground, This was 
done accordingly, but it will be readily seen that 
the results with a special train could give no indica- 
tion of what really took place at the accident. The 
proper mode of testing the efficiency of the brake 
would have been for one of the Board of Trade 
officials himself to test the action of the brake on 
the Scotch express without giving any previous 
notice; by this means he would have gained really 
valuable information. The experimental train was 
very carefully adjusted so as to gain the best pos- 
sible results, and a pressure of 25 in. was maintained 
on the brake as against 15 in. on the night of the acci- 
dent. The results furnished by the Great Northern 
Railway Company, and included in Colonel Yolland’s 
report, are in the Tables on the next page. 

We learn from a note annexed to the pub- 
lished Table that the alleged speeds at which 
the train was running, were deduced from the 
intervals of time occupied in running from Red 
Hall to the points where the brake was applied, 
except in No. 3, which was calculated from North 
Hatfield only. A glance at the intermediate speeds 
given in large figures is sufficient to show how 
utterly valueless this ‘Table is, and it is to be 
regretted that the Board of Trade should have lent 
its weight to such fallacious statements by the pub- 
lication of these results. In all the runs the speeds 
appear fairly given, until the interval between 
Hatfield south and Hatfield north, where (except in 
No. 3) they run up about 20 miles an hour in a dis- 
tance of 627 yards, to drop again to reasonable 
velocities. No. 6 is the most outrageous in this 
respect, as the speed rose from 56 to 76 miles in 
627 yards, dropping to 56 miles again in 523 yards; 
from 56 to 68 miles in 200 yards, dropping to 53.7 
in 158 yards; from 53.7 miles to 80.8 miles . 

t is 
needless to say that such variations in speed never 
were and never could be made in such distances, 
and toemploy them in arriving at the terminal 
speeds is evidently so unreasonable, that the 
point need not bs enlarged on. Moreover, the 
speed when the brake was applied was that due to 
the time occupied in running over the last distance, 
and it would have been as reasonable to include the 
speed made by a Thornycroft launch running 
between Barnes and Chiswick, as those made by the 
train at different times and places, than where the 
brake was really applied. The terminal speeds de- 
duced from the final times and distances, given in 
second column of the Table in large figures, show the 
absurdity of these deductions in still bolder relief. 

The mean speeds taken over the last distances, 
and given in third column of the second Table, are 
perhaps more in accordance, and if the average of the 
six stops be taken we have: speed 50.15 miles per 
hour ; yards run in making stop 352 ; time in making 
stop 20.7 seconds. These results correspond tolerably 
well with the experiments made on the North-Eastern 
Railway, and recorded by us on page 12 of our last 
volume, when the average speeds and distances were 
50 miles and 308.6 yards, These again make about the 
average comparison with the automatic brake which 
on the same occasion averaged 223 yards for 50 miles 
speeds, making about the recognised inferiority of 





allowance of five seconds for applying the brake, and 


the vacuum as compared with the Westinghouse. 
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REsULT oF EXPERIMENTS WITH SMITH’s VAcUUM BRAKE. 
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The following is the summary of results obtained 
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Still the discrepancies in the Table are so mani- 
fest that the only conclusion that can be arrived 
at is that it is absolutely useless and misleading. 
The only thing that can be said about these experi- 
ments is, that a train weighing the same as the 
Scotch express, and fitted with the utmost care, and 
with every detail to insure the best possible results, 
made some runs over the line where the accident 
happened, and that the brake stopped the train, but 
from what speeds, in what distances, or times, there 
is no evidence to show, for it is clear that an expe- 
rimenter who tabulates a rise of speed of 27 miles 
an hour in 158 yards, and a fall of speed of 29 miles 
in 126 yards, is not to be trusted with the measure- 
ment of distance or time. And as this Table is 
utterly unreliable, so no deductions can be drawn 
from it, and it is much to be regretted that Colonel 
Yolland should have taken the figures for granted, 
and based his deductions upon them. 

We believe that the following is the reasonable 
conclusion to be deduced from the accident. 

That the driver of the Scotch express running, at 
55 miles an hour, was warned by a red light shown on 
the south side of the bridge, at the spot indicated by 
the guard Sibley. That as soon as possible he 
applied the brake, which came into action, and 
was observed by the guards and passengers of the 
express when near the bridge ; being fairly in action 
it did its utmost over the 162 yards clear between 
the bridge and the wagon foul of the line, reducing 
the speed about 15 miles an hour as it ought to 
have done, The instant derailment of the train 
must have at once rendered the brake useless, and 
the train then proceeded at the reduced speed over 
the ballast, until it was pulled up 158 yards further 
on. The brake certainly did not fail in doing its 
duty, but it did it slowly as it always must do; un- 
like the automatic, being entirely useless if pipes or 
bags be damaged, it ceased to do work after the 
collision, leaving the remainder of the stop to the 
ballast. We see no reason to prefer the evidence 
of the driver and the guard of the express to that of 
the rest of the witnesses, especially when we bear in 
mind the essential characteristics of the brake. Had 


the ‘‘ experiments” subsequently made been at all 
reliable, such a conclusion would have been some- 
what modified, though even then we would have 
objected to consider as parallel cases a stop inter- 
rupted by a collision, and a series of stops effected 
by a specially prepared train, with 10 in. more pres- 
sure on the bags than the Scotch express could com- 








¢ Train checked by signal. 


mand, and with the men in charge prepared to do 
their best, instead of being suddenly roused to action 
by an unlooked-for danger signal. 

There is little doubt, if any, that if this train had 
been fitted with the Westinghouse instead of the 
vacuum brake, neither of the collisions would have 
occurred, 

Finally, we would point out the interesting 
illustration of the value of continuous brakes, as 
shown by the diagram we publish on page 179. 
express train, checked by the brake, stopped ulti- 
mately, derailed it is true, but well in line, and 
without any confusion among the carriages; the up 
Peterborough train, not fitted with a continuous 
brake, was thrown into wild disorder on striking. 
Of course this contrast is not a necessary result of 
the presence or absence of continuous brakes, for 
train collisions produce strange combinations, but 
the slight derangement of the express train is very 
similar to that on the Midland, which occurred a 
short time previously, when an express running at 
55 miles an hour down a gradient of 1 in 220, struck 


a coal wagon, and was at once derailed, pulling up | 


in 225 yards. In this case, however, the value of 
automatic action, which Mr. ,Smith’s brake does 
not enjoy (unless indeed he uses his firework attach- 
ment we published last week), is conspicuously 
manifest. In this latter case no warning was 
given, the train struck the wagon at full speed and 
became derailed, but the brakes went on, and hold- 
ing the rear part of the train, the couplings yielded 
and the two parts stopped with an interval of 77 ft. 
between them, 

We do not in any way wish to undervalue the 
merits of the vacuum brake; if there were no better 
to be had, we would} like to see it widely adopted, 
despite the defect it possesses of sometimes failing 
between stations, but inferior as it is and always must 
be to the automatic, itis to be much regretted that it 
should be employed at all where real train control is 
desired. The superiority of the automatic is ac- 
knowledged by all capable of forming a sound and 
unvrejudiced opinion; and on every comparative 
trial the results obtained speak most conclusively 
for themselves. But, in nearly every case, doubts 
have been raised more or less frivolous, which have 
produced an undeniable effect. What is wanted 
are simultaneous trials, with similar trains, on 
parallel lines, so that the competing brakes can 
be run side by side, and the results made mani- 
fest to the most casual observer. Of course the 
vacuum brake can never be made thoroughly efficient, 
for it cannot be made automatic—one of the most 
important qualifications —but if kept in order, and if 
it does not fail between stations, it is a useful brake, 
provided it is not called on in any emergency. 








OFFICIAL INSPECTION OF THE TAY 
BRIDGE. 

As briefly notified in the last issue of ENGINEERING, 
the official inspection of the Tay Bridge took place last 
week, that very responsible duty being performed by Major- 
General Hutchison, Inspector of Railways for Scotland. 
It was continued over the three days, Monday, Tuesday, and 
Wednesday, and was greatly facilitated by the circum- 
stance that the plans and working drawings had been in his 
hands for some time. 

The inspector was met on his arrival in Dundee, shortly 
after ten o’clock on Monday morning, by ex-Proyost 
Cox, chairman of, the Tay Bridge Company, and by Mr. 
Bouch, C.E. Previously six the largest locomotives 
were run across the b from the south side of the Tay 
asa sort of preliminary test. On the engines there were 





The, 


Mr. John Waddell, contractor ; Mr. Allan Stewart, C.E. ; 
Mr. Holmes, locomotive d ent, Cowlairs ; and Mr. 
Simmons, local traffic superintendent, all of the North- 
British Railway. ; 
The inspection pape on the ae he oneme, the six 
engines placed on each span successively, their 
gate eet ane almost equal to the full len of the 
span. There was no ptible deflection on the girders 
with the exceptionally heavy load thus brought to bear upon 
them. By two o’clock p.m. all the spans were com- 
pletely tested, and shortly afterwards the inspection of the 
smaller spans was commenced and continued till late in the 
afternoon, with the same satisfactory results. General Hut- 
chison expressed his satisfaction with all he saw. On the 
following day the work of inspection was continued, and on 
Wednesday General Hutchison gave to the piers and the 
substructure generally a similar careful examination to that 
which he gave to the superstructure. He sailed across the 
river, inspecting the piers, in order to ascertain if any 
damage had been done by his operations on the preceding 


days. 

Speaking of the official i ion by General Hutchison, 
Mr. Bouch, the ineer of this important work, remarks 
that the object of the examination and test should be borne 
in mind. It was to in, beyond every possible doubt, 
that the work in design, material, and execution is equal 
to its requirements, making the security of the public, as 
far as these three essentials are » an absolute cer- 
tainty. The inspector made this test with six of the largest 
and heaviest engines which have yet been built — each 
engine and tender weighing 72 tons, and covering a length 
of 48 ft. 6 in. from the extreme points at which the load 
bears on the rails. It is obvious, therefore, that with five 
of these engines, coupled or placed close ther, a weight 
of 360 tons was distri over one of the largest spans 
of 245 ft. in length. This load was first placed on the 
girder as a dead load, and then as a moving quantity —the 
utmost deflection or bending bei iZin. He pro- 
ceeds to say that when it is consi that one of these 
spans can only carry at one time twelve mineral wagons, 
each weighing a pom weight of 13} tons, giving a total of 
162 tons, it will be evident that the test load, which was 
ya on with such a satisfactory result, was more than 

uble the greatest possible working load which can ever 
come on the bridge. Again, as regards the senger 
traffic, the comparison is even more assuring. Eight ordi- 
nary carriages are all that can be on one of the large spans 
at one time ; and if these are all filled with people—say, 
50 in each—the total weight will only amount to 109 tons, 
or less than one-third of the testing weight. But the 
Tay Bridge itself is unprecedented in its » wedi rry and 
so the two thi are _—e The result, however, is the 
complete establishment of this fact—so important to the 
public—that the bridge is strong ont of all proportion to its 
possible necessities. As a matter of fact, the load which the 
structure is calculated to carry is six times greater than 
that which it was subjected to by General Hutchison. 
The smaller spans yielded results quite as satisfactory as the 
large ones, and jsuch a verification of the integrity of a 
work so important and novel in its great engineering 
features, so bold in its enterprise, and of such vast signi- 
ficance as a commercial fact, must be a source of pleasure 
and gratification to the whole engineering world, quite as 
great indeed, as it is to the public of Dundee, and to those 
whose skill and energy have brought it to completion. 


—— 


HUNDRED-Ton Guns.—We are informed that the 
Government has just purchased from Sir W. Armstrong 
and Co. four of the hundred-ton guns that firm has com- 
pleted, or are in course of construction, for the Italian 
Government. 


GrRMAN Coat Minine.—The production of coal in the 
Sarrebruck district in 1877 was 4,403,958 tons against 
4,450,607 tons in 1876, and 4,473,206 tons in 1875, The 
production thus declined in the course of the last two 

ears to the extent of about 70,000 tons. On the other 
and, the production of the Ruhr basin has considerably 
increased since 1875. 











RENFREW Harsour.—At the ordinary monthly meeting 
of the Renfrew Town Council, held the other day, the 
report of Mr. Kinipple, C.E., Greenock, on the proposed 
formation of a new harbour was read. Mr. Kinipple, who 
submitted for the option of the scouncil the ils of four 
different schemes, pre his statements with an expres- 
sion of opinion that the harbour should be constructed to 
afford a depth of not less than 20ft. at high water, and in 
a manner to allow of its being further deepened at any 
future time. No. 1 scheme provided for 1300 ft. of quayage 
accommodation. The estimated cost was 25,7221. if the 
excavated material was allowed to be on the Elderslie 
Estate, and 33,3201. if it had to be removed tu the sea. 
The length of quayage afforded by scheme No. 2 was 
i ia and ot a 27,4001. 4 scat re- 
spectively. o. 3 scheme, if adopted, wo ve qua 
accommodation to the extent of 1055 ft. at a cost of 19,3351. 
and 26,3701. respectively. No. 4 scheme comprised the 
extension of the present harbour on the Elderslie Estate to 
afford 958 ft. of quayage, necessitating the purchase of two 
acres of land at 15001. per acre. The respective sums this 
scheme would cost were 14,9221. and 17,0171. It was 
further reported that a deputation of the council had had 
a meeting with the directors of the Glasgow and South- 
Western Railway Company to explain the nature of the 
proposed works, and ascertain their views upon the subject. 
The directors, it was stated, were favourable to the 
formation of a large harbour, and wished to have laid 
before them the resolution the council might come to. 
Mr. Simons moved that the report be 


committee instructed to continue negotiations, which was 








unanimously agreed to, 

















































































EE 





182 


ENGINEERING. 





[Marcu 8, 1878. 











| ‘ 
Ww « 
Ai PS Fs ina ae TA 

Ix our report of the implements at the Royal Agri- 
cultural Society’s Show at Liverpool last year, we drew 
special attention to the novel feature in harvesting imple- 
ments there introduced. This novelty consists of an 
attachment to the harvester in the shape of a sheaf-bind- 
ing apparatus, which effects its work and delivers the 
sheaves on the ground as the harvester proceeds with its 
work of reaping. Five of these sheaf-binders were ex- 
hibited, but it is only with one of these that we have at 

resent to deal. This is the apparatus made by Mr. 

alter A. Wood, of 36, Worship-street, London, and of 
which, as attached to that gentleman's harvester, we 
show a rear view in the accompanying engraving. Before, 
however, describing the sheaf-binder, we have scmething 
to say respecting the harvester itself, one of which, in its 
improved form, we have recently examined. The object 
of the improvement is to adapt the implement perfectly 
for English crops, which are longer than those of America 
and the colonies, and the straw of which is of greater 
value here, being all required by farmers for their live 
stock. In the first place, then, Mr. Wood has introduced 
an adjustable reel, placed under the control of the driver, 
and which can be raised for long corn and lowered, and 
at the same time brought inwards to the machine when 
laid crops have to be dealt with. This improvement 
enhances the value of the binder, as it causes the corn to 
be delivered in the right place for transmission to the 
binder. 

The seat for tho driver, which formerly was placed 
quite to the rear of the machine, is now placed inside 
just over the elevator and considerably to the front. This 
position of the driver increases the stability of the 
machine and enables him to drive his team himself in- 
stead of a second hand being employed for that purpose. 
He has full command of the machinery of the implement, 
the various levers and handles being close within reach 
of either his hands or feet. In frent of him is the lever 
for setting the knives at the proper level, whilst close by 
is the lever for setting the binder for long or short straw. 
Just behind his elbow is another lever for throwing the 
whole machine into or out of gear, whilst by his feet is a 
treadle for arresting the working of the binder alone, 
when the harvester enters a thin portion of the crop. 
When the crops are full the binder makes and delivers a 
sheaf every 10 ft., but where the cropsare thina greater 
distance must be traversed between each sheaf, and this 
6 governed by the treadle. Besides all this the machine 
generally has been enlarged, so that it will now collect, 
elevate, and bind the longest crops grown in this coun- 
try. It was mainly upon this point that objections were 
raised to the American sheaf-binders at the Liverpool 
trials last year. 

Having advanced thus much with respect to the 
harvester generally, we will now describe Mr. Wood's 
ingenious self-binder. The cut cornis laid by the reel 
on an endless band platform, by which it is delivered 
into the elevator, which is seen rising up on the right of 
the driver. The elevator consists of a series of india- 
rubber bands carrying curved tines which project beyond 
the inclined metal breasts which divide the series of tints 
or prougs. On the corn reaching the top, the tines are 
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withdrawn, and the corn is carried over and deposited in 
a concave holder, where it rests until a sufficient quantity 
has been collected to form a sheaf. There is in connexion 
with the elevatora light slotted elastic guard, which termi- 
nates above the curved breast. This guard holds the grain 
close to the tines of the elevator, and also prevents it from 
being scattered by the wind. The requisite quantity of 
corn for a sheaf having been delivered, which with 
heavy crops occurs at every 10 ft. of distance traversed, 
the binding apparatus is automatically brought into 
action. This consists first of a curved binding arm 
carrying the shuttle with the binding wire, which 
arm is brought over the corn and encircles it,a gripping 
arm or compressor being brought up underneath the 
sheaf to hold it firm. By this means the wire is 
not subjected to over-straining. The wire is secured 
by means of a twisting pinion which is fixed in the 





head of the binding arm, and a rack which is fixed in an 
open slot, which is formed in the concave holder, and 
through which the arms pass. As the binding arm descends 
its pinions gear into this rack and it is rotated, causing the 
wire to become twisted. At the same time-the wire is 
made to engage with a pair of pliers which, sever it and 
hold the shuttle end ready for the next sheaf. The slack 
of the wire is taken up by a simple spring tension box placed 
under the concave holder and behind the open slot. As soon 
as the sheaf is bound a curved ejector arm comes into opera- 
tion and gently delivers it on the ground by the side of the 
machine and without loss of grain. We have referred to 
the circumstance that the driver has at command the means 
for adjusting the binder for long or short crops. For long 
crops the binder remains in its normal position as shown 
in our engraving. For short corn, however, the concave, 
with the whole of the binding mechanism, is shifted for- 
wards the desired distance. The corn is always de- 
livered in the proper relative position to the binding 
arms, so that it is encircled in the middle of its length. 
The platform and elevator are driven by a single system 
of chain gearing as seen in the engraving, whilst the bind- 
ing and compressing arms and the ejector are actuated by 
bevel and segmental gear. Altogether the machine is 
devoid of any complication in its details. 

One of the main objections in this country to sheaf- 
binders using wire, and which we ourselves have urged, 
is that the wire would prove a source of danger to the 
cattle if it got mixed with the fodder, as it probably 
would. In America and elsewhere, where straw is not 
utilised in this respect, the admixture of wire is of no 
moment. But this objection has been successfully met 








in practice by Mr. Wood by the introduction of a simple 
pair of shears and pliers, which are also shown in{our en- 
graving. These shears, at the same time that they cut the 
wire, hold it fast, and the attendant simply has to throw 
the wire band behind him from the shears. Thepractical 
value of this little instrument is affirmed by Mr. R. 
Neilson, of Halewood, Liverpool, whose experience in the 
use of the first prize machine—which he purchased—is 
that with the holdfast nippers the wire was cut and 
securely held to be drawn from the sheaf, whilst feeding 
to the thrasher, and dropped by the attendant behind 
him. Not a single piece of wire was carried forward 
with the sheaf, which untoward circumstance could only 
occur from wilfulness or gross negligence. We thus find 
the only objection to the wire band at once removed, and 
when to the verdict pronounced last year by the judges 
of the Royal Agricultural Society of England, that Mr. 
Wood’s sheaf-binder was the best of the competing 
machines, we add the improvements we have described, 
we cannot predict for this invention a future in Great 
Britain less successful than in America and the colonies, 
where we are informed there are over three thousand 
of them in use. 





TRIAL OF RAILWAY COUPLINGS. 

THREE systems of apparatus for enabling railway wagons 
to be coupled without men going between them were 
exhibited at a trial held on Friday, the 22nd ult., at the 
Great Northern goods yard, King’s Cross, these couplings 
being the inventions of Messrs. James Douglas, of 
Blaydon-on-Tyne, Richard Harrison, of Newcastle-on- 
Tyne, and J. G. A. Walker, of Retford, respectively. Of 
each of these arrangements we subjoin particulars. 















































WALKER’S RAILWAY COUPLING. 


Mr. Douglas uses a pole (see sketches on the opposite 
page) similar to those at present employed by shunters, 
but having a peculiarly formed hook or catch at its end 
which is best described as a cross with one horizontal limb 
removed. A slight addition to the front link of existing 
coupling chains is required in order that they may be 
used with this pole. 

An arched rib is welded across the upper side of the 
link at about two-thirds of its length from the front. 
Thus to couple the shunter rests the pole on the buffer 
rod and puts the crosspiece of the pole into the arched 
rib of the link from above, and twisting the pole the end 
link is turned into an inclined position, its nose pointing 
upwards and towards the adjoining truck ; the link is 
now easily raised and dropped on to the draw-hook. Any 
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HARRISON’S RAILWAY COUPLING. 
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lateral movement is easily given to the coupling 
chain without fear of its slipping from the pole, as the 
crosspiece on the pole and arched rib on the link enable 
the operator to retain a firm hold of the coupling. 


FIC. 1. 





DOUGLAS’S COUPLING APPARATUS, 


The arrangement submitted by Mr. Harrison was an 
improvement on that already described by us (page 493, 
vol. xxiv.), and is shown in the accompanying perspective 
view and sectional diagram. The general arrangement 
is similar to the form previously described, and the 
following description will make its action quite clear: 
On first turning the shaft A the studs H H welded on 
the inner sides of the curved arms C C pass in front 
of the segments LL, which are welded to the cheeks 
GG, and thus prevent them moving forward whilst the 
link F is being raised by means of the horns E E, and 
curved arms CC. The segments L L are of such a 





length that when the link F is sufficiently raised the 
studs H H are high enough to clear the segments L L, 
as shown in full lines, so that the whole coupling is free 
to move forward, and passes over the hook on continuing 
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HARRISON’S RAILWAY COUPLING. 


the upward motion, as shown in dotted lines. This 
forward motion is obtained by the incline of the curved 
arms C CO, and also by the weight of the front portion of 
the link F (acting about the horns E E asa fulcrum) being 
sufficient to,overbalance that of the cheeks GG, and 
hind portion of link F. To uncouple, the arms are turned 
upwards, as for coupling, and by reason of their form 
give to the link a forward, and at the same time upward 
motion, thus enabling it to be freed from any foim of 
hook. When free the upward motion of the arms is 
continued until their surfaces are inclined towards their 














own wagon. The link F slides on its horns EE down 
the inclined arms away from the opposite hook, the handle 
D is then let go, and the coupling drops clear into the 
vertical position, shown by dotted lines in the sketch. 

Mr. Walker’s coupling is a more complicated contri- 
vance than the two already described, and it is illustrated 
by the engravings on the opposite page. It consists, as will 
be seen, of a horizontal bar extending across the end of the 
wagon and turning in eye-bolts fixed to the latter, the bar 
having handles outside. Fixed to this bar is a cylinder 
containing the lifting bar, and a spiral spring, as shown, 
a collar connecting the lifting rod to the spring. For 
tilting the end link of the coupling, when trucks are close 
together, a chain is provided, this chain being furnished 
with a handle. To couple wagons which are close 
together, the chain is first pulled lightly, and the handle 
is then pressed down. To uncouple it is only necessary 
to press the handle at the end of the crossbar, and then to 
tilt the link and let the handle fall. The modus operandi 
will be readily traced out by the aid of our engravings. 
The contrivance is ingenious, but somewhat complicated. 

Tne trials as carried out on the 22nd ult. were of a very 
severe character, sufficient to show any defects in the 
various schemes. The operations of coupling and uncoup- 
ling when the wagons were standing with their buffers 
touching were first shown. In this trial both Douglas's 
and Harrison’s worked perfectly, the latter having the 
advantage in point of time. In the case of Walker’s, in- 
convenience was caused by the necessity of making three 
motions, one hand being employed to elevate the nose of 
front link by means of the hand chain, and the other hand 
having to raise the whole system by means of the side 
handle, and at the same time give any side motion to the 
coupling that might be required by pulling out or 
pushing in the cross-shaft. With this system time was 
sometimes lost by the operator inadvertently moving the 
link to the wrong side whilst raising the coupling. 

The next two tests consisted in separating the wagons, 
leaving a space of about 30 yards between each. The 
engine was then backed at about 8 to 10 miles an hour, and 
as the wagons came together they were to be coupled up. 
On both occasions Douglas’s and Harrison’s worked well, 
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being coupled as soon as the respective wagons touched, 
but in the case of Walker’s more time was required, in 
one instance as much as four minutes, when the links had 
got jammed together. 

As it was thought that the long link of Harrison's 
coupling would fly off the draw-hook when the wagons 
were buffed hard together, the end wagon was spragged 
and the engine brought up smartly, so that every buffer 
head in the train was, jammed hard against the buffer 
casting. This was repeated twice, but with the same 
result, the link never flew off the draw-hook, and on 
starting the engine forward sharply, the wagons were 
found to be still coupled. 

Some tests were then made to show the action of 
Walker’s arrangement in the event of the coupling chain 
breaking. Two wagons were coupledtogether, and the pin 
connecting the coupling chain to the draw-hook with- 
drawn. On the engine being started forward the cotter 
was cut through, and the lifting rod pulled out of its 
cylinder without damage to the rest of the gearing. 

It will be seen that with Harrison’s coupling no such 
provision is necessary, as the lifting gear is completely 
detached from the coupling. There are moreover in this 
arrangement only seven separate pieces. The time re- 
quired to couple or uncouple with this system is very 
short, being only two seconds, and altogether the result 
of the trials above mentioned appear to confirm the 
opinion we expressed concerning thts arrangement when 
we first described it a short time ago. 


HORIZONTAL CONDENSING ENGINE. 

We give this week a two-page engraving of one of a 
series of horizontal condensing engines which are being 
made by Messrs. Dick and Stevenson, of Airdrie, from 
the designs of their manager, Mr. D. N. Morton, the par- 
ticular engine illustrated being one with a 20-in. cylinder 
and 2 ft. 6 in. stroke. As will be seen from our en- 
graving the frame is of the Corliss type, and is of par- 








ticularly neat design. The governor is of the high-speed § 


loaded type, and it in this case acts upon a balanced 
throttle valve, the expansion slide being adjusted by hand. 
In some cases, however, the expansion slide is arranged 
to be controlled by the governer. 

The air-pump is vertical, and is 12 in. in diameter 
with 12 in, stroke. Itis worked froma rocking shaft, the 
vertical arm of which is coupled to the crosshead, as 
shown. The feed-pump, which draws from the hot-well, 
is worked from the same rocking shaft, as is also the in- 
dicator gear. The cylinder is in some cases steam 
jacketted and in others not. The general features of the 
design, which has evidently been worked out with much 
care, are so clearly shown by our engravings, that a 
detailed description of the engine will be unnecessary, 
and we need only add therefore that the first of these en- 
gines has been erected at Messrs. William Baird and Co’s, 
Oraig-Head Colliery, Bothwell, to drive a 20 ft. venti- 
lating fan by the samo makers, 





NOTES FROM THE NORTH. 
GuLasaow, Wednesday. 

Glasgow Pig-Iron Market.—The pig iron warrant 
market opened dull last Thursday, but improved 1d. per 
ton towards the close. Transactions took place in the 
morning at 50s. 11d. cash and 51s. 14d. one month, and 
eight days, the market closed with buyers at those 
figures, and sellers 1d. over. Sellers were firm in the 

ternoon, and 51s. cash was paid, the market closing with 
buyers at 51s. cash and 51s. 14d. one month, sellers near. 
The market was a shade firmer on Friday, but practically 
no change from Thursday’s quotations took place ; over the 
week, however, there was a fall of 4d. per ton. Business 
was done in the morning at 51s. cash and 51s. 1}d. one 
month, and the market closed with buyers at those prices, 
and sellers asking $d. per ton more. In the afternoon iron 
changed hands at 51s. 1d. cash and 51s. 3d. one month, 
buyers near. Monday’s market was very strong at an 
advance of nearly 4d. per ton, but after some excitement 
it closed less firm, at 2d. over last week’s closing quota- 
tions. Business was done in the morning at 51s. 44d., 
5is. 3d., and 51s. 5d. cash, and 51s. 6d. one month, the 
market closing with sellers at 51s. 4d. and 51s. 6d. cash 
and one month, respectively. In the afternoon there were 
transactions at 51s. 3d. to 51s, 2}d. cash and 51s. 4}d. to 
51s. 4d. one month, the closing quotations being—buyers 
51s. 3d. cash and 51s. 44d. one month, sellers asking }d. 
pertonmore. The warrant market opened yesterday with 
sellers very firm, and at an advance of od. but buyers 
were shy, and prices closed only 1d. higher than on the 
previous day. There were transactions during the fore- 
noon at 51s, 5d. to 51s. 6d. one month, and the market closed 
with sellers asking 51s. 5d. cash and 51s 6d. one month, 
bens b> offering 1d. less. From 51s. 4d. vo 5ls. 3}d. cash 
and 51s. 53d. one month were accepted duriag the afternoon, 
and the market closed—sellers Bis. 4d. cash and 51s. 5d. 
one month, buyers near. The market was firm this fore- 
noon, when business was done in warrants at 51s. 4d. to 
51s. 5d. cash, also at 51s. 6d. one month, the market closing 
with buyers at the best, sellers asking 51s. 6d. prompt cash. 
There was a steady market during the afternoon at the 
forenoon’s closing prices. The extreme trade depression 
which still exists, coupled with the continued uncertainty 
of the political situation, has had the effect of discouraging 
bu a wos —y fo to itself on rather = 
in down ay pe i the present week, 
when, in consequence of the —_ conclusion of peace 
between Russia and Turkey, the improved condition of 








the political atmosphere, a more confident tone began to 


show i There is now a very decided opinion that 
rices have at last passed their lowest level, and that an 
mprovement has begun to set in. Hitherto there has been 
ractically very little inquiry for special brands for spring 
elivery, but possibly a turn in the tide of affairs may now 
be depended on. One blast furnace has been laid off at 
Calder Iron Works (Messrs. William Dixon and Co., 
Limited), thereby reducing the total number in operation 
to 85, as against 119 for same date last year. Not- 
withstanding the diminution in the number of furnaces 
actually blowing from 87 to 85.within the last three weeks 
or so, the stocks of pig iron in Messrs. Connal and Co.’s 
warrant stores are somewhat heavier, the total up till last 
Friday night being 170,406 tons. Last week’s shipments 
amounted to 7860 tons as compared with 8630 tons in the 
corresponding week of last year. 
The Proposed New Wet Dock at Greenock.—At yester- 
day’s Greenock Harbour Trust meeting, it was intima 


that the specification of the sed new wet dock at Garvel 
Park had be revised a: ted, and the clerk was in- 
structed to advertise for pon omg as soon as convenient. 


Clyde Navigation Trust:—The ordinary monthly meet- 
ing of the Clyde Navigation Trustees was held yesterday 
—iaed Provost Collins presiding. The only business of 
— interest referred to the Parliamentary Bill now 

ing promoted by them. The chairman said that the Bill 
had lately been made the subject of a popular agitation, in 
the course of which it was hinted that the trustees had 
interest opposed to the ratepayers or had no interest in 
the trust. The fact was that of the twenty-five trustees 
no fewer than sixteen were ratepayers, and the whole of 
them merely desired to serve the public. The Parli 
mentary Bills Committee had prepared a statement which 
should satisfy every one as to the purposes for which the 
additional borrowing powers were required. The document 
mentioned by his lordship gave the following esti- 
mates: Works in progress under existing contracts, 
393,5187. ; additional works authorised, Queen’s Dock, &c., 
156,3111.; excavation and dredging, 72,4561.; river-side 
works, &c., 108,7621. ; 
widening of river at Elderslie, 22,2541. ; widening at 

ingfield y, 4901. ; additional river side works, 
136,131. ; work and expenditure authorised by the Bill, 
47,7741. The sums mentioned give a total of 1,046,1971. 
and deducting the available borrowing powers, which 
extend to 216,1971., the borrowing powers asked under 
the Bill, viz., 830,000. are obtained. It was mentioned 
that the Queen’s Dock, when completed, would add 3300 
lineal yards to the quayage of the harbour, and the sum 
required to complete it was 602,212/., the expenditure for 
which would be spread over a period of three years. 








NOTES FROM THE SOUTH-WEST. 

The Lydney Puddlers.—An interview which took place 
on Wednesday between the Lydney puddlers and Messrs. 
Allaway vosullied in the further adjournment of a pending 
dispute. It appears that the puldian were paid 9s. 6d. 

r ton with 7} per cent. discount, making 8s. 9d. per ton. 

otices which are now being resisted involved a reduction 
to 8s. 9d. with the same discount, giving an approximate 
rate of 8s. 1d. per ton, as against 9s. 3d. with 6d. bounty 
at Cinderford. The men have offered to resume work at 
8s. 6d. net, and this is a matter pending the consideration 
of Mr. R. Thomas, their employer, who resides at 
Lydbrook. 

Coal in the Rhondda Valley.—Messrs. Thunas and 
Griffiths, the owners of the Tynybedw and Gelli Collieries, 
have struck the celebrated Abergorki seam of coal at their 
new pits at Gelli. It appears that the coal is of excellent 
section and quality. 


Penarth Dock.—This dock is to be supplied with a 
atent slipway and gridiron. It will be erected by Messrs. 
Edwards and Fry (who have received the necessary per- 
mission from the Board of Trade) on the bank of the 
River Ely, north-east of Penarth Dock. 


Portishead Pier, Railway and Dock.—The engineer 
reports: ‘‘ The works are fast approaching completion. 
The masonry of the lock is complete, the gates finished, 
and the machinery for working the same in course of erec- 
tien. The masonry of the dock wall for its entire length 
is complete, with the exception of a few feet in length 
where the contractor’s road for depositing the excavations 
from the dock passes up. The excavation from the site of 
the dock will, I expect, be all out in the course of a few 
weeks. The invert between the outer gates and temporary 
dam has been completed. I expect the water will be let in 
during the month of April, and the temporary dam removed, 
when the outer work will be immediately proceeded with, 
and the whole completed in May.”’ 


Swansea.—The tin-plate trade would appear to be brisk 
as regards the make, the works being onfull time. Prices, 
however, are not encouraging, and the tendency is down- 
wards. There is more animation in the steel trade, and 
we hear of Government orders for war material having been 
received at the Landore Siemens Steel Works. 








Qursrc Harsour.—The Harbour Commissioners of this 
port have recently resolved to proceed with the proposed 
graving dock and other works at Point Levis, the contract 

rawings for which in their entirety have received the ap- 
proval of the Minister of Public Works for the Dominion 
of Canada. The above works are in addition to the exten- 
sive harbour works at the same port in course of con- 
struction at the mouth of the River St. Charles. Both 
works are from the designs of Messrs. Kinipple and Morris 
of Westminster and Greenock, under whose direction they 
will be executed. 


ted | that the new 


ving dock, No. 2, 108,5011. ;| p 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Water Works at Ilkeston.—The Local Board of Ilkes- 
ton has given notice that they intend to apply for powers 
under the Public Health Act, 1875, to construct a reservoir 
at Shipley, to hold 182,000 gallons of water, as well asa 
storage reservoir at Little Hallam, capable of containing 
7,000,000 gallons of water. 


Belper Gas C. .—At the annual meeting of this 
company, it ‘os oiedad hak the additional eee By been 
taken up, and that contracts for the construction of ad- 
ditional works and plant have been entered into. During 
pew year various alterations and additions have been 


Onetereed Water Works and Gas Light Company.— 
At the half-yearly meeting of this company dividends were 
declared, ranging from 30 to 5 per cent., and it was stated 
works of the company were likely to prove of 
great henefit to the neighbourhood. 


The Great Eastern Railway Extension.—At a special 
meeting last week of the Leeds Town Council, a resolution 
was passed supporting the scheme of the Great Eastern 
Railway Company for an extension of its system into 
Yorkshire. 

Water Supply of Swinton and Kilnhurst.—An extra- 
ordinary meeting of the Swinton Local Board was held 
last week in order to consider a scheme for supplying 
the populous districts of Swinton, and Kilnhurst with 
water. It was stated that a company had been formed to 
carry out the plans proposed, but in the course of the dis- 
cussion it was made clear that nothing could be done until 


lia- | the consent of the Wakefield Company had been obtained, 


and the meeting was therefore adjourned for that purpose. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday the attendance 
on ’Change at Middlesbrough was again above the average, 
ut business was as slow as it has been for many weeks. 
The prices were nominally the same as they were last 
week, being based on No. 3. selling at 41s. per ton. Owing 
to the pacific news on the Eastern question, there is a hope 
that trade will soon revive. 


The Cleveland Ironmasters’ Returns.—To-day (Wednes- 
day) the Cleveland ironmasters jhave issued their returns, 
which show the real position of the pig iron trade, and are 
more valuable than any comments. We append them in 
their entirety as follows: The number of furnaces built 
are 164; in blast, 103; damped down or out, 61. As com- 
pared with the returns for the same month in 1877, there 
is an increase of 5in the number of furnaces, and there 
are 9 fewer furnaces in blast, or 14 more furnaces lying 
idle. The total make of iron for the month of February, 
1878, was 145,273 tons, or a decrease of 13,768 tons on that 
of the preceding month. A new feature in these returns 
is the make of other kinds of iron including hematite and 
spieglesen, which is now being produced in considerable 
quantities. The make for February was 20,981 tons, 
<< 23,833 tons in January, a decrease of 3822 tons, 
which is easily accounted for in the shortness of the month. 
Eighty-nine furnaces are making the latter descriptions of 
iron, and 89 are devoted to the Cleveland iron proper. 
Shipments foreign of pig iron from the port of Middles- 
brough during February amounted to 214,558 tons against 
17,694 for January, showing a rather cheering increase. 
Last year’s February shipments were 12,132 tons. The 
shipments coastwise were 80,239 tons, being by a strange 
accident just 1 ton more than the previous month, and 404 
decrease upon February, 1877. The total stocks of the 
district in makers’ hands have increased 16,791 tons during 
the month, and stand now at 246,522 tons. The stocks in 
warrant have also increased in the public stores from 
47,170 tons in January, to 58,750in February, and in 
makers’ stores, from 38,450 to 29,795. 

The Steet Works.—Messrs. Bolekow, Vaughan, and Co. 
turned out at their splendid new works at Eston, Middles- 
brough, last week, no fewer than 1217 tons of steel rails, 
and the experienced manager, Mr. E. Windsor Richards, has 
orders which will keep the works occupied for months. 

Cleveland Institution of Engineers.—The fourth meet- 
ing of the session was held in the hall of the Literary and 
Philosophical Society, Corporation-road, Middlesbrough, 
on the evening of Monday, March 4th. Mr. Richard 
Howson, one of the vice-presidents, occupied the chair in 
the early part of the meeting, and the President, Mr. 
Thomas itwell, towards the close. After the usual pre- 
liminary business, the discussion on the paper read by Mr. 
J. A. Jones at the last meeting on mechanical puddling was 
entered on. This was most interesting, Messrs. Stead, 
Wilson, Marshall, Thomas, Spencer, Lester, White, and 
Howson criticising the paper on its physical, mechanical, 
and historical merits. Mr. J. A. Jones made an able reply. 
The President then read a paper communicated by Mr. L. 
Witnoffts, of Bochum, Westphalia, on ‘An improved 
fixed Bessemer Converter.”’ Mr. Charles Wood then described 
his new rail clip sleeper, which raised a good deal of very 
interesting discussion. The proceedings then terminated. 














Gravine Dock oN THE THAMES AT BLACKWALL.— 
The new graving dock for Messrs. R. and H. Green, the 
eminent shipowners and shipbuilders of Blackwall, is now 
rapidly approaching completion and is expected to be 
opened early next month. The dock is entirely faced with 

ite, and is probably one of, if not the finest private grav- 
ing dock in the world. The engineers for these works are 
Messrs. Kinipple and Morris, of Westminster and Gree- 
nock, and the contractors Messrs. George Baker and Son, 





of Stangate, Westminster. 
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PROFESSIONAL CHAIRMEN. 

Tue failure of the South-Eastern and London, 
Chatham, and Dover Railway Companies’ Fusion 
and Amalgamation Bill, through the adverse vote of 
the Chatham and Dover Company, under the im- 
pression that the South-Eastern had got the best 
of the bargain, is exactly what nineteen out of every 
twenty business men would have predicted as inevi- 
table on one side or other, under the existing cir- 
cumstances, The influences in force on either side 
rendered it purely a matter of esprit de corps that 
whatever was offered by the A’s would be unpala- 
table to the B’s, and vice versé. Each party had not 
only its own ends to achieve, but must for glory’s 
sake gain some advantage over the other, and as no 
game has yet been discovered at which both sides 
can win, the end was not difficult to foresee. 

It seems to us that if the proposed arrangement 
was desirable, the conditions of it could easily be 
settled by some impartial and experienced referee, 
but apart from the merits of the case, with the details 
of which we are but imperfectly acquainted, it strikes 
us that the personal rivalry of the two principal 
negotiators in this matter has contributed greatly to 
the result arrived at, and strengthened as it is by 
what has been going on for years between the 
Metropolitan and the Metropolitan District Railway 
Companies, has led to the consideration. of the 
present subject, which appears to us one of con- 
siderable importance in its public as well as other 
bearings, Among the numerous bright ideas of the 
present age @ notion seems to be gaining ground, 





especially among the companies in the Slough of 
Despond, that no railway company is complete with- 
out what is called a “ may gpa chairman” at the 
head of its directors. That is, a man who is practi- 
cally acquainted with the details of railway life, and 
is equally capable of packing a goods truck, or 
superintending the launching of a train which is to 
convey Her Majesty in person, including any com- 
plimentary speech that may be necessary on the 
latter occasion. It might, perhaps, be just as sensible 
to suppose that a marine insurance company could 
never be properly conducted under any other hands 
than those of a merchant seaman, or that a gas com- 
pany must be presided over by a clever stoker ;' but 
argument is useless, the requirements of modern pro- 
gress must be satisfied, and wisdom has no voice in 
the matter. 

The Boards of railway companies have fluctuated 
much since their commencement, especially as regards 
chairmen. For instance, in early days the company 
was started in the district intended to be traversed 
by the line, formed in great part of the principal 
gentry residing there, and headed by the most 
inflnential person among them; for distinction sake 
we will call the chairmen of these companies “ local 
chairmen.” These Boards were composed of persons 
who carried weight, and had a considerable stake in 
the undertaking with which they wereconnected, they 
were consequently regarded by the moneyed portion 
of the public as reliable leaders, and the company’s 
capital was raised without difficulty. Under them 
our main trunk systems were inaugurated, their 
councils in due time were aided by a competent 
traffic manager, and other able professional assistants, 
and both shareholders and the public are now toler- 
ably well satisfied with them. Subsequently rail- 
ways, as a money speculation, proved in many in- 
stances failures, and it became necessary to place a 
member of the aristocracy in the chair as a bait to 
shy investors. This period represents the reign of 
‘ titled chairmen,” and we think it was about this 
time that the institution of salaried Boards com- 
menced. Although men of the highest ability were 
included among these titled chairmen, the demand 
soon exceeded the supply, and the race degenerated 
in utility. The latter portion of the class may be 
termed ‘automaton chairmen,” In a crisis they 
were found to be only lay figures with wires under- 
neath—the pullers being the real acting men. The 
automatons flourished only a short while, but long 
enough to show the imperative cage eng achange, 
and we believe they are now wholly abolished, 
We will insert here by way of parenthesis, that 
throughout railway management there have always 
been some companies conducted by competent 
chairmen, and these we will catalogue as ‘‘ business 
chairmen;” their companies have generally prospered, 
but our attention is at present directed to the 
rickety undertakings, and we resume our subject at 
the point when they had become disgusted with the 
automaton. 

Pending the mutations to which we have alluded 
the original ‘‘ traffic manager” had swollen into the 
‘‘ managing director,” and in some cases was quite 
ripe for any further elevation that might be in store 
for him. Any cynical man who has never attended 
the meeting of a railway company has lost a capital 
opportunity for indulging his humour by observing 
shareholders under the opposite aspects of prosperity 
and adversity. Thousands of them were at the time of 
which we speak in the shady phase and welcomed any 
clever official as their true and only deliverer, whilst 
he probably, with as much reluctance as could be 
safely practised, allowed himself to be hoisted into the 
chair, and has taken good care never to leave it since, 
and this brings us to the “ professional chairman” 
and the present condition of things. 

The professional chairman has sometimes held 
other previous employment than that of traffic 
manager, but having placed him in the established 
stage his antecedents are practically unimportant 
now. ‘The process of manufacturing a professional 
chairman is unique in its bir and not altogether 
uninteresting. Ever since railway companies have 
been in existence the mode of keeping their accounts 
has been hedged about with mystery—capital and 
revenue being intermingled in some inexplicable 
and previously unheard-of manner—but which it 
has somehow come to be believed is essentially 
necessary in railway matters for purposes of policy. 
To produce the professional chairman a company 
must be found whods affairs are in a dilapidated 
condition, with a homeopathic, or better still, a 
prospective dividend. Some of the entangled 
items in the accounts must then be spotted and & 





shareholders’ committee of investigation appointed, 
with the would-be chairman at its head. e in- 
gredients will work of their own accord, and (not- 
withstanding a recent failure in the Great Eastern 
case) the desired end is pretty certain of accomplish- 
ment. We consider that this class of functionary is 
altogether a mistake, that his policy is anti-public 
and his main aim is to exemplify his own value ; that 
he has too much power and is under too little (if any) 
control; that his mandates are imperial and from 
them there is no appeal; in short, to compare small 
matters with great, it is autocracy against parlia- 
mentary government in railway matters. His pecu- 
niary interest in the concern under his management 
is probably confined to his qualification shares as a 
director, and these may have formed part of his 
terms for accepting office—it being the etiquette of 
the thing to suppose that a professional chairman 
accepts, not solicits, appointment. 

It seems to us that under his auspices everything 
must be sacrificed to the shareholder and his divi- 
dend; hence high fares, inferior rolling stock, and slow 
speed to avoid accidents, are of necessity part of 
his arrangements. Cheeseparing must be practised 
in every detail to contrast with past management, 
and the only outgoing based upon fair and equitable 
principles is the chairman’s salary. What our 
argument purports to show is that while professional 
men may be invaluable in their several capacities as 
officers of the company, they are fish out of water 
as chairmen. It will doubtless be urged on behalf of 
the professional chairman that he is the shareholder’s 
idol, that the company flourishes under his direction, 
andif his constituents are satisfied, outsiders have no 
right to comment upon him, or’ otherwise interfere 
in the matter, That is exactly the point upon which 
we join issue, the view, in our opinion, being un- 
tenable, A railway company differs from other 
trading communities in this, that it holds a public 
trust for which it is responsible, it has in the name 
of the public obtained legislative power to enter 
upon private property and make a highway for 
traffic, and to demand a toll for the use of it ; in this 
respect it has the monopoly of an entire area of the 
country, and is consequently bound to develop the 
trust committed to its charge so as to meet the public 
requirements ; any impediment to the fulfilment of 
these conditions is a hardship on the inhabitants of 
the district affected, who, in the absence of whole- 
some competition, are entirely in the company’s hands, 
We further contend that as the trade of the pro- 
fessional chairman increases, every company seceding 
from its present management will represent a share- 
holders’, and consequently anti-public railway ; and 
while this state of things lasts, the existing systems 
will be patched up to the detriment and exclusion of 
independent lines designed for improvement of pre- 
sent defects and for increased accommodation. 

And this we take to be an unanswerable argument 
to any plausible reasons ‘which may be set up on 
behalf of professional chairmen in the so-called 
shareholders’ interest; the shareholders’ real in- 
terest, in our opinion, being identical with that of 
the public, though we can perfectly well understand 
the professional man’s preference for the office of 
chairman. The peculiar charm of the term chairman 
a to us to consist in this, that it admits of 
plurality of office, which would be impossible in any 
other salaried officer of a railway company. 

The trade at present appears to be in a flourishing 
condition, constituting an oasis in the desert of 
general depression elsewhere, but it seems to us too 
attractive to remain long confined to the present 
limited number of professors. As further candidates 
appear, the quality will most likely deteriorate, but 
their presence may sow dissension in the camp, and 
bring about an internal rupture. Neither is there 
any warrant that even the present representatives 
will not quarrel among themselves and try to de- 
throne each other. As an illustration of which we 
would cite the case of the Great Eastern Company 
already referred to, and of the Metropolitan 
which preceded that, and was more successfully 
conducted, so that after all the gree hope ma; 
rest upon the old adage of Greek meeting Gree. 
and thus exterminating the race, Meanwhile there 
appears to be more chance of the professional chair- 
man enlarging his sphere of action than diminishing 
it, and until the anomaly of his existence is recognised 
and exploded, he will probably adbere to his current 
doctrines and act in accordance with them, When 
as a feature of history the professional chair- 
man dies, and the reaction consequent upon the 
termination of his existence takes place, share- 
holders will most likely awaken to the fact that the 
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old precedent of entrusting the management of a 
com to those who have the largest stake in the 
undertaking to be managed, and are consequently 
most interested in its success, is the true and best 
policy, and also that professional men should be 
used only in their proper places. 








THE ASSOCIATION OF CHAMBERS OF 
COMMERCE, AND THE PATENT LAWS. 
Art the recent annual meeting of the above Associa- 
tion, the first subject dealt with was the amendment 
of the Law on Patents for inventions. It is reported 
the Birmingham Chamber of Commerce, through 
Mr. J. S. Wright, moved, that the revision of the 
Patent Law should be determined during the pre- 
sent session of Parliament, that any Bill should 
provide for a considerable reduction in fees, that any 
preliminary examination should not go further than 
the point of novelty, that no patent should be 
anted to foreigners unless with the condition that 
icenses be granted to manufacturers in England, 
and that provisions should be made for cases of 
infringement being brought before local magistrates 
as provided by the Merchandise Marks Act, 1862. 
The resolution having been seconded, was dis- 
cussed at some length, and a gentleman from Scot- 
land, who objected to patents altogether, moved 
that the policy of retaining patents should be 
deterateed by Parliament as soon as possible, and 
that, if retained, it should only be on condition that 
licenses should be granted by patentees to all proper 
persons, This amendment found a seconder, but 
was withdrawn on its being pointed out that its 
subject matter had been discussed by the Associa- 
tion, and conclusively settled several years ago. 
The original resolution was adopted. Seeing that 
the attendance was both numerous and influential, 
the resolution thus approved demands some atten- 
tion. As we have on former occasions pointed out, 
it is an unfortunate feature in abstract resolutions 
like the one before us, that in terms they are such 
as may be in the main accepted by persons of 
extremely opposite views; and, therefore, such 
resolutions are of little or no practical value to the 
framers of any measure designed to improve the law. 
When objectionable Bills were before Parliament, 
we lost no opportunity of pointing out what we 
conceived to be their defects, and how they might be 
removed. But since the Government have—as we 
think very properly—decided to leave the law as it 
stands, at least for the present, we may say that we 
do not concur in the urgent demands of some 
agitators for alteration in the law itself. It is our 
conviction, based upon lengthened observation and 
much consideration, that any further attempt at 
legislation should be deferred until the most has 
been made of the law as it stands. The Association 
of Chambers of Commerce is an important body, 
but so also is the Society of Arts. Early in 1877 
the last-mentioned body presented to the Lord 
Chancellor a memorial bearing no less than 1145 
signatures, including those of the chairmen and 
other prominent members of various chambers of 
commerce, many eminent lawyers, engineers, patent 
agents, and inventors, the chairman and other 
members of the last Select Committee on Letters 
Patent, and others. This memorial, as many of our 
readers may know, represented, infer alia, that the 
provision of the Act of 1852, authorising the appoint- 
ment of one or more persons as Commissioners of 
Patents, in addition to the ez officio Commissioners, 
had not been acted upon, 20 Commissioners, as 
contemplated by the Act, having been appointed, 
and that thus the whole business fell upon the 
ex officio Commissioners, already overburdened with 
other important and heavy duties, and that if such 
additional Commissioners were appointed, duly paid, 
and made responsible for the effective working of 
the existing Patent Law, a large amount of benefi- 
cial reform would be obtained, and many of the 
objections made, if not all, would be got rid of 
without any further <r tee The memorial 
concluded with the following prayer: ‘* Your 
memorialists, therefore, humbly pray your lordship 
to cause the provisions of the Act of 1852 to be put 
into force by the appointment of one or more 
additional Commissioners of Patents, to whom 
might be entrusted the full ing out of the 
duties of the office, and who should be responsible 
for the same, and that no further legislation be 
attempted until after such Commissioners shall 
have been appointed, and the system contemplated 
by the Act administered in its integrity.” 
Surely, in face of this weighty representation, the 





Government will not easily be induced to depart 
from the course they have adopted of abstaining for 
the present from further attempts at legislation. 
We do not say we altogether object to the sugges- 
tions contained in the resolutions of the Associated 
Chambers of Commerce. We deny that the Act of 
1852 is in itself open to all the objections that 
have been urged against it, and we agree with 
the suggestion in the Society of Arts memorial that 
by carrying out the Act in its integrity many of the 
objections now made would be got rid of. One of 
the changes aimed at in the resolution of the 
Associated Chambers is reduction in fees, This 
would no doubt be advantageous, assuming the 
benefit to be derived from it were not outweighed 
by features of an objectionable character. We agree 
that if there is to be preliminary examination, it 
should not go further than the point of novelty. 
But if the resolution is to be taken as advocating 
the introduction of a system of preliminary examina- 
tion as to novelty, we consider it inopportune and 
open to grave objection. On this subject of pre- 
liminary examination there is a want of accord. 
When a Government Bill was before Parliament 
containing proposals as to preliminary examina- 
tion respecting novelty, we suggested modifications 
designed to alter the dangerous character of the 
proposed measure, Our suggestions were very 
generally approved, but in discussing them, we 
have been startled to notice with what confidence 
even owners of patents of questionable validity 
have objected that any examination made should 
be thoroughly acted upon finally by the officials 
—‘* Where ignorance is bliss’—we need not 
finish the quotation. But we think we could 
easily show some of these advocates for preliminary 
examination and determination of questions of 
novelty, that had the practice they contend for existed 
in past years, their pecuniary arrangements in the 
interval would at least have been somewhat modified. 
Respecting the suggestion that no patent should be 
granted to foreigners unless with the condition that 
licenses be granted to manufacturers in England, 
we are not quite sure it would be good policy to 
place special restrictions upon foreigners. The 
subject of compulsory licenses is one that has been 
much desaaied, Perhaps, should legislation become 
desirable, it might be as well to provide that where 
a patentee. does not by himself or through licensees 
carry on the manufacture in this country, if any 
responsible manufacturer here be desirous of work- 
ing under the —— the patentee must grant a 
license in consideration of a reasonable royalty. In 
the event of disagreement the rate might be decided 
by some impartial competent tribunal, the rate of 
royalty to be subject to revision from time to time, 
as circumstances might show to be advisable. But 
we do not say such asystem of compelling a patentee 
to grant licences should hold as against a patentee 
who either is himself engaged in the manufacture 
of the patented article, or has a bond fide licensee 
here able and willing to supply the demand. 

The proposal that provision should be made for 
cases of infringement being brought before local 
magistrates as provided by the Merchandise Marks 
Act, 1862, no doubt aims at simplifying patent 
litigation and reducing its cost. hether these or 
— satisfactory results would ensue is question- 
able. 








THE PHONOGRAPH. 

Ir is now eighteenmonths since Sir William Thom- 
son, in his presidential address to Section A of the 
British Association at Glasgow, made the startling 
announcement that, at the Centennial Exhibition, 
he had with his own ears heard articulate speech 
transmitted with unmistakable distinctness through 
a telegraph wire from a distant station; and in 
illustration of this announcement he held in his 
hand the instrument by which that marvellous feat 
had been performed. That instrument was the first 
articulating telephone of Professor Graham Bell, 
which was figured and described in these columns 
a few weeks after,* and which was heard but little 
of (and indeed hardly believed in) until the next 
meeting of the British Association a year after, 
when Mr. Preece gave an ever-memorable feature 
to the Plymouth meeting by introducing for'the first 
time the simple and more perfect instrument which 
has in the short space of six months become so 
universally familiar. 

In the midst of the excitement caused in this 








country by the telephone of Professor Bell, there 
came from the other side of the Atlantic the news 
that Mr. Thomas Alva Edison, the eminent scientific 
adviser of the Western Union Telegraph Company 
(to whom the world is indebted for the automatic 
telegraph, which is capable of transmitting a 
thousand words per minute, and for the invention 
of the quadruplex system of telegraphy), that Mr. 
Edison had succeeded in applying to the telephone 
an apparatus by which the vibrations of its 
diaphragm could be recorded in a material and 
permanent form which would be capable of repro- 
ducing precisely similar vibrations at any future 
time and at any distant place, so that words spoken 
into the instrument would be automatically recorded 
and stored up to be given out again when required, 
in the actual voice and tones of the original speaker, 

This statement was in one particular not strictly 
correct ; Mr. Edison’s apparatus, to which he has 
given the name of the Phonograph, is not an appli- 
cation to the telephone, although it may be said to 
have been suggested by the action of that instru- 
ment. 

The two instruments differ very materially in 
principle and altogether in purpose. The telephone 
is essentially a telegraphic instrument by which 
articulate and other sounds are both transmitted to 
a distance and reproduced by the agency of elec- 
tricity. The phonograph is a purely mechanical 
instrument (electricity playing no part in its opera- 
tion) for first embossing upon a metallic surface a 
phonetic record or model of sounds imparted to it 
and afterwards interpreting that record by using it 
as a templet for reproducing those sounds again, 
also by mechanical means. Both instruments are, 
however, conspicuous for the extreme simplicity 
with which their different objects are brought 
about. 

We need hardly remind our readers that all 
sounds, whether notes of music, articulate speech, 
or irregular noises, are produced by the motion of 
particles of air constituting sonorous vibrations, and 
that these sound-waves, as they are called, are pro- 
pagated by the motion of the sounding body im- 
parting its own vibrations to the air by which they 
are transmitted to the tympanum of the ear, the 
sympathetic vibrations of which acting through the 
auditory nerves convey to the brain the impression 
which is known as hearing. It matters not how two 
or more sounds are produced in the first instance, if 
their waves are identical in size and shape, the ear 
will detect no difference between them; but the 
delicacy of the organs of hearing is so great that 
the very smallest alteration in either the size or 
form of the waves is instantly detected and a different 
sound is heard, 

The size of sound-waves consists of two dimen- 
sions : (1) /ength, or, what is the same thing, the num- 
ber of vibrations propagated re unit of time; and 
(2) amplitude, or the depth of the wave measured 
from ‘crest to ‘‘trough.” The form or shape 
of the wave, is the path traced out by its pro- 
gressive motion among the particles of air in which 
it is propagated, and may have infinite variations. 
The /ength of the wave constitutes what is known as 
the pitch of the sound; the amplitude of the vibra- 
tion gives to the sound its force or loudness ; and the 


form of undulation is that which imparts to it the 


quality by which all the complicated variations of 
articulation and modulation, as well as differences of 
voice, are communicated to the ear. 

If sounds be uttered close to a stretched mem- 
brane, such, for instance, as the parchment of a 
tambourine, it will instantly be thrown into a state 
of vibration cor nding in rapidity and in ampli- 
tude with the sound-waves of the voice. But, at the 
same time, another set of motions, which may be 
imagined but cannot be described, will be imparted 
to it, depending upon the form and variation in 
shape of those waves. Now, if the parchment of a 
second tambourine could be set in precisely similar 
vibration by the movements of the membrane of the 
first, it would propagate in the air in its neigh- 
bourhood a set of vibrations corresponding in 
every particular with those by which the first mem- 
brane was set in motion, and a fac-simile of the voice 
would be produced. ‘ 

In the thread telephone, which is sold in the 
streets for a penny, and in the shops for half a crown, 
the motion is communicated between membrane and 
membrane by a thread or wire stretched between 
the two. In the telephone of Professor Bell it is 
transmitted by an undulatory current of electricity 
acting on a magnet ; and in the phonograph of Mr. 





* See ENGINEERING, vol. xxii., page 518. 
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emboss upon a sheet of metal a model or templet» 
which may be removed and carried away, and, by 
mechanical means, be employed to impart toa second 
membrane precisely similar motions to those by 
which it was itself produced. 

Fig. 1 is a general view of Mr. Edison’s instru- 
ment which has recently been brought to this 
country by Mr. Puscus, his representative. It con- 
sists of a brass cylinder, which, by a winch handle, 
can be rotated on a horizontal axis, upon which is 


fixed a heavy flywheel for the purpose of controlling, | 


to some extent, its speed of rotation. One end of 





| 


length and form being dependent upon the rapidi 
and character of the i oc wr of the matallig 
membrane combined with the surface speed of the 
cylinder. . 

In order to obtain a permanent record of this 
wave-like patha sheet of ordinary tinfoil is fastened 
round the cylinder, being secured in its place by 
brass caps, shown on the drawing; and, as the 
centre of the diaphragm is adjusted, so as always to 
be opposite to the middle of the groove, which is 
bridged over by the tinfoil, it follows that the pin in 
vibrating with the diaphragm must indent the tin- 


this horizontal axis is screwed, and turnsina screwed | foil, which, at any spot below it, is unsupported by 
bearing, so that the cylinder is not only rotated on | the resisting surface of the cylinder, having nothing 
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its axis, but has imparted to it a lateral movement 
from end to end when the winch is rotated. Around 
the circumference of the cylinder is turned a spiral 
groove, the pitch of which is the same as that of the 
screw on the horizontal shaft, so that if a fixed 
pointer were to be set in the groove at any portion 
of its length it would remain in it as the cylinder 
was rotated until it worked out at either end. 

In front of the cylinder and directed to its axis is 
fixed a thin metallic diaphragm carried by an arm 
attached to the stand of the instrument, and pro- 
vided with adjustments by which a steel pin pro- 
jecting from its centre may be accurately set in the 
middle of the groove and at a proper depth ; and in 
front of the diaphragm a mouthpiece is fixed very 
similar in form to that employed in Professor Bell’s 
telephone. 

From the above description it will be evident 
that if the diaphragm be set into vibration by 
sounds being uttered into the mouthpiece, the steel 
pin attached to it, partaking of that vibratory mo- 
tion, will enter to greater or less depths into the 
groove on the cylinder, according as the amplitude 
of vibration of the diaphragm by which its motion 
18 controlled be large or small. If, while this vibra- 
tion is going on, the cylinder be rotated in its 
screwed bearing, the point of the pin will trace out 
a spiral undulating path of motion within the 
groove, the amplitude of whose waves will be equal 
to that of the vibrations of the diaphragm, their 
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but a groove behind it, and as the cylinder is ro- 
tated, a chain of indentations is produced, which is 
in every particular a record of the sounds which 
originated them. 

So far the apparatus is complete as an instrument 
for recording sounds, and as such is not superior to 
many of its predecessors, such as the very beautiful 
logograph of Mr. W. H. Barlow, F.R.S., which we 
shall describe next week, the phonautograph of M, 
Leon-Scott, or the instruments of Professor Marey 
and the late Sir Charles Wheatstone, but the most 
wonderful feature of Mr, Edison’s phonograph is 
that it not only interprets its own record, but does 
so by reconverting it into sonorous vibrations, re- 
peating the sounds, whether articulate or otherwise, 
in the actual voice in which they were originally 
communicated to the mouthpiece. 

In Mr. Edison’s first apparatus this was accom- 
plished by employing a second diaphragm of paper, 
fixed on the opposite side of the cylinder to the 
first diaphragm, and thrown into vibration by being 
attached by a silken thread to a light steel spring 
which carried at its extremity a blunt metallic point 
which was held by the elasticity of the sprin 
against the tinfoil covering the cylinder, but wit: 





sufficient lightness to allow it to be thrown into 
vibration as the indentations on the tinfoil passed 
beneath it, 

Mr, Edison has, however, in his more recent 
instrument, of which Fig. 1 is an illustration, dis- 
pensed with this second membrane, making the one 
metallic diaphragm do double duty, first by receiving 
vibrations from the voice and impressing them upon 
the tinfoil, and afterwards by being wn into 
vibration by the passing below its projecting pin of 
the indentations so produced, and thus giving out a 
repetition of the original sound, 

Ihe diagram Fig. 3 will serve to illustrate the 
principle upon which the tinfoil is impressed by 
the action of the vibration of the diaphragm, and 
how the latter is again thrown into precisely similar 
vibration by the movement of the embossed foil 
below it. It represents a magnified section of the 
tin-foil taken along the line of the indentations, 
showing the position of the pin as it rides over its 
surface while the foil is travelling below it from 
right to left, The indentations, of which three 
only are shown on the di , having been 
produced on the foil by the sonorous vibrations 
of the diaphragm, it follows, from the construc- 
tion of the instrument, that if the foil be drawn 
under the oa at precisely the same speed as 
it was travelling when the impressions;were made 
upon it in the t instance, it will cause the dia- 
phragm to vibrate in an exactly similar manner to 
that in which it vibrated under the influence of the 
voice ; and, from what was pointed out at the begin- 
ning of this article, it would, therefore, emit a 
similar sound. This diagram is, of course, greatly 
exaggerated, and must be taken only as an illustra- 
tion of a possible explanation of what goes on in 
the action of the instrument, but which isby no means 
certain. It presupposes that each indentation is 
made up of a minute structural surface, the details 
of which are so small as to be quite indistinguishable 
under comparatively high pas of the miscroscope, 
and yet must be sufficiently pronounced to impart to 
the diaphragm through its Projecting Fg those 
minute variations of vibration by whic @ proper 
form is given to the sound-bearing waves of the air, 
and the exact quality of the sound is conveyed to 
the ear. It is almost impossible to conceive that 
microscopical stris (for they can be nothing more) 
upon such a substance as tinfoil can impart, by 
mechanical means, to a diaphragm as rigid as that 
employed in the phonograph such niceties of motion, 
but the phenomena connected with the telephone 
have shown that metallic diaphragms are capable of 
imparting to the air, and the human ear is capable 
of detecting, sonorous vibrations whose amplitude 
is so minute as to have been altogether unsuspected 
before. Some idea of the minuteness of the inden- 
tations may be formed from Fig. 4, which is printed 
from a electrotype cast of a piece of the foil, and is, 
therefore, a fac-simile on a plane surface of the 
marks recorded by the instrument. 





eee ee 
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It will readily be understood that, in order to ob- 
tain a perfect reproduction of the original sounds 
the tinfoil must travel below the diaphragm at pre- 
cisely the same speed as it was turning when it was 
receiving the impressions, and therefore in Mr. Edi- 
son’s second instrument, which we have been de- 
scribing, the heavy flywheel was added to render 
the speed of rotation as uniform as possible ; but in 
turning the instrument by hand it is impossible, 
notwithstanding this addition, to insure the surface 
speed of the cylinder being always the same. In 
order to meet this requirement Mr. Edison has 
since applied clockwork mechanism for driving the 
apparatus with such marked success that twelve 
ate were lately able to take down correctly por- 
tions of newspaper articles from dictation spoken to 
them by the instrument, and at a recent exhibition 
of the phonograph in New York, its articulation 
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was distinctly heard and understood at a distance 
of 425 ft. from the instrument. ; 

Fig. 2 is a view of a very beautifully arranged 
instrument, designed and constructed for his own 
use and instruction, by Mr. Augustus Stroh, whose 
name alone in connexion with telegraphic instru- 
ments is a sufficient indication of the perfection and 
finish with which the details of the apparatus have 
been carried out, and to whose courtesy we are in- 
debted for being able to place before our readers the 
accompanying illustration. 

The cylinder is driven round at a surface speed of 
about one foot in a second by means of exceedingly 
simple controlled clockwork mechanism actuated by 
a descending weight attached, upon Huygens’ 
maintaining principle, to an endless chain passing 
over a pulley fixed upon the principal axis of the 
instrument, so that it is possible to wind up the 
weight while the cylinder is rotating without affect- 
ing its speed. oral j 

The controlling fan or governor, which is beauti- 
fully simple and efficient, consists of two circular 
discs of brass mounted at the upper ends of two light 
levers, which are geared together at their lower ends, 
so as to cause them to fly out symmetrically on each 
side of the axis of rotation of the vertical fly-shaft to 
which they are pivoted, When the machine is started 
(by taking off the pressure of a small cork-lined brake- 
block, shown in small detail sketch, which presses 
against the cylindrical head of the fly spindle), the 
dises fly out under the influence of centrifugal force, 
and the resistance of the air to the motion of the 
spindle is increased by the increase in the diameter of 
their path of rotation if the speed become too great. 
Should, however, the speed of rotation tend to fall off, 
a spiral spring, which can be attached to the fan levers 
at any position in their length, draws them together, 
and by reducing the circle of their path, offers to 
the mechanism a diminished resistance to rotation. 

At the last meeting of the Society of Telegraph 
Engineers—which is referred to in another part of 
the present issue—both the instruments which we 
here describe were exhibited in illustration of a 
very interesting paper, by Mr. W. H., Preece, C.E., 
upon this last and perhaps greatest marvel of the 
application of science which this or any other age 
has seen. It is only as it should be that the first 
expositor of the telephone in this country should 
have the privilege of describing the phonograph for 
the first time, and we need hardly add that such a 
subject in such able hands was certain to command 
success, and the experiments which followed the 
communication of Mr. Preece were equally suc- 
cessful, and created great enthusiasm. 

The effect upon the mind of hearing the human 
voice actually spoken by a machine must be ex- 

erienced to be appreciated. There is something 
irresistibly comic in its absurd imitation, but at 
the same time it is impossible altogether to resist 
a feeling of wonderment, recalling to one’s mind 
erhaps the feelings of Pygmalion or of the hero of 
‘rankenstein. 

Mr. Edison’s first form of phonograph was repre- 
sented by a very successful instrument made by an 
amateur, Mr. Pigeon, from descriptions received 
from America, and in which the two diaphragms, 
the one of paper andthe other of metal, were em- 
ployed. This is a decided advantage, as the paper 
membrane is capable of reproducing sounds which 
would be too small in force to be transmitted by the 
tinfoil to the more rigid metallic diaphragm which 
is set into vibration by the voice. 

The second form of apparatus was represented 
by Mr. Edison’s own instrument (Fig. 1), and the 
more perfect form driven by controlled mechanism 
was represented by Mr. Stroh’s instrument, which has 
been described, and which is illustrated in Fig. 2. 

The first words heard on Wednesday evening were 
first spoken into the mouthpiece by Mr, Puscus in 
a tolerably loud voice. The EN me gens was then 
withdrawn, the cylinder turned’ back until the pin 
was at the beginning of the groove, a cone of paper 
or speaking trumpet was put on in front of the 
mouthpiece and the handle once more rotated, when 
the instrument shouted out in a perfectly clear 
voice, ‘‘ The Phonograph presents its compliments 
to the audience”’ ‘Chis was heard in every portion 
of the hall of the Institution of Civil Engineers, and 
brought forth rounds of applause, to which were 
added roars of laughter when it again called out in 
a voice still clearer than before, ‘*‘ How do you do? 
How do you like the Phonograph ?” and then began 
to laugh in veritable hearty human laughter, ‘‘ Ha! 
ha! ha! ha! ha! hurray !” 


Mr. Pigeon’s instrument was next tried, and the 
sublime words of the national war song : 

“* We don’t want to fight, but by Jingo if we do,” 
followed by the recital of the equally ennobling 
creation of the poet, 

** Twinkle, twinkle, little star, 

How I wonder what you are,”’ , 
were given by the instrument with an emphasis en- 
tirely its own, which caused great merriment. 

A song was next sung into the mouthpiece, and 
was reproduced amazingly out of tune in conse- 
quence of the impossibility of obtaining a perfectly 
uniform speed of rotation. 

When, however, Mr. Stroh’s instrument was 
brought into use the value to the phonograph of 
controlling the speed of the cylinder by mechanical 
means was at once apparent, for not only was the 
articulation of spoken words more perfect, but 
songs sung into it by Mr. Spagnoletti, Mr, Edmunds, 
and Mr. Preece, were reproduced with very respect- 
able correctness; and even the breakdown of one 
of the singers at a high note, accompanied by a little 
impatient remark, was faithfully recorded, and given 
out again with exasperating fidelity. 

At the Physical Society on Saturday last the 
instrument was again described by Mr. Preece, 
followed by a similar series of experiments, with 
the addition of causing the instrument to perform 
the wonderful feat of reproducing a duet sung into 
it through a double mouthpiece by Mr. Spagnoletti 
and Mr. Sedley Taylor. The result would certainly 
not make the musical reputation of either gentleman, 
did it stand upon no intrinsic merits of its own, but 
it was a remarkable experiment as showing the 
marvellous powers of which the phonograph of the 
future may be capable. Another experiment was 
the turning of the cylinder in the reverse direction 
after it had received a communication in the ordinary 
way. The communication submitted to this ex- 
periment was the song ‘‘ We don’t want to fight,” 
&c., and the result of the vibrations constituting 
this composition when rendered backwards was 
very curious, and gave rise to the remark that it 
would be specially appropriate as the song of the 
peace party. 

Of the many possible applications of the phono- 
graph it would be too early now to speak ; the !in- 
strument is yet in its infancy, but there can be no 
doubt it will ultimately create a‘ revolution in many 
aspects of social life. It will be possible, for in- 
stance, to dispense with written letters to friends on 
the other side of the world, giving them in exchange 
the communication in our own spoken voice. It 
will only be necessary to speak into an instrument 
in this country, to remove the metallic record from 
the cylinder, to pack it carefully in a box, writing 
upon it the speed of rotation at which it was pro- 
duced, and to send it by post to the distant station, 
there, by being rotated on a similar instrument, to 
deliver its message in the yoice and tones of the 
original speaker. 

Mr. Edison has lately constructed a clock which, 
instead of striking the hours, tells its hearers with 
a human voice what o'clock it is, interspersed with 
a few appropriate remarks. For instance, when the 
hour of one arrives,it calls out, ‘‘ One o'clock, 
time for lunch!” to the astonishment of every one 
who has not heard it before. 

But of all the startling powers of the phonograph 
there is none perhaps so extraordinary as its capa- 
bility of reproducing years after the voices of those 
who are no longer on the earth. If any persvn have 
ever spoken into a phonograph it will be possible by 
the process of electrotyping to make a permanent 
record of his words and voice, which may be heard 
by his friends, and repeated again and again for 
years and centuries to come. And thus a portion at 
least of the longing expressed in the song of the 
Poet Laureate may be realised : 

**O! for the touch of a vanished hand 
And the sound of a voice that is still.’ 


THE NEW METAL “GALLIUM.” 

On Friday evening the 1st inst. a lecture was delivered 
by Professor Odling at the Royal Institution on the new 
metal ‘‘ Gallium.” The Professor said that the number of 
kinds of matter known to chemists which they have not 
succeeded in decomposing, but can trace undecom 
through distinct series of combinations, is 64. These have 
been roughly classified into jmetdls, semi-metals, and non- 
metals, the first class being considerably the most nume- 
rous, and the several classes merging gradually into one 
another. The latest knownof the non-metallic elements is 
bromine, which was discovered in 1826 by the eminent 
French chemist, recently deceased, M. Balard. Within the 
last 20 years, however, five new metallic elements have been 
discovered, being at the average rate of one new element 











every four years ; while some evidence of the identification 





also of yet a sixth new metallic element has recently been 
put on record. But the latest known of the fully made out 
new elements is gallium, which was first recognised by M. 
Lecoq de Boisbaudran in the autumn of the year 1875, and 
so named by him in honour of the land of its discovery, 
France. Like its four predecessors made known within the 
last 20 years, gallium was discovered by the process of 
spectrum analysis, applied in this instance in a special 
manner contrived by the ingenuity of M. de Boisbaudran 
himself, long eminent as a spectroscopist. The spectrum 
of gallium is characterised by two marked violet lines, the 
less refrangible of them being especially brilliant. Hitherto 
the new metal has been recognised only in certain varieties 
of zine-blende, that of Pirrefitte in the Pyrenees having 
furnished the chief portion of ium hitherto obtained from 
any source whatever—nearly a ton of this ore having 
been employed by M. de Boisbaudran to furnish the dozen 
grains or so of metal wherewith he has been able to esta- 
blish the leading properties of the element. In its appear- 
ance gallium manifests a general resemblance to lead, but 
is not so blue-tinted or quite so soft, though it is readily 
malleable, flexible, and capable of being ent with a knife. 
Like lead again, and unlike zinc, gallium is not an easily 
volatile metal. Unlike lead, however, it acquires only a 
very slight tarnish on exposure to moist air, and under- 
goes searcely any calcination at a red heat. The specific 
vity of galliumis a little under 6, that of aluminum 
ing 2.6, that of zinc7.1, and that of lead 11.4. A most 
remarkable property of gallium is its low melting-point. 
It liquefies completely at 86 deg. Fahr., or below the heat 
of the hand ; and, still more curiously, when once melted 
at this temperature, it may be cooled down even to the 
freezing-point of water without solidifying, and may be 
kept unchanged in the liquid state for months. Indeed, ‘in 
the original communication of its discovery to the French 
Academy, it was described as a new liquid metal, similar 
to mercury; but on touching with a fragment of solid 
gallium a portion of the liquid metal in this state of so- 
called sur-fusion it at once solidifies. Unlike lead, again, 
gallium is a highly crystalline metal, its form being that of 
a square octahedron. In its chemical habitudes the rare 
element gallium shows the greatest analogy to the abun- 
dant element aluminum. In particular it forms a sort of 
alum not to be distinguished in its appearance from ordi- 
nary alum, but containing oxide of gallium instead of oxide 
of aluminum or alumina. 

But the chief interest of gallium, from a scientific point 
of view, is connected with the history of its discovery. All 
previously known elements have been discovered, so to 
speak, accidentally, and their properties have been not in 
any way foreseen, but rather met with as subjects of sur- 
prise; but the blende of Pirrefitte was deliberately taken 
up for examination by M. Lecoq de Boisbaudran in the ex- 
— of finding a new element—an expectation to which 

e was led, in the course of his study of the spectra of 
known elements, by a train of speculation of which he has 
not yet made known the details. The existence of an ele- 
ment having the characteristic groperties of gallium was, 
moreover, upon entirely different grounds, predicted very 
definitely by a Russian chemist, M. Mendelejeff, in 1871, 
and in amore general way several years earlier by an Eng- 
lish chemist, Mr. Newlands. This double prediction was 
based on a study of the relations of the known atomic 
numbers of the elements. These numbers have only lately 
been perceived to form a tolerably continuous seriation, 
which, again, is associated in a remarkable manner with 
the seriation in properties of the elements themselves. In 
the series of numbers, however, certain terms are here and 
there missing, and in particular a number was missing 
which should belong to an element having properties inter- 
mediate between those of aluminum po | iridium. What 
these properties would be was predicted in most minute 
detail yy M. Mendelejeff in 1871. He predicted, for ex- 
ample, that the specific gravity of the missing metal would 

rove to be about 5.9. Reeating on very small quantities, 

. de Boisbaudran, in the first instance, found the specific 
gravity of gallium to be 4.7; buton repeating his determi- 
nation in 1876, with special precautions and on a somewhat 
larger though still very small scale, he found it to be 
exactly 5.935—certainly a most remarkable fulfilment of 
the prediction with regard to it.—Times. 








Tae Suez Canau.—In the first ten days of February, 
43 ships passed through the Suez Canal. The transit 
revenue collected in the same period amounted to 32,0001. 





LONDON ASSOCIATION OF FOREMEN ENGINEERS AND 
DRAUGHTSMEN.— The ordinary monthly oes was 
held on Saturday last, at the Cannon-street Hotel, Mr. 
Joseph Newton, C.E., President, in thechair. The routine 
business was first disposed of, and then came the nomina- 
tion and election of ordinary and honorary members. Mr. 
Charles G. Marslow (of Messrs. Tangye Brothers) was 
among the first, and Messrs. A. H. Bateman (of East 
Greenwich), W. Goodwin, and A. Glendinning constituted 
the latter class of members. The chairman then announced 
that the arrangements for the anniversary festival on the 
16th inst. were progressing favourably, and that many 
distinguished noblemen and gentlemen would support Earl 
Granville on that occasion. Afterwards Mr. Bateman read 
a paper on “‘ Metaline.’’ This material was described as 
‘an impalpable metallic powder, submitted to enormous 
hydraulic pressure, and forced into small steel moulds, thus 
jr ny cylinders or plugs, which were inserted into 
Fonyens rass bearings drilled to received them, and upon 
the surfaces of which the spindles ran.’”’ In this way, it 
was asserted, friction was minimised, and lubricants were 
rendered unnecessary. In the discussion which followed 
the per, Messrs. Coates, Braggs, Low, Cartmel, Stabber, 
Sid on, Macdonald, Sykes, and the Chairman took part, 
the main evidence being in favour of metaline. A vote 
of thanks rewarded Mr. Bateman, and this was grace- 
fully acknowledged. 




















Marcu 8, :878.] 














THE PENNSYLVANIA RAILROAD. 
No. LXII. 


WE continue this week our investigation of the 
detailed expenditure on the Pennsylvania Railroad 
system with Table LXXXI., which analyses by 
percentages the passenger and freight ‘‘ conducting 
transportation” expenditure of the Pennsylvania 
Division, the United Railroads of New Jersey, and 
the Philadelphia and Erie; together with a similar 
summary of the general expenses for the two former 
in Table LX XXIT. It will be observed that under 
the head of conducting transportation, are included 
all items connected with transport of passenger and 
freight, otherthan those contained under the heads 
of motive power and maintenance of cars, Wages 
form the largest item, those for brakesmen amount- 
ingto more than 835,000 dols. In the United Rail- 
roads of New Jersey several special items appear— 
expenses for the car floats employed on the Hud- 
son for transporting freight cars, and already 
described by us, and expenses connected with steam- 
boats, amounting to nearly 400,000 dols. Labour 
at stations here is the heaviest single expense, 
being nearly 300,000 dols. The general expenses, 
averaged in Table LXXXII., include salaries of 
officers, as distinguished from employés, and amounts 
in all to 135,600 dols., or about 27,000/.; clerks’ 
salaries, 125,000 dols. ; .’ general advertising, 25,300 
dols. The other items are comparatively insignifi- 
cant. Table LX XXIII. summarises all the previous 
analyses, and shows at a glance the proportions which 
each department bears to total expenditure. 
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TABLE No. LXXXII.—Percentaces or GENERAL EXPENSES, PASSENGER AND FREIGHT SERVICES. 
be . 
Pennsylvania Division. gf | Unies matiete ot Now Jersey) 
3 i" if 
No. Passenger. Freight. Passenger. Freight. 
1 |Advertising eco ose eee eee 5.16; .0428 6.91 170 2128 1.18 -0110 2.19 0118 9228 
2 | Attendants... eco eco eee eee 4.34; .0360 3.64 .089 -1250 
3 |Clerks ‘ in ove ‘ 41,57; . 29.40 .726 | 1,0710 73.87 6953 50.28 2715 -9668 
4 |Fuel and light eee eee 81) .0067 35 .008 .0147 18 0011 35 -0018 ,0029 
5 |Incidentals and legal expenses ove 6.50} .0539 8.61 -212 -2689 21.86 2044 41.40 2235 4279 
6 | Office expenses 7.73| .0643 9.62 .233 -2973 1,95 .0183 4.07 0219 0402 
7 |Salaries of president and other officers) 30.42] .2525 36.89 .960 | 1.2125 
8 |Stationery and blanks eee 2.24; .0186 3.08 .076 .0946 96 0090 171 0092 0182 
9 |Taxes on real estate, Philadelphia ooo 1.23; .0102 1.50 .003 .0132 
100.00; .8300 | 100.00 2.477 | 3.3070 | 100.00 -9391 | 100,00 5397 | 1.4788 






































TABLE No. LXXXIII.—Summary or PERCENTAGES OF PASSENGER AND FREIGHT WoRKING EXPENSES. 




















Pennsylvania United Railroads of eee and Erie 
Division. New Jersey Division. Division. 
Heaps or Accounts. 
Passenger.| Freight. | Passenger.| Freight. |Passenger.| Freight. 
1 Conducting “hievees meee 7.5300 | 27.2420 | 20.5390 | 22.3779 7.0440 | 22.8996 
2 Motive power .. 5.6480 | 24.0300 | 13.3481 * 7709 4.0920 | 25.3286 
3 Maintenance of cars . 3.7925 6.5006 3.7113 3.8289 2.4234 5.6937 
4 way. 4.8274 | 17.1295 | 10.5168 | 10.4283 6.5564 | 25.9628 
5 General expenses vee] 8300 2.4770 9391 5397 : 

Totals .| 22.6279 | 77.3791 | 49.0543 | 50.9457 | 20.1158 | 79.8842 

Percentage of passenger to freight 21 96 25 





























TABLE No. LXXXI.—PERCENTAGES OF COST IN CONDUCTING TRANSPORTATION. FREIGHT AND PASSENGER SERVICES. 



































PENNSYLVANIA RAILROAD DIVISION. Umrrap Dampers se Naw Junasr PHILADELPHIA AND ERIE Division. 
Passenger Freight. 3 a. Passenger Freight. E 4 ? Passenger. Freight ‘ 
HEADS OF EXPENDITURE 28 e zg 3 a aL a3 3 ag 3 pi a 4g 3 3 
g a 2 84 3S a i | ° Ba ° a EF a E ° : ° 
ae | © ae | & yg" | ae | & aR | & = ra = r= a 
Bars ° Sy a) as Sy S Sq a) ov” ) Ss 3S 3 1 ie. 
ee | fo | #8 | Se | Fee | Bs | Fe | Be | $2 | See | fe | Se | Be | Se | See 
§ 2 | 22 | £2 | #2 |ge2| £8 | £2 | $3 | 28 s| #2 | #2 | #8 
2 be | 22 | BE | Be | eee| bE | 8B | BE | BE | Boe] Be | E a6 
FI 2 ee | 2 | ef | Bes] é 2 e 8 1 B 5 Bs 
5, 2 5 | eo e* | 8 | sas] sa | Sa os ga gas é é 2 2 Bas 
1 | Advertising iu 5.93 444 04 -010 454 1.89 390 005 0011 8911 3.16 222 ose os A 
2 |Agents , 5.55 441 05 013 454 4.64 944 | 3.60 -8100 | 1.7540 6.08 | .426 3:43 | .7887 | 1.2147 
3 |Baggage masters 6.20 465 see as 465 3.28 677 mn ut 6770 5.38 | .378 ove 00 37 
4 |Barges, manning a as ee sad 2.365 | .5810 | .5310° 
5 pr incidentals. 
6 x,  vepaira of ” i a be i a ie 07 -0157 .0157 
7 |Brakemen 9.15 .686 23.82 6.518 7.204 4.68 985 | 11.83 2.6707 | 3.6557 5.90 414 23.10 | 5.2120 | 5.6260 
8 |Cars, cleaning ‘and inspecting 7.61 .570 2.42 .657 1.227 4.69 .990 1.83 .4117 1.4017 5.89 414 3.99 .9177 | 1.8317 
9 | ,, furniture and fixtures 3.48 261 1.49 407 .668 1.20 246 .60 -1850 .8810 2.81 .201 1.16 | 2.2668 4678 
10 +» service se -73 054 11.27 3.061 8.115 1.13 225 4.53 -9092 | 1.1842 2.71 -189 9.58 | 2.2034 | 2.3924 
11 |Clerks... o 4.38 828 6.95 | 1.900 | 2.228 2.62 534 | 8.79 | 1.9777 | 2.5117 7.78 | .586 7.83 | 1.8009 | 2.3869 
12 |Conductors ... 9.89 -741 9.92 | 2.710 | 3.451 4.80 -985 | 4.61 | 1.0897 | 2.0242 5.44 | .371 10.12 | 2.3276 | 2.6986 
13 |Dispatchers ... 2.59 193 2.83 812 | 1.005 1.13 225 | 1.75 3937 | .6187 1.90 | .183 3.57 | .8211 | .9541 
14 |Docks, dredging and cleaning oa 82 212 212 sae ee 1.65 -2657 | .2617 
15 |Expenses of stations, except labour -78 068 1.72 461 .529 3.34 .677 1.03 .2253 .9023 3.36 236 85 0805 3165 
16 | a grain elevator ise ‘a .04 010 010 aS ie os 
17 |Foreign agencies Y 9.00 675 3.86 | 1.059 | 1.734 2.04 .410 -79 -1800 | .5900 2.26 | .158 41 {| .0942 | .2522 
18 \Fuel at stations 1.03 .077 13 035 112 .63 129 .20 .0450 .1740 99 -069 80 | .1844 2584 
19 | ,, for cars... 1.82 -134 a sad 134 75 131 -06 0135 | .1445 387 | .026 -02 | .0046 | .0306 
20 |Incidentals ; 2.16 162 2.82 -800 -962 2.83 593 | 2.15 -4833 | 1.0763 3.96 .278 2.69 | .6187 .8967 
21 |Insurance _... 7 eee 1.27 -095 1.36 369 464 1.61 328 | 1.61 3602 .6882 2.00 -140 2.45 | .5685 -7035 
22 |Labour at stations ... ie 2.49 -180 5.92 | 1.629 | 1.809 4.32 882 | 18.55 | 4.2737 | 5.1557 1.05 | .076 5.66 | 1.3018 | 1.3778 
23 |Light at stations , 2.03 .152 7 134 .286 3.02 616 88 -1980 | .8140 2.39 | - .167 81 | .0713 | .2383 
24 »> for cars 1.65 .123 .29 .081 .204 62 127 12 0270 | .1540 85 | .059 20 | .0465 “1055 
25 oe and damage, &e. 1.65 .123 1.67 AAA 567 1.16 228 | 1.10 -2475 | .4755 6.82 | .477 1.37 | .38151 | .7921 
26 |Mail expenses .93 .069 cae em .069 12 .024 oni a .0240 1.06 .075 .0750 
27 |Oil, tallow, waste, &e. 1.47 ll 1.78 488 599 1.32 .266 1.88 -4275 6935 2.09 -146 3.54 8146 .9606 
28 Stationery ‘and es 4.70 352 3.54 .950 | 1.302 | 18.70 759 | 2.71 6075 | 1.3665 3.61 | .252 2.93 | .6739 | .9259 
29 |Stations, repairs of .. 6.77 507 2.89 787 | 1.294 0.02 2.054 | 7.96 | 1.7775 | 3.8815 | 12.55 | .875 2.67 | .6141 | 1.4891 
30 Steamboats, fuel for , 2 tk oes - bd 6.80 1.396 | 1.79 -4050 | 1.8010 
31 - incidentals for po ie te on 11.70 349 73 -1642 | .5132 
32 ce manning 2 HH iz bos 1.42 2.430 -70 -1575 | 2.5875 
33 repairs of ads sae mF i an 6.25 1.285 | 1.10 2475 | 1.5825 
34 Superintendents 1.09 081 97 .270 351 58 -102 .05 0110 | .1130 1.34 | .093 1.64 | .3772 4702 
35 |Switchmen 1.20 .090 1.39 .385 475 2.41 492 | 3.65 8325 | 1.8245 94) .066 91 | .2098 | .2753 
36 |Tax on depéts 72 054 1.98 543 597 16 .029 .36 -0810 | .1100 
37 |Tax, ‘‘ State’’ 02 .001 b nae 001 oa os ae 
38 |Teaming ua os a 1.75 488 488 oe one ‘a 
39 |Telegraph expenses... 3.63 .272 3.89 939 | 1.211 4.09 821 | 3.87 8815 | 1.7025 7.00 | .496 8.48 | 1.9500 | 2.4460 
40 |Tolls, Catawissa Railroad... wet ws aaa jo se on on fed me oS 30 | .021 1.91 | .4897 | .4607 
41/ 5, ’ Philadelphia City Railroad...| ... 13 083 033 
42 »» Philadelphia, Wilmington, 
and Baltimore Railroad... a 69 .190 -190 
43 |Tolls, Junction Railroad ... ss te 1.90 516 516 
44 ,, Lewisburg Bridge .. .16 .012 12 .033 045 
45 Wharves and landings, repairs of nm ies 80 .217 217 .99 .204 5.99 1.3500 | 1.5540 ak 65 .1495 1491 
46 |Wrecks, clearing 12 .009 .28 081 .090 03 006 -08 0180 0240 01 .23 0529 .0529 
47 |Special for United “Railroads of 
New Jersey, car floats ... ° 92 -2070 -2070 
Totals... 
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In our report of the proceedings of the Institution of 
Mechanical Engineers (p. 105 ante) we referred to a 
paper read by Mr. Ralph H. Tweddell before that Institu- 
tion on the 31st of January, 1878, which appeared with 
illustrations in this journal, p. 92 ante. As stated by 
the writer it was offered in the first place simply as a note 
to Mr. Wilson’s paper on cotton prasses read at the last 
Manchester meeting, and which we published at the time, 
but time did not permit of the two papers being read, 
and consequently the discussion on Mr. Wilson’s paper 
was entirely confined to presses of English manufac- 
ture. 

Great differences were then stated to exist in the rela- 
tive cost off fuel per bale pressed’ by the two types of 
presses now most generally used in India, and the cause 
of this great difference was stated to be due to the 
different pumping arrangements. As we have before stated, 
we think it a matter of regret that the discussion on 
Mr. Tweddell’s paper did not more closely follow that 
part of the subject to which attention was more especially 











directed in his paper, especially since the author’s con- 
clusions were clearly stated, and the subject was purely 
an engineering one ; as it was, the discussion was confined 
to the different forms of presses, which had already been 
well discussed at Manchester, and to the effects of various 
pressures on the fibre of the cotton, a point more for the 
consideration of cotton spinners. 

The conclusion Mr. Tweddell arrived at deserves con- 
sideration, for few have had more experience in the 
adoption and use of direct-acting hydraulic machinery. 

We purpose to return to the theoretical consideration 
of this question at an early date, in the mean time we 
have been favoured by Mr. John F. Taylor, of Charles- 
ton, U.S.A., with a complete set of working drawings of 
one of the numerous already made by his firm, 
and referring our readers for further information to the 
paper read by Mr. Tweddell, we will proceed to describe 
in detail this example of American practice. 

Fig. 1 isa side elevation of the pumping apparatus 
and a repressing cotton press, and for the sake of simpli- 
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city we will, throughout our remarks, call this “ pressure 
intensifier” the pumping apparatus, although the inventor 
disclaims this title, seeing that there is no suction and 
delivery of water at each operation through valves. 

This view shows the high-pressure forcing pumtp, the 
low-pressure one being behind it. The press itself pos- 
sesses several novel features; the cylinders are sup- 
ported on a crosshead, which forms also the top frame or 
head ; this casting is carried on two standards, the rams 
in the hydraulic cylinder working upwards together on 
to a single crosshead; suspended from this are two 
strong wrought-iron straps or links carrying at their 
lower end the moving platen or table on which is placed 
the bale to be pressed. It is evident that by admitting 
water into the cylinders, the rams, being moved upwards, 
will bring the lower platen nearer the top table and 
compress the bale between them to any required extent. 
In Fig. 1 the pumping apparatus is shown for convenience 
placed close to the press ; this, however, is not necessarily 
so in practice, since while the press or presses may be 
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placed at a considerable distance from the boilers, the | save our readers the trouble of referring to our previous 

me cylinders are best placed as near the boilers as | numbers, explain the general mode of working. 

-~ le, Referring to Fig. 1 it will be seen that everything 

bet pposing, therefore, the apparatus fixed as Fig. 1: | stands above the floor level ; the general features of the 
ore describing more minutely the details, we will, to | press itself have already been described ; the other part of 



















the’ machinery consists of two steam cylinders of equal 
size, which are called the high and low-pressure steam 
cylinders ; that shown on Fig. 1 is the high-pressure one, 
and derives its supply of steam direct from the boiler, 
the other, or low-pressure, is placed parallel to the 
first, but being behind it, is not seen in Fig1. This 
low-pressure cylinder uses the steam exhausted from the 
high-pressure cylinder after it has given the final com- 
— to the previous bale ; this en apsey cylinder 
ringing the press when doing the next bale up to within 
one-sixth of its total stroke. Each of these steam cy- 
linders is furnished with a hydraulic cylinder in 
which work plungers attached to the steam pistons, 
and it is by these that the water is forced into the press 
cylinders and is subjected to the pressure required. As 
shown in Fig. 1, the press platen is down ready to re- 
ceive a bale to be repressed, the pistons of both steam — 
cylinders are at the lower or outer ends, the hydraulic 
cylinders and the pipes connecting them to the press 
cylinders being full of water. It must be understood 
that the steam which was used in the high-pressure 
cylinders to finish the compression of the previous bale, 
and which, by a simple arrangement, has on exha' 
been passed from one side of the piston to the other, is 
still in that cylinder. The bale stri of its bands is 
laid edgewise on the platen and the steam confined in 
front of the piston in the high-pressure cylinder so ex- 
hausted from there into the back of the low-pressure 
cylinder piston; this on its advance by means of the 
plunger attached to it forces the water contained in the 
low-pressure hydraulic cylinder through the check valve 
and pipe into the press cylinders, forcing their rams out- 
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wards and raising the crosshead, which by the links con- 
necting it to the moving platen draw it up with the 
bale on it. When the bale is so far compressed as to 
balance the pressure the platen stops, when the check 
valve between the press cylinder and the low-pressure 
cylinder closes, preventing any water returning there 
from the press. 

The press has in the mean time travelled up about fiye- 
sixths of its total stroke, and it will be observed by the 
use of exhaust steam only ; the high-pressure piston is, 
however, still at the outer or far end of its cylinder, but, 
upon the admission of steam from the boiler this piston 
advances and forcing the water out of the high-pressure 
hydraulic cylinder into the press cylinder gives the final 
compression, the bale is then re-tied with new bands, 
screwed up, and finished. Steam is then transferred to 
the other side of the high-pressure piston, where it re- 
mains until required for the first compression of another 
bale. The steam in the low-pressure cylinder is now 
exhausted, and is preferably used to heat the feed water. 
At the same time the check valve is raised, and the 
water flows back through the pipes and the water cylinder, 
the press ram in the mean time lowering down. The 
press takes five seconds to repress the bale, about thirty 
seconds to put on the bands, and six seconds to let the 
press table down. 

Referring to our illustrations, Figs. 2 and 3 illustrate 
the pistons in the steam cylinders ; to one side is attached 
the plunger working into the low-pressure hydraulic 
cylinder, and on the other side is attached a trunk, the 
object of which is to assist the return of the pistons to 
the lower end of the cylinders. Shown in dotted lines is 
the smaller plunger used in the high-pressure cylinder. 
Fig. 4 shows the bucket of the high-pressure hydraulic 
plunger ; the hemp packing is tightened up by means of 
the nuts fastening it to the rods; this piston, together with 
the cylinder in which it works, is shown in its general 
arrangements in Figs. 6, 7, and 8. 

Figs. 9 and 10 show the low-pressure hydraulic plunger, 
and Figs. 11, 12, and 13 show the non-return valve 
between the hydraulic press and the low-pressure pump- 
ing cylinder. 

This valve, the only hydraulic valve in the arrange- 
ment, it will be seen, is lifted off the seat by a lever work- 
ing a cam on a countershaft passing through a suitable 
stuffing-box. 

Figs. 14 and 15 illustrate the type of steam valve used 
of the usual balanced double-beat construction ; they are 
worked by means of locking shafts and tappets, which are 
so arranged that the various valves belonging to both the 
high and low-pressure cylinders are worked conveniently 
by one man, 

Fig. 16 shows the plunger of the hydraulic press 
cylinder. It will be observed that two cup leathers are 
employed ; this is a good precaution, since if one of these 
e- way there is the second one to fall back upon. 

he patentee prefers using two cylinders of comparatively 
large area, and thus avoid the use of very high pressures, 
while at the same time he keeps the weights of parts 
down for convenience of transport. 

Figs. 17, 18, 19, and 20 show views in more detail of 
the press cylinder standards and top and bottom castings 
in end and side elevation, and in plan, while Figs. 21, 22, 
and 23 show sections of the same through different 
plans, 

Having thus fully described the press, it only remains 
to add that while there is nothing new in the idea of the 
steam intensifying arrangement, there has been no 
attempt hitherto to economise the use of steam in this 
mode of working. In the system we have just described, 
the inventor, by using the exhaust steam for the greater 
part of the stroke, which requires but little pressure, gets 
this additional work out of the steam, while he uses no 
more than in other cases is used for the high-pressure 
portion of this work only. 

There are very many operations besides cotton pressing 
where this system Will be found applicable. In oil 
pressing, for instance, it is well known that a lower pres- 
sure if applied for a longer time will produce better 
results than a high pressure for a short time, and one 

at advantage of this system is that the pressure can 

maintained for a very long period, since there are no 
valves to cause any leakage, and even if there were any 
the steam on the back of the pistons will follow it up and 
maintain the pressure. 

There is no difficulty in working a series of presses by 
one set of such pumping apparatus, and there are very 
many cases, such as in printing and lithographic presses 
and others, which the adoption of this plan will obviate 
an immense amount of trouble now caused by the use of 
small reciprocating and fast working prm 

We understand that Mr. Tweddell, of Delahay-street, 
Westminster, who is co-patentee with Mr. Taylor, has 
pring — it to working some of the heavier classes 
of his hydraulic machine tools, one of which will form 
a conspicuous object in one of the classes at the forth- 
coming Paris Exhibition. A large press on this system was 
exhibited in full work at the late Philadelphia Exhibition, 
and was very favourably reported on by Mr. W. H. Barlow, 
F.R.S., in his official report. 

Judging from the large number of cotton presses work- 
ing in the United States on this patent, and giving most 
excellent results, we have little doubt that they will 
soon come into extensive use in India and Europe also. 


TRANSATLANTIC LINES AND 
STEAMSHIPS,* 
By ArTHur J. MAGInnIs. 
Concluded from é 173.) 

THE next line to claim attention is that known as the 
Inman. It was founded in 1850 by Mr. William Inman and 
the firm of Richardson Brothers, of Liverpool, to trade be- 
tween Liverpool and tp Their first steamer, the 
on of Glasgow, sailed from Liverpool for that port on the 
11th of December, 1850, and having proved successful other 
larger and more powerful steamers|were added. In 1857 they 
commenced calling at New York, which having proved to 
be a more suitable port, Philadelphia was given up ; after 
this event the {direct rivalry between this line and the 
Cunard commenced ; the latter having by that time got rid 
of their old rival the Collins’ Line, now foundanother coming 
forward with a modern style of screw steamship to compete 
with them for a share of the enormous subsidies which were 
at that time in vogue. 

This rivalry soon bore good fruit as far as the public 
were concerned, as each succeeding new vessel was always 
built to outstrip the performances of the other line’s crack 
ship, and also in the elegance of their fittings. 

1869 the Cunard Company in the matter of speed were 
altogether eclipsed by the performances of the Inman 
steamer City of Brussels (see Table II.), she having made 
a splendid run home of 7 days 22 hours 3 minutes (see 
Table III.), and as the City of Paris had in 1867 made the 
fastest outward (see Table III.) their rival had to 
yield the palm which they have not since regained. 

Within the past six years the Inman Line have had 
splendid vessels built ; oneof these, the City of Berlin (see 
able II.), fully came up to the expectations which were 
looked for, she having in the September and October of 
1875 made the fastest passages both outward and home- 
ward which were ever made. (See Table III.) 

The great length of this steamer, 520 ft., and of her pre- 
decessor, the City of Chester, combined with the 
enormous power of their engines, soon told on their hulls, 
so that after several voyages they had to be overhauled and 
strengthened at a very considerable expense. The additional 
strength which was required by these steamers cannot fail 
to point out to the iron shipbuilder that where there are 
excessive proportions and heavy engine power there must 
be increased strength, both by iron decks and substantial 
keelsons, so as to withstand the severe strains and vibra- 
tions caused when driving mail boats through heavy seas 
such as are met with in the North Atlantic. The Inman 
Steamship Company (as it was created in 1875) have, how- 
ever, now made them two of the most substantial vessels 
afloat. One of their vessels, the City of Richmond, which 
came out in 1874, is considered to be a most perfect model 
of an ocean steamer, owing to the beauty and symmetry of 
her lines and external appearance, combined with‘a staunch- 
ness and swiftness which have made her one of the most 
popular vessels in her trade. The present high position of 
this line has not been gained without the loss of some of 
of its vessels; since the commencement in 1850 they have 
lost six steamers. 

To the Inman Line belongs the credit of having intro- 
duced many improvements which have given good results, 
the principal being the carrying of steerage or emigrant 
passengers. 

In 1851 a line was formed in Glasgow to trade between 
that port and New York; it was named the Glasgow and 
New York Steam Packet Company ; their first steamer, the 
Glasgow, sailed in 1851, and was followed by the New York 
and Edinburgh. The line was fairly successful until 1858, 
when the New York was lost, which proved the first step 
downwards, as soon after the other steamers were sold and 
the line broken up in 1859. 

The first successful line from Glasgow was that known 
as the Anchor Line, in 1856. This line under the - 
ment of Messrs. Handyside and Henderson commenced by 
despatching the steamer Tempest to New York. This trade 
was, however, only carried on as a secondary one to their 
Mediterranean trade until 1863, when they commenced 
with large steamers, the first two being named the Britannia 
and Caledonia, the trade increased so rapidly it was soon 
found necessary to commence weekly sailings. The recent 
additions to the Anchor fleet rank amongst the largest of 
the Atlantic vessels. 

Since its foundation this line has lost six steamers, three 
of them never having been heard of, the Tempest, which 
sailed from New Yor — 15th, 1857, the United King- 
dom, which left New York April 17th, 1868, and the Ismalia, 
which sailed September 29th, 1873, and after being once 
spoken was never heard of again. 

The next line was one with a different object, namely, 
that known as the Allan Line to Canada ; it was established 
by Sir Sy in conjunction with his brothers in 
Glasgow. e Messrs. Allan commenced in 1854, the first 
steamer, Canadian, sailed from Liverpool for Quebec and 
Montreal on September 20th; after a few voyages, how- 
ever, she and the Indian were employed by the Government 
as transports du the Crimean war. On the return of 
these vessels the line was resumed, two steamers, the 
North American and Anglo-Saxon, were added, and con- 
tracts entered into with the C: ian Government for the 
a of the mails. In 1859 a weekly service was com- 
menced between Liverpool and Quebec in summer, and be- 
tween Liverpool and Portland (State of Maine) in the 
winter, during the period the River St. Lawrence is closed 
by ice; another service between Liverpool, Halifax, and 
Baltimore has also been carried on fortnightly for some 
time. Steamers also ply between Glasgow and Canada at 
papeee intervals. to the dangerous route which the 
A steamers are compelled to take in order to reach the 
~ Lawrence, this line suffered from the loss of eleven 
steamers. 


Tu 1857, a line was o to trade between Galway 





(Ireland) and St. John’s, Newfoundland, the shortest ocean 





* Paper read before the Liverpool Engineering Society. 





route between this country and America ; it commenced in 
June, 1858, with a subsidy from the Government for carry- 


ing the mails. As the steamers were not up to the standard 
as speed and power the service was conducted with 
and altogether given up in 1861. In 
line was commenced from Liverpool, 


great ee ity, 
A it, 1863, the 
— om Galway the final port of call, with a subsidy from 
Government of 75,0001. per annum; it, however, only 
— a short time, being completely given up in January, 
1864. 

In 1863, the next line was established by some Liverpool 
merchants under the name of the National Steam Navigation 
Company, but it was not until the latter end of 1864, when 
the company was reorganised under the name of the Na- 
tional Steamship Company, that this line became a paying 


one ; since that period it has carried on a regular e, but 
has not been remarkable, as although the vessels are nage 
slow. Notwith- 


and strongly built, they are extremel ] 
standing that their vessels do not an among the swift 
class, they have been successful, and have carried large 
numbers of s passengers. Besides their Liverpool 
and New York trade, this line also sails from London to 
New York at regular intervals. Like most of the Atlantic 
lines, the National has lost some steamers, namely, the 
Georgia, which was wrecked on Sable Island in August, 
_ and the Scotland, sunk by collision in December, 
1866. 


The next line was founded by Messrs. Williams and 
Guion, of New York, in 1866, under the name of the Liver- 

ol and Great Western Steamship Company, or Guion 

ine. Since that time it has been very successful and has 
given great satisfaction by the courteous and gentlemanly 
manner with which their business is transacted. Two of 
their steamers, the Montana and Dakota, have of late 
been the object of much attention among seafaring men 
and marine engineers owing to the peculiar construction of 
their hulls and the novel design of their engines and boilers ; 
they have not turned out so completely successful as was 
expected, or as the venture deserved. 

Three of the Guion steamers have come to grief, namely, 
the Chicago, which was wrecked on Daunt’s k, Queens- 
town, Jan , 1868, the Colorado, sunk by collision at 
the mouth of the Mersey: in December, 1873, and the 
Dakota, wrecked on the north coast of Anglesea in 
May, 1877. 

Owing to the long period which elapsed after the founda- 
tion of the Guion Line, it was thought that the Transat- 
lantic trade had ceased to be a further field for extension, 
but in 1870 this illusion was dispelled by the formation of 
the Oceanic Steam Navigation Company, or White Star 
Line, which now ranks amongst the foremost of the great 
steamship companies. In February, 1871, their first 
steamship, the Oceanic, first appeared on lhe Mersey from 
Belfast. This vessel will long be remembered as the fore- 
runner of those improvements which since her advent 
have made travelling by ocean steamers so comfortable 
and luxurious. The curiosity of every one connected with 
nautical matters a. engineering and otherwise) was 
thoroughly aroused by the ne A in which the then existing 
theories and designs of steamships were in this new craft 
thrown aside. Instead of the aon | high bulwarks and narrow 
wooden deck-houses, another iron deck was added, with 
open iron railings for bulwarks so as to allow the water to 
come and go on deck, the saloon was placed amidships and 
extended the entire width of the vessel, both forward 
and aft of the saloon the numerous state-rooms were 
arranged along both sides of the vessel, and as all the 
side lights were about twice as large as any previously 
fitted to Atlantic steamers, the light and airy appearance 
of the interior soon took the attention of Atlantic pas- 
sengers. 

e engines also were objects of much attention, as they 
were of’a design which up to that date were unknown in the 
Atlantic trade ; they were compound inverted direct-act 
engines, surface condensing, having four cylinders, eac 
engine (forward and aft) having a high and low-pressure 
cylinder of its own, thus forming a double resource in case 
of a breakdown. These engines (which were by Messrs. 
Maudslay, Sons, and Field, London), like the vessel her- 
self, soon satisfied the curiosity of all and allayed the fears 
of those old ‘‘ salts” who so confidently declared her to be 
unfit to face the heavy weather of the Atlantic. 

The Oceanic was followed by other vessels of the same 
type, and as they conducted the service with great re- 

ity and most unprecedented speed they soon became 

amous. In 1872 their vessels made the fastest passages 
both outward and homeward, since which time they have 
retained the honour of having made the fastest runs, and 
maintained the most regular and shortest average passages 
throughout "— (See Tables III. and IV.) 

The rapid advance in public opinion made by these 
vessels soon, however, received a severe check by the loss 
of the Atlantic, which was wrecked near Halifax, Nova 
Scotia, on April 1, 1873; this event gave rise to much 
criticism on the construction of these vessels, it being 
asserted that they were too long. f 

A writer in the Daily Telegraph of April 3, 1873, con- 
cludes an able article on the construction and style of the 
Atlantic, in the following words (which the author con- 
siders recent events have fully borne out). 

NS Fa 
Atlantic in all weathers without 5s any 
cannot need any certificate; and the builders of such 
versie as = White Sige steamers donet -_ - » - 
fended in the opinion o ona judges of marin P 
tecture. But Poti ships ani builders have been severely 
judged and have come Ginmphaatly out of the ordeal. 

t ol yh we line we are in a great measure intehted for th 
rapi vance in marine architecture and engineering 
during the last few owing to the energetic way 10 
which it has brought out and developed the improvements 
now so extensively adopted by all the large steamship 





“Amongst the most important of these the following may 
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be mentioned, namely, the introduction of the improved 
relative pyar of length, breadth, and depth; the 
placing of the saloon and passenger accommodation amid- 
ships ; the adoption‘of the electric bells on board ship ; pro- 
viding open fireplaces and chairs for each individual in 
the saloons ; the four-cylinder compound engine; self- 
acting water-tight doors; the improved bulkhead division 
and the carrying of them to the highest deck, upwards of 
16 ft. above load-water line; the adoption of Maury’s 
routes for Atlantic steamers ; and last, although not least, 
the introduction of bridal chambers, as in this age of quick 
transit a trip across the Atlantic is not too extensive for a 
honeymoon. In addition to these, credit must also be 
given for having tested others which were not successful, 
and had to be given up. One of these was the use of 
swinging berths and state-rooms, after the principle of the 
Bessemer'saloon, A second (which it is to G — will be 
again revived) was the lighting of the vessels throughout 
with gas ; the most important, however, was that recently 
tried on the Britannic, by which the stern of the vessel was 
so constructed that the propeller shaft could be lowered, 
so that the centre line of the shaft was only a few feet 
above the bottom of the keel. The object expected to 
be obtained by this improvement was that the racing of the 
engines in heavy weather would be reduced to a minimum. 
However, after a severe trial extending over twelve months, 
it was found unsuitable, and was done away with at consider- 
able expense. 

Since its commencement in 1871, this line has lost one of 
its fine vessels, namely, the Atlantic, which was wreck 
—— Head, near Halifax, and by which many lives were 

ost. 

The next line was the Mississippi and Dominion. This was 
an offspring of the Liverpool and Mississippi Steamship 
Company trading between Liverpool and New Orleans. The 
Quebec and Montreal service was commenced at the latter 
end of 1872, to which places a regular line is now kept up 
from Liverpool as well as on their original station to New 
Orleans. Since its formation the Dominion Line has lost 
two steamers, the Missouri, wrecked at the Bahama Island, 
October 1, 1873, and the Vicksburg, which collided with an 
iceberg on June 2, 1875, by which 47 lives were lost. 

In 1871, the Pennsylvania Railroad ‘Company, being 
desirous of increasing their share of the trafic from 
Europe, promoted the only existing American Transatlantic 
Line, namely, that known as the American Steamship 
Company plying between Philadelphia and Liverpool. The 
four fine vessels of this line were built and engined by 
Messrs. Cramp, of Philadelphia, so that they are enabled 
to sail under the American ensign, as owing to the United 
States law no vessels but those actually built in the States 
can do so. Owing to this law all the steamers chartered 
by this line are obliged to sail under the British ensign. 

The vessels and engines of this line, although built in 
America, do not present any ‘peculiar features worthy of 
mention, being of the same style as British ships and fitted 
with single compound engines. This line has to regret the 
loss of one vessel, the Abbotsford, which was wrecked on 
the Anglesea coast, July 23, 1875. 

In 1873, the State Line also commenced between Glasgow, 
Larne (Belfast), and New York; it, however, has by no 
means been successful. This may be accounted for by the 

+ dulness of trade since its establishment, and the 
act of the vessels being at first of weak construction, 
which put the owners to great expense in overhauling them. 

In 1874 another line under the name of the Great Western 
commenced plying between Bristol and New York, and still 
keeps up a — line, but at long intervals. 

Early in 1875 the Warren Line again commenced the 
steamship trade to Buston. 

In February of the same year the Wilson Line of Hull 
commenced to trade between that port and New York. 
Since the commencement they have sustained a severe blow 
by the loss of their steamer, the Colombo, which sailed in 
January, 1877, and has never been heard of since. 

The Canada Shipping Company also made their first 

venture in steamships during 1875, and under the name 
of the Beaver Line now carry on a regular service be- 
tween Liverpool and Quebec. 
.. The last line to come upon the scene was the Leyland ; 
it commenced plying to Boston early in 1876 as a fort- 
nightly one, but has since increased to a weekly service. 
The Leyland vessels are of the same t as those of the 
White Star Line, and of the same cnedlent construction. 
They have recently been fitted with more powerful four- 
cylinder compound engines, and have been found admirably 
adapted for the service. 

In 1873 a line was formed under the name of the South 
Wales Atlantic Steamship Company, to ply between New 
York and Cardiff, but it only lasted two years. 

As it would be impossible to relate the numerons im- 
portant particulars incidental to the trade during the last 
thirty-seven years, the author has compiled Tables, of 
which a short review will suffice on the present occasion. 

_ Table No. I. gives the number and names of the various 

lines, also the number and collective tonnages of the steam- 
ships employed by them in 1877. By it may be seen 
that there were 182 steamers with an ea tonnage 
of 556,850 tons ; of these 125 belonged to Great Britain, 
and had a tonnage of 377,905 tons, or more than three- 
fifths of the entire tonnage. 

Table No. II. gives dimensions of the most famous 
steamers ; by this will be seen the immense size of the 
Great Eastern in comparison with the other vessels, and 
also the gradual increase in size from the Britannia’s 
230 ft. in 1840, down to the City of Berlin’s 520 ft. in 1875. 

Table No. III. on the various most rapid 
made outward and homeward. This Table shows that 
the Lara now have been reduced in duration of time 
to one- of that occupied at the commencement, not- 


withstanding that the distan 
| — ~  pecrerteeieehare se acears 
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uM by & ‘ ° & Oo E ae i] a] 
A |gg| folks FR EE |e E (RE |* 
‘= 3 bm |e 8 ay 8 mee 1s 
. ms Be ® TJ Pe} 
Name of Ship. Date. g E oF 32 . ESE a é lS. 53 F : 
ee re ga eralg etl. o!8e FEE aA 
FS | $3 |SSe\Sesle oa) 8a | se see) 2S 
4° | B% |gehlses|4 am Sah) 8 
d. h. m. | tons. | tons ewt. cwt. Ib. 
Britannia ... ...| July, 1840 144 8 0 88 | 544] 225 | 48.35/ 83 | 3.8 740 | 4.7 | 2050 
Scotia one «| July, 1866 | 8 4& 84] 160] 1805 | 1400 |18.5 |14.5 | 9.2 | 4200] 3.6 | 6890 © 
City of Paris ...| November, 1867...; 8 4 1 100 | 816.6 | 1700 | 9.6 | 13.8 | 6. 2800 | 3.8 | 4700 
Britannic ... .| August, 1877 7 10 53 100 | 745.6) 3350 | 4.45/ 15.6 | 5.3 | 4920] 1.9 | 8500 
lines ; the gradual reduction of the time occupied is also; From these particulars it will be seen how great has been 


clearly shown by this Table, as is also the superiority of the 
new style of steamship over the old, owing to the great 
difference in favour of the White Star Line whose vessels 
are of the latest and most improved type. 

The next, Table No. V., contains in a brief form the 
particulars of the various steamships lost in the;trade, its 
examination may prove interesting. Since 1840, 56 
steamers have been lost, of which 29 were the cause of loss 
of life. Of the steamships lost nine have never been 
heard of after sailing from port, so that it is unknown how 
they were lost ; four were burned, five sunk by collisions, 
two sunk by colliding with ice, two foundered at sea, and 
thirty-four were wrecked. 


TABLE No. I.—Names of Atlantic Lines with Number 























and Tonnage of Ships in 1877. 
Ela ls 
2|28| ¢ 
2|e8 ag 
.| Name of Lines. S|és| 8% —ine 
S g on BZ 
at = S | 
: 5/32 | 33 
a Ale is) 
1/Cunard .| 18 |49,710 
2\Inman... ... 11 [39,973 
3) White Star .., 9 |34,213 
4/Guion .., .| 5 |17,740 
5| National 12 |50,382 
6| Dominion .| .9 121,673 
7/Allan.,, 18 |52,650 
8/ Anchor 14 |34,799 
State .., .| 7 [16,633 
10| Leyland 6 |17,946 
11| Wilson... .| 5 |14,698 
12) Warren 5 |15,741 
13/Beaver... ... 3 | 6,635 
14|Great Western 8 | 5,112 
377,905 | British, 125 steamers 
15| American 5 |15,798 
——/ 15,798|American,5 ,, 
16|French... 10 |39,325 
——| 89,325|French 10 ,, 
17|Hamburg American | 16 [51,034 
18|Nth. German Lloyd's | 16 |46,361 
97,395 |German, 32 ,, 
19|Netherlands Steam 
Navigation Company| 6 |17,959 
20|Netherlands Ameri- 
can Steam Naviga- 
tion Company 4 | 8,468 
26,427 |Dutch, 10 ,, 
Total tonnage ...| 556,850 |Total 182  ,, 














Of all the f ing steamships lost, only two of them 
can be attributed to a breakdown of the machinery, 
namely, the Anchor Line steamer, Hibernia, which 
foundered through her propeller shaft having been with- 
drawn from its place after the propeller had been lost, and 
the other, the Anchor liner Ismalia, which was once spoken 
under sail, her machinery being disabled, and was never 
heard of afterwards. ith these two exceptions, not a 
single passenger’s life has been sacrificed through:a break- 
down of the machinery, nor as far as the author can 
learn, has a boiler explosion occurred on the hundreds of 
steamers employed since 1840. 
Too much importance cannot be attached to this matter, 
as the past 37 years’ experience proves that there exists no 
ands for uneasiness as to the safety of the vessel when 
er crank or propeller shaft breaks, or propeller is lost, 
indeed it is the author’s opinion, after having sailed over 800 
miles ina isabled steamer, that most of the existing 
screw steamers are possessed of sailing qualities second only 
to first-class clippers, a fact which should become exten- 
sively known so that the many caused on a steamer 
being reported disabled may be set at rest. any year 
1877 there were over 500 sailings of steamers from Liverpool 
alone and only five became disabled. 
The largest number of losses, however, must be attri- 
buted to a cause which unfortunately lies beyond the 
power of science to prevent, that is the fallibility of man 
who, by miscalculating distances, mistaking lights, errors 
of j ent, &c., brings about the greatest marine ters 
for it is unreasonable to expect that profitable vessels will 
ever be built which can, without sustaining injury, be 
driven upon rocks at full speed, or withstand shock of 
another vessel (with a displacement perhaps of 8000 or 
10,000 tons, striking them. 

Another important consideration connected with steam- 
ships is the consumption of fuel; the great reduction 
which has recently taken place in this heavy item of ex- 
— must be largely attributed to the introduction of 





Table No. IV. shows the average duration of the 
sages made throughout the year by the various Sivernoul 





the saving of fuel, notwiths ing an immense increase Of 
tonnage, horse power, and s Although much of 
this must be attributed to the compound engine, still it is 
the opinion of the author that the improved proportions and 
lines of the hull have also in a great measure to 
bring about so satisfactory a resuit. 

Up to the present time the honour of ear 8 made the 
fastest passages (an honour esteemed in the hig’ est degree 
by the several — belongs tothe White Star Line, as 
may be seen by Table III., their steamers Britannic and 
Germanic having on several occasions made passages under 
seven and a days-. The splendid performances of these 
— vessels deserve more ry a1 my notice. Up to oo 

wo years ago & passage ours was conside 

to be a most weeny a id one, in we 4 find the 
average passages throughou' year of the Britannic 
were outwards 7 days 18 hours 22 minutes, and homewards 
7 days 20 hours minutes, and the fastest nageqes 
7 days 10 hours 53 minutes, and 7 days 12 hours 41 minu 
respectively’; some of the days’ runs made by these steamers 
are worthy of note. 
In April last = the Germanic going westward 
410 knots in a day of 24 hours 55 minutes, which is at the 
rate of 19} statute miles per hour, and the same vessel 
coming eastward in October last logged 394 knots in a 
day of 23 hours 26 minutes, which is at the rate of 19} 
statute miles per hour; and as over 400 knots has been 
several times ran by these steamers and the Inman 
Line City of Berlin in a day, we may be quite prepared to 
hear of the pepeage from Queenstown ;to New York 
made in seven] days. The foregoing performances wi 
scarcely be surpassed until the existing mode of peopeling 
veigeie has undergone a complete change, which ma- 
terially reduce the costly wear and tear of machinery, and 
the yet heavy consumption of 

@ average and rapid passages given above show 
pleasing records when com with those of the clipper 
ships in the year 1839: these were 33} days outward and 
224 homeward, the fastest being 23 days out and 17 days 
home, and of the steamships which a 16} days out 
and 134 — home, the fastest being 13 days and 124 days 
res vely. 

t may be a matter of surprise that no mention has been 
made of the performances of the newest ships of other lines 
than those noticed, but it was |found that time only per- 
mitted the most remarkable to be i in this paper. 

In conclusion the author would beg for a favourable con- 
sideration towards any errors which may have occurred in 
the ree ger ing of the Tables, as the information has not been 
obtained officially from the several lines, but has been 
collected by him from reliable sources, and he would feel 

tly ob! for any suggestion or correction, so that 
* Atlantic Lines and Steamships’’ may afford to those 
interested a practical review of the largest and most im- 
portant steamship trade in the world.* 





Tue MeTrorouoaicaL Socrety.—The usual month! 
meeting of this society was held om» Wednesday, the 20t 
ult., at the Institution of Civil Engineers, Mr. C. 
Greaves, F.G.S., President, in the chair, when Dr. Tripe 
read a paper on ‘The Winter Climate of some English 
Seaside Health Resorts.’’ The places selected were Scilly, 
Torquay, Penzance, Guernsey, Barnstaple, Ventnor, 
Llandudno, Ramsgate, and Hastings, and the climatic 
features of each were compared with those of London. 
The results of this discussion may be briefly summed up as 
follows, viz., the mean daily winter temperature of y Foor 
seaside places, and especially of those situated on the coast 
of Devon and Scilly, is higher than at London; the mean 
daily maxima and minima are also higher and especially 
the latter, so that the daily and monthly ranges of,tempera- 
ture are smaller, the mean humidity is less ; the general 
direction of the wind about the same, but the number of 
wey Senses Sos all are greater at the seaside. As 
weet he wind, therefore, the chief point to be ry pd 
2 a is the a of shelter Noe ae by re h a as 
at Ventnor, an oo y of pr ion agai stormy 
and cold winds which ordinarily ail at the end of 
February and in March. The soil also should be con- 
sidered, as heavy rains at gravelly and chalky places are 
not so objectionable as on clayey ground. The. ion 
on this was adjourned until the next meeting, which 
will be on March 20. The! following were elected 
fellows of the society: W. B. W. Berridge, 

M. Burke, Rev. I. A. L. ‘gg A . 
Lieut. C. 8. F. ‘- C. H. Holden, Professor H. J. 8. 
Smith, Capt. W. Watson, C. Woollett, and 

Ormerod. 5 , 
# Since the publication of Table V. (vide page 173 ante 
the following ‘error and omission have been noted, viz. : 
The Cunard steamer —— was lost in May, 1873, instead 
of 1872, and the loss of Inman steamer City of. Phila- 


+3 








he com: ‘ 
As a rerienettet the reduction which has taken 
place, the author has out the calculations based on 
the various averages and given above. 





delphia, wrecked in fog on Cape Race 1854, was altogether 


omitted. 
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STEEL CASTINGS —Continued 8. 
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REPULSION FROM RADIATION. 


In our last article* on this subject, we noticed that 
the form of the surface of the vanes of a radiometer, 
and the position in which it is presented to the inner 
surface of the envelope, have more influence upon the 
sensitiveness of the instrument than has the colour 
of that surface or the material of which the vanes are 
com: Mr. Crookes was led to the discovery 
of this fact while experimenting with a view to find- 
ing out the best material of which to make the vanes 
of a radiometer. In an instrument in which the 
vanes were cut out of thick gold leaf blackened on 
alternate sides, Mr. Crookes observed that radiation 
from a candle repelled the black surface of one of 
the vanes, but appeared strongly to attract the black 


ACTION of ALUMINIUM CONES 





Fie. 6. 


surface of the other, and noticing that the disc 
which moved in the abnormal direction was some- 
what crumpled and presented a concave black 
surface to the source of radiation, he was led to make 
a series of experiments with a view to ascertain the 
part that the surface forms of the vanes play in 
regard to the phenomena, as well as the effects upon 
the sensitiveness of the instrument caused by setting 
the discs at different angles with respect to the arms, 

In these experiments the material chiefly operated 
upon was aluminum, which, on account of its small 


weight, is eminently suited for the p ; and the 
various vanes were tried in an envelope with an 
opening at the top, which could be closed by a 


circular plate of glass, 





* See ENGINEERING, p. 156 ante. 














Mr. Crookes found that when the vanes consist of 
flat diamond-shaped plates of aluminum blackened 
on one side, a radiometer is less sensitive to the 
luminous rays than is one either of mica or of pith, 
but is at the same time more sensitive to what he 
has called ‘‘ dark heat,” by which is meant radiation 
from bodies whose temperature is below that of 
incandescence. The black face of a metal radiometer 
is repelled by luminous radiation in the same way as 
if it were blackened pith, but if the instrument be 
plunged into hot water or covered by a. hot’ glass 
shade, the fly rotates in a negative direction, the 
black surface appearing to be attracted. The action 
continues until equilibrium of temperature has been 
established, when it ceases ; but upon removing the 
radiometer from the source of heat it revolves, while 





Fie. 7. 


cooling, in the opposite direction, the black surface 
being repelled as if it were under the influence of 
luminous rays. In this respect metallic radiometers 
present a striking contrast to those of pith or mica, 
the latter moving in the same direction under the in- 
fluence of both luminous and non-luminous radiation. 

By turning up the outer corners of the aluminum 
plates, so as to cause them to make an angle of 
135 deg. with the arms, the blackened surface being 
inside the angle, it was found that a negative rota- 
tion was produced, the black surface moving towards 
the candle, and by turning up a larger portion of 
the surface more decided results were obtained. 
When the plates were flattened and set on the arms 
at an angle, as shown in Fig. 1, strong repulsion of 
the black surface took place from both luminous 
and dark heat when the lamp-blacked surface was 
outside, but the instrument was almost uninfluenced 
by radiation when the blackened surface was inside, 

In order to test the effect produced by the blacken- 
ing of the surface, and that due to its angular position, 
the one against the other, Mr. Crookes constructed 
a radiometer having two arms, the one carrying a 
square plate- of aluminum fixed radially, and the 
other supporting a similar plate set at an angle of 
135 deg., the outer face of the latter was blackened, 
as was that surface of the former which faced the 
same way. Thus either two black or two white 
surfaces were exposed to the light, instead of a 
black surface on one arm and a white surface on the 
opposite arm, as is usually the case. Whena source 
of radiation was allowed to shine separately on the 
blackened surface of either plate, repulsion took place, 
the instrument movingin one direction in the one case, 
and in the opposite direction in the other, but when 
both plates were exposed at the same time to radia- 
tion, the influence of setting one plate at an angle 
with the radius was so great as to cause that plate 
to drag round the other against the force of radia- 
tion, whose tendency was to force the latter in the 
opposite direction. 

A large number of experiments were conducted 
during this period of the research in which cups and 
cones of gold, copper, aluminum, and other metals 
were substituted for the flat or bent -plates. The 
results of these experiments agree generally in the 
fact that shape has a stronger influence than colour 
on the action of the radiometer; for instance, 
the effect of radiation upon a cup-shaped radio- 
meter is to drive it round in the direction of its con- 
cave surfaces; that is to say, ina direction opposite 








to that of a Robinson’s anemometer, which it very 
much resembles, and blackening either surface does 
not modify its direction of rotation. 

It would be impossible within the limits of an 
article to refer to these experiments individually, 
for the mere enumeration of them would take 
up more space than we have at our disposal, but 
we cannot omit to mention in this place an interest- 
ing experiment in which the action of radiation on 
cup-shaped vanes is well illustrated. A radiometer 
with two arms was constructed in which the vanes 
consisted of shallow aluminum cups facing in 
opposite directions, and bright on both sides, When 
the radiation from a candle was allowed to fall 
equally on both concave and convex surfaces, the 
instrument rotated at a speed of eighteen revolutions 


Fig.4. 


ha 





Mica cooling 
Fig. 10. 


Next, a screen was placed in such a 


per minute. 
position as to allow the radiation to shine only on 
one side of the axis of the instrument so as to fall 


on the convex surfaces of the cups as they roma 
The rotation was in the same direction as before, 
but its speed was reduced to about eight revolutions 
in a minute. van exposing the concave surfaces 
of the vanes to the influence of radiation (the oppo- 
site side of the instrument being screened off) the 
fly rotated in the same direction and at a speed of 
84 revolutions per minute, showing that the 
apparent attractive action of radiation on concave 
surfaces is about — to its repulsive action on 
convex surfaces. e attractive influence is onl 
apparent, however, and Mr, Crookes’s later experi- 
ments have thrown considerable light upon this 
action. The effect of radiation upon metallic 
cones is almost the same as upon m c cups, In 
Figs. 2, 3, and 4 a radiometer having cone-shaped 
vanes is represented in the three conditions to 
which the instrument last described was subjected. 
Fig. 2 represents the effect of radiation falling 
on both cones equally, Fig. 3 that when allowed 
to fall only on the convex surface, and Fig. 4 
that when falling on the concave surface, and the 
following Table py the results of these experiments 
in terms of speed of rotation. 
Speed of rotation in position B = 110 rev. per min. 
a a oma * 2 
Sum of speeds of rotation in positions Be C= Hy} pa pe 
Difference between theory and observation iS « o 
It will be seen that in this case also there is a re- 
markable closeness between the speed of rotation 
when radiation is shining on both vanes together, 
and the sum of the speeds of rotation when the 
vanes are subjected separately to the repulsive 
action ; the difference is only 1.2, an amount which 
may well be accounted for by the friction of the 
pivot on its centre and other retarding causes, which, 
when both vanes are under the influence of radiation, 
are divided equally over each, but have to be borne 
separately when only one vane is acting at a time ; 
or, to put it differently, these retarding influences, 
which form one item in the calculation when both 
vanes are being acted simultaneously, have to be 
reckoned twice over when the actions on the vanes 
are recorded separately, and the number of these 
rotations added together. S 
The somewhat anomalous behaviour of a hollow 
cup or cone under the influence of radiation, moving 
towards the source of radiation as if it were subject 
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to an action of attraction, is explained by Mr. 
Crookes’s more recent researches in the following 
way. When a ray of luminous radiation falls upon 
the concave surface of a good conductor, such as 
aluminum, some is dissipated by reflection within 
the bulb, but some is absorbed and converted into 
thermometric heat, warming the substance of the 
vane, and causing a layer of molecular pressure to 
be formed on both surfaces of the cup or cone, In 
consequence of the molecules of the gas being packed 
so closely together at ordinary pressure or at low 
degrees of exhaustion, there is no freedom of mo- 
tion in any one direction for the gaseous molecules, 
and the layer of pressure is in consequence very 
thin, extending only to an inappreciable distance 
from the surface of the heated body. As the ex- 
haus*ion continues, however, and the gaseous mole- 
cules are as it were thinned out by the action of the 
pump, more and more room for motion is allowed 
to those molecules that are left, and the layer ex- 
tends further and further from the generating sur- 
face until, at a sufficiently high exhaustion, it reaches 
the glass bulb, and molecular pressure is exerted be- 
tween the two surfaces. The more favourable pre- 
sentation offered to the bulb by the outside of the 
cone causes the effective pressures to be greater on the 
convex than on the concave surface, and the vanes 
move in the direction of the least pressure, giving 
to the phenomena the appearance of attraction. 

Fig. 5 is a di in illustration of this explana- 
tion, in which the field of molecular pressure is re- 
eer by dotted shading, the closeness of the 

ots, and therefore the darkness of the shading, re- 
presenting the intensity of disturbance. 

The influence of what Mr. Crookes calls ‘‘ favour- 
able presentation” between surfaces acting and re- 
acting on one another through the intervention of the 
residual gas, is very great in the action of the pheno- 
mena connected with the radiometer, and it has been 
the subject of a large number of experiments. As 
an example of the importance of the influence we 
may cite an experimental radiometer made by Mr. 
Crookes, in which the vanes were of aluminum and 
cup-shaped, the concave surfaces of the cups being 
blackened, When subjected to radiation, this in- 
strument rotated in a negative direction, that is to 
say in the direction of its blackened surfaces, show- 
ing that the favourable presentation of the outside 
of the cups to the glass envelope had a superior in- 
fluence upon the action to that of blackening the 
opposite face. When, however, the convex surfaces 
of the iy were blackened, the concave surfaces re- 
maining bright, the instrument revolved with great 
rapidity. In the first of these instruments the 
resultant motion of the vanes was due to the dif- 
ference of the forces of repulsion on the opposite 
faces of the cups acting against one another, and in 
the second it was due to the sum of those two in- 
fluences acting in the same direction. Several of 
these experiments were shown by Mr. Crookes at 
the soirée given by the President of the Royal 
Society in the spring of last year, and were described 
in these columns at the time.* 

Tn illustration of a pa er read before the Royal 
Society on the 17th o' Teamey last, of which we 
published an abstract, Mr, Crookes exhibited 
an interesting experiment, in which it was shown 
that according as the presentation of the source of 
radiation is favourable or unfavourable to one 
direction of rotation, so that direction is positive 
or negative in the same radiometer. By heating a 
metal ring (such as the brass ring of a retort stand) 
and placing it over a radiometer in such a position 
as to lie in the equatorial plane of the bulb, 
rotation of the vanes is produced in a itive 
direction, no matter what is the material of which 
the vanes are constructed ; but that if the hot ring 
is placed either at the top or the bottom of the bulb 
the motion is in the opposite direction. Fig. 6 is 
an iJlustration of the experiment. When the ring is 
in position A, the motion of the vanes is in the 
direction of the arrow Fig. 7, wd when in position 
A, the rotation is in the opposite direction shown in 
the diagram Fig. 9. 

The explanation of the itive rotation when 
the hot ring is in position B, is that the hot equatorial 
zone of glass immediately opposite the metal ring 
causes molecular disturbance (represented on the 
diagram by the dotted shading), which radiating 
towards the centre, strikes the sloping vanes, driv- 
ing them round as if a wind were Neouten upon 
them. When, however, the hot ring A (which by 


the way is not so large as represented in the draw- 





* See ENGINEERING, vol. xxiii., p. 333. 
+ See ENGINEERING, poge 73 ante. 


ing) ie placed above or below the radiometer, mole- 
cular pressure is radiated downwards or upwards, 
the insides of the sloping vanes are presented more 
favourably to the influence, and the instrument 
rotates in the negative direction shown in Fig. 7. 
Upon removing the rings and allowing the vanes 
to cool, the rotation of the fly is positive when 
aluminum vanes are employed, and negative when 
they are constructed of pith or mica. These actions 
are illustrated in the diagrams Figs. 9 and 10. 

In our next article we shall refer to Mr. Crookes’s 
recent researches upon repulsion from radiation in 
different of the spectrum, and the effect of 
coating the vanes with various chemical substances, 








THE PARIS EXHIBITION.—No. XVII. 

From official sources, and from the columns of the 
Bulletin du Comité des Forges de France, we are en- 
abled to collate complete data upon the manner in 
which the work of the Paris Exhibition buildings 
has been divided, the quantity of material em- 

loyed, and the prices at which the contracts were 
et. A comparatively small portion still remains 
uncontracted for. 

In October, 1876, the Special Commission ap- 
pointed to examine into the direct tenders for those 
portions of the work which were not to be submitted 
to competition, approved the preliminary agreements 
entered into the 5th of September previous, between 
the Commissary-General on one side, and the 
Creusét Company and the Fives-Lille Company 
on the other. The amount of each of these con- 
tracts was 72,000/., and comprised the iron frame- 
work of the machine galleries, and of the lateral 
exterior galleries. The following were the prices 


agreed upon for the work. 


per ton. 
1. Gass for columns, down pipes, ba- £ 


jus’ > ies eos ove ese 12 
2. Wrought-iron window frames, sash 
3. All other classes of wrought-iron work... 22 


These prices included all octroi charges, erection, 
painting, and contingent expenses. 

In the same month four other contracts were also 
let, —_ comprising the following portions of the 
work. 











Ironwork for Galleries. 
MATERIAL. Quantity. Pr T dag Total. 
Cast-iron columns car- tons. £ £ 
rying flooring ... .. 292.8 10 2,928 
Cast-iron columns for 
= railings, and 
ME «day eda” Eeue 366.7 12 4,400 
Wrought-iron work for; 
flooring ... ... | 1028.5 14 14,400 
W: ht-iron work for} 
window frames in lan- 
terns, narrow 
leries, &c. ... 275.5 24 6,612 
OE “eae ae 13.3 36 479 
Miscellaneous ironwork. 977.2 20 19,544 
48,363 
Add for contingencies... 4,837 
Total ... 53,200 














The foregoing were the scheduled prices, and the 
contracts were awarded one to each of the four 
competitors who agreed to the largest reduction 
upon them. The tenders of M. Baudet, M. Roussel, 
M Moisant, and M. Rigolet were accepted, each 
of these tenders providing for a reduction of 3 per 
cent. 

In November following the contracts for the 
ironwork in the two great vestibules were let, one 
to MM. Cail and Co., and the other to M. Eiffel, 
the vestibule opposite the Ecole Militaire going to 
the former firm, and that facing the Seine to the 
latter. 

The prices agreed upon were as follows : 


per ton. 
1. For cast-iron columns, down pipes, ba- £ 
lustrades, &c. ... ‘el 12 


2. For ornamental cast-iron work, brackets, 
facade plates, &c.... a ob sees: se 

Any special castings required for the facades, &c., 
would be paid for at special rates, to toelade extra 
cost of pattern. The prices in all cases included 
transport, duties, erection, painting, &c. The 
following is a schedule of the quantities, prices, 
&e., of the wrought ironwork in the facades. 

In December a small contract was let to the 





works at Maziéres (Cher), for supplying and putting 





A. Ironwork in Vestibule facing the Ecole Militaire. 











MareERIAL. Quantity. ee Total. 
tons. £ £ 
Bars and plates for ordi- 
aw f girder and roof- i 
work ... 0... we} 1251.5 22 «| 27,538 
Bars and plates for dome 
i - | 453.4 26 | 11,788 
Bars and plates for win- 
dow frames, &c. 507.3 27.2 | 13,798 
53,119 
Added for contingencies 39 se 4,881 
Total 58,000 











B. Ironwork for the Vestibule opposite the Seine. 




















MATERIAL. —_| Quantity. Price Per | ‘Total. 
Bars and platesfor ordi-| —_ tons. £ £ 
—— | cc and roof- 
nn ers me | 22 23,221 
Bars and plates in the 
ironwork of the domes 683.4 26 17,768 
Window frames, panels, 
i sae. ack eras 505.4 27.2 13,747 
54,736 
Added for contingencies 5,264 
Total ... w 60,000 
in place the eight rows of cast-iron gutters of the 


inner galleries of the Exhibition, and for the supply 
of iron keys and wedges, bolts, and rubber packing 
for making joints. The price fixed for each length 
of gutter 15 yards Gin, long, was 7.6/., including 
four fastening bolts for each length, transport, duty, 
erection, painting, &c. The number of lengths in 
this part of the Exhibition is 904, so that the total 
amount of the contract was 6870/. 

In February of this year, the Societé des Forges 
et Fonderies of Montataire (Oise) concluded a con- 
tract to supply a quantity of about 450 tons of 
galvanised iron sheets, with fastenings, for covering 
the principal buildings in the Champ de 
These plates are each 8}in. wide by 164 in. long, 
increasing as a maximum to 17#in. in length, and 
about .013 in. in thickness, The contract price was 
18.46/. per ton, delivered on the Exhibition grounds. 
eo a therefore to 8307/7. sa 

e same mon were entered into 
with M. Lelubez, of Paris, for the construction of 
the minor ironwork for the Fine Arts Gallery, the 
quantities and weights being as follows : 











Ironwork for Fine Arts Galleries. 
Price per 
MATERIAL. Tons. Ton. Total. 
Cast iron for railings, £ £ 
RE age cate. Sacn'! Sade 107.5 12 1,290 
Wrought iron  sash- 
frames and lanterns... 71.9 22 1,581 
Plates for louvres and 
persiennes... ...  ... 5.7 32 182 
Miscellaneous plates and 
Re as in tt ee ee 18 6,447 
9,500 
Added for contingencies 896 
Total oc oes eve 10,396 














The above prices include transport duties, erec- 
tion, painting, and making good all connexions 
with adjacent work. 

In May, the General Commission awarded to 
MM. Jolly and Co., of Argenteuil, the contract for 
furnishing and erecting the material for widening 
the Pont d’Jena, and for the bridge over the sub- 
way in the Quai de Billy. ‘The quantities and 
prices in the former are : d 

std columns, &c., 45 tons at 121. 
Wrought iron, including handrail, 290 
tons at 18.3/. ... sao 6 ies 


For the bridge over the Quai de Billy ; 
Cast iron in cornices, pilasters, &c., 
9 tons at 161. ... xt es “sf 
Wrought iron, including handrail, 136 
tonsat22/. ... abs * ry 
Steel, 3.6 tons at 441, 


14 


158 


Total 9141 
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Cost or IRONWORK FOR THE BUILDINGS IN THE CHAMP DE Mars AND TROCADERO. 


















Nature or Work. =... naw Ore by nie t se Contin. Torat. 
for. tor. se . 
siv798 4 5.738 5262 60.000 
Ironwork of main vestibule (facing the Seine) ... ai a \ oa P Y 60, 
” ” Ciasing the.Tieehe es ag Si 53,119. ’ 58,119. | + 4,881 58,000 
hinery. Hall, ies (Avenues de la Bour- 
donnaye and Lamothe-Piquet)  . ..: ese La + | | 48,863.). 1451 46,912 4,836 91,748 
Do. = ~ (Avi yg ee 48,363 1451 (46912, 4,836 ) 51,748 
Do. do. do. yenues.de Suffren’ rere 
Piquet) * oe ft mses oe | 48,363 145) * 46,912 4,836 M 51,748 
Do. do. do. Galleples (Axenue’ de ‘Bourdonnaye and Quai t 
d’ Orsa:; en a edhe «e+ |! ¢- 48,363 1451} .46,912' | > 4,886 51,748 
Ironwork for Fine Ria = ; oh y 1169 >} 8835 | «. 806 |, . 9,231 
Cast iron gutters for itudinal galleries 864 we tL * 6,864, tat~ 4 , 8,000 
Guy nee gana o anf iatorel oll pA a | i) foe | 4'300 
t i ‘or gaain nave Pers wit 8 
” 3 — for] ini i 1,578 1,574 » 437 2,001 
Padacs id gedséitinig eal 331,652 6973 324,680 33,544 | 398,224 
I k, &c., for the Trocadéro , as ing sche- 

“hie ee we ee ee 20,584 | 1,821 | 29,955 
Widening of the Pont d’Jena a it Ps ool 5,847 
Bridge over sunken way Quai de Billy ... 9,141 

», at the Ie des Cygnes be = ae 16,800 
Ironwork for Machinery Annexes ... eer oe 12,000 
», . for Exhibition station for the Ceinture Railway ... 2,000 

Ironwork and erection of structure for power transmission in 
French and foreign machinery galleries _... os sa 13,464 
Total me sé 479,831 




















The above summary is only complete so far as the feonaront fag ig iain portions of the Exhibition are cmomant os 


there are in addition thé. qumerous smaller annexes and 


dealt with on a future occasion. 


In June MM. Haldy, Keechling, and Co., of Pont- 
a-Mousson, obtained Lx er yarn ae price ~ per 
cent, below the scheduled estimate. for supplying 
and erecting the structures. for pice he. of 

ower in the Machine Galleries, as follows, the 
vifferent classes of material being taken collec- 
tively : 


&, &£ 
For the French section 605 tons at 13.6=—8,228 
- foreign section 385 ,, ,, 13.6=5,236 


Total obi «» 18,464 
_ Added for contingencies «» 1,786 


* Total es oe 15,200 . 
The contract for the ironwork on the Trocadéro 
Palace was not let until July, when it was awarded 
to MM. Joly and Delafoy, of Argenteuil, Sub- 
joined is a summary of the quanties of iron used in 
the construction, and prices paid. 








Material in the Trocadéro Palace. 
b 
= i the 
MaArTErrat, $ z a Total 
Slee es 
ae tons. £ £ 
All ironwork in the lantern 





of the circular roof ..._... 44 30 1,320 
Plates and bars for the sae 


ing of the great hall... ... 92 25 2,300 
Ironwork in the large central 

roof, and in the roofs of ad- | 

jacent halls... ... ... ...| 408 24 9,720 
Extra for each of the large | 

spans of the main hall ...... | 9 20 180 
Sashes, frames for lights, &c.. | 12 27.4 329 
Lightning rods... «.  «.. | 8 60 408 
i, 6g Te eS ee id 6 
Girderwork for flooring, &e. . | 38 18.6 707 


Rolled beams 260 mm. in| 
depth, and above for vesti- 
bule and terrace roofing ... 112 14.8 1,657 

Rolled beams above 260 mm. 
for floor joists, roofing for 
pavilions at ends of ter- 


FAC, BO0 oe ee 55 13 715 
T irons for ceilings of tri- 
bunes, &ec. ... 5 16 80 


Cast-iron columns for tri- 
bunes, and for carrying the 
flooring of first story of 
event eef Jen 2, FOES 

Plates and bars for girders 
and purlins in the straight 
roof of the grand hall, and 
small T irons for the ceil- 
ing of the upper story... 40 20 800 

Scaffolding for erecting the 
main roof and ceiling of the 


16 12 192 





2,480 
Added for contingencies . 2 te ee 
Total ... dia i 22,715 














cost of masonry, brickwork, &c., 


' 


ransport, dues, erection, painting, &c., are in- 
BE is ged above sum, 

Thrée smaller contracts may finally be men- 
tioned; A light bridge is tobe erected across the 
Seine, traversing the Ile des Cygnes, and connect- 
ing the’ Quai de Grenelle with the Quai de Passy. 
This bridge.is to be in six arched spans of cast iron, 
and will cost 16,800/,..The construction of this 
work is given to MM. Cail and Co, The ironwork 
for he pachinery: annexes of the Exhibition has 
been let for 12,0007. M. Baudet has now in hand 
the. ironwork for the,station near the Exhibition, 
of the Ceinture Railway for a sum of 20007. 
ig the whole of the outlay for the iron- 

ibition Building, the Trocadéro 
Palace, and the eencipel work connected with them, 
we have the above result; the amounts it will 
be moticed differ from the more detailed estimates 
alr ven, on account of modifications made when 
the contracts were let: p eg 





THE MANUFACTURE OF GUNPOWDER. 
By James A, C, Hay, M.I.M.E., and A.I.C,E. 
(Continued from page 138.) 

Tue Dryine STOVE. 


TuE drying stove is simply a close chamber heated 
to a high ——— by steam; the doors and 
windows of the building are double, so as to prevent 
the loss of heat, and the interior is fitted up with an 
open framework of wood, supporting trays upon 
which the powder is spread out to dry. A series of 
cast-iron steam pipes (see Fig. 10 on the fol- 
lowing page) consisting of twenty-two lengths, 
each about 11 ft. long, withan e diameter of 
7} in., are laid a few inches above the floor; these 
pipes are arranged horizontally, with an inclination 
or fall of lin. in 11 ft, from the end where they are 
connected to the main steam supply pipe, which pi 
is in direct communication with the steam boiler, the 
quantity and supply of steam being regulated by 
means of a stop valve on the boiler, 

As the steam condenses — which it'will do to some 
extent in the large pipes—the water runs off through 
a small wrought-iron pipe attached to the ends of 
the large ones ; these drain pipes are bent in such a 
form as to allow for the expansion and contraction 
of the large pipes, each length of which is supported 
on four rollers fitted into cast-iron brackets, for 
allowing a freedom of motion laterally. The small 
wrought-iron pipes conduct the distilled water 
formed by the condensed steam into a main cast-iron 
pipe which conveys it into a close tank, whence it is 
pumped into casks and taken to the incorporating 
mills, where it is of much value for damping the 
charges. The drying stove is about 32 ft. a 
by 30 ft. in width, and from 10 ft. to 11 ft. in height, 
and affords about 10 cubic feet of space to every 
square foot of heating surface. 

A wooden staging is erected immediately over tke 


ipes, for supporting the trays; these trays consist 
rr paar frames with canvas bottoms, each being 


_| of wi 
8 ft. in length by 2 ft. 6in. in width, and about 1} in. 


deep, and upon each of these from 6 lb. to 8 lb. of 

powder are spread out evenly upon the canvas 
Bottom. The stove contains 256 trays, consequently 
from 30 to 40 barrels of powder can be dried at one 
time. 

It requires about four hours to heat the drying 
stove up to a temperature of 130 deg. Fahr., to 
which heat the powder is subjected. The tem- 

ga aery always be mvc ney i the atten- 

t without opening or en e stove, 
as a large thermometer is inside the building, 
at the window, with its face outwards. After the 
powder has been subjected to the full heat fora 
period of from sixteen to eighteen hours, the steam 
stop valve on the boiler is closed, and the chamber 
allowed to cool down. . In from two to three hours 
the temperature is sufficiently reduced to admit of 
the attendant entering for the purpose of removing 
the trays; it will therefore be seen that by this 
means one stove is capable of drying a full charge 
every twenty-four hours, but where the factory is 
lange, the better plan is to have two such stoves, 
with the steam boiler placed between them, and 
to work each one alternately. 

It is of the utmost im ce that the heat. be 
anes slowly, otherwise the texture or shape of 

¢ grain is apt to change by being cracked or burst 
into pieces, and consequently spoiled. If the 
moisture isnot carried away as it arises it will settle 
on the powder, and thereby injure the surface of 
the grain; to obviate this, the roof, and also the 
bottom of the drying stove, are — with venti- 
lators, and through these all the{moist air escapes. 
These ventilators can, if necessary, be opened from 
the ‘outside. When no more vapour arises, the 
ventilators are closed, and the powder subjected to 
the full effect of the hot dry air for some few hours 
before the doors of the stove are opened. 

The action of the heat in drying the powder pro- 
duces a small quantity of dust, consequently the 
powder has to be taken back to the dusting-house, 
and there d through a dusting-reel. The large- 
grain powder is put into a horizontal reel, covered 
with canvas, having twenty-four meshes to the inch, 
and reeled for half an hour, which effectually cleans 
it, removing all the dust and giving to the powder 
a fine finished gloss. 

The fine-grain powder is run through a slope reel, 
covered with canvas, having twenty-eight meshes to 
the inch, and reeled for about two hours, after which 
it—as well as the large-grain powder—is put into 
casks provided with copper or ash hoops, and when 
closed, the heads of the casks are branded, accord- 
ing to the size and nature of the powder contained 
in them. This completes the manufacture, and 
the gunpowder is now ready for use or storage as 
mc be required, 

na given quantity of ‘‘ mill cake” the proportions 
obtained are as follows: about seven-tenths large 
grain, two-tenths fine-grain, and one-tenth dust ; 
in damp weather, however, these proportions are 
somewhat al , the dust during such weather 
being considerably increased, 


Tue PELLET-POWDER MACHINE. 


In consequence of the great increase in the size of 
modern rifled cannon, and the large charges of gun- 
powder which have now to be used (from 300 1b, to 
500 Ib, being frequently employed), it soon became 
evident that some modification would have to be made 
in the description of gunpowder used. It was found 
that the ordinary large-grain powder hitherto 
adopted for small charges was not suitable for guns 
of large calibre, owing to the very rapid generation 
of the gases, and the inordinate strain to which the 
gun was thereby subjected. Extensive experiments 
were therefore carried out, with a view to determine 
the kind A tine? that would give to the projectile 
a high initial velocity, and at the same time reduce 
the strain upon the gun toa minimum, This resulted 
in the adoption of a by | large _grain-powder called 
‘pellet powder,” which upon trial was found to 
give very remarkable ts, as high an initial 
velocity as 1600 ft. per second being obtained, 
with a low stone g in the interior of the gun of not 
more than from 2] to 23 tons per square inch, 

These pellets are formed by ipa the 
powder meal into metal moulds; various shapes 
and sizes were tried, some were flat discs, others 
pies, but the shape which found most favour at 

t was the cylindrical pellet, } in. in diameter by 





} in. in length, and weig' 95 grains. Originally 
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these were made by hand, but it was soon een 
that, if required in large quantities, machinery 
would have to be devised for their uction ; con- 
sequently a large machine of a somewhat novel de- 
scription, and capable of making 400 pellets at one 
time, was desi ot | by Dr. John Anderson, and ma- 
nufactured at Birmingham. This machine (see Fig. 
11) is worked entirely by means of hydraulic power 
derived from an accumulator, which affords a pres- 
sure equal to 1000 Ib. per square inch, 

This machine—which has given most excellent 
results—consists of two hydraulic cylinders, with a 
division in the centre of each—thus, in reality, mak- 
ing four cylinders; in the two upper ones a plain 
cylindrical ram is fitted, which iniesehy siees and falls 
as the water is admitted underneath the ram or is 
withdrawn. ‘These rams are used, first, for com- 
pressing the pellets, and second, for ejecting them 
when finished out of the mould plates. The two 
lower divisions are fitted with piston rams, securely 
attached to crossheads, which are united together 
and also connected to two other crossheads above 
the cylinders by means of strong wrought-iron side 
rods, provided with collars working between lugs 
cast upon the hydraulic presses, and so adjusted as to 
allow only a certain limited travel either up or down. 
The upper crossheads can be adjusted to their 
exact positions by means of screwed threads and lock 
nuts on the upper end of the side rods, The use of 
the lower piston rams is to close the upper openings 
in the mould plates by bringing the top punches— 
which are connected to the upper crossheads by a 

-metal plate—down upon the mould plate, and 
thus confine the meal powder in the moulds. The 
upper rams are now slowly raised, and these, acting 
upon the lower punches, compress the powder in 
the mould plate. After the proper density has 
been secured, the action of the lower rams is re- 
versed, by which means both the lower and upper 
crossheads receive an upward motion, thereby rais- 
ing the upper punches clear out of the way, so as to 
admit of the compressed pellets being ejected out 
of the mould plate, and this is done by giving a 
further upward motion to the two plain eflindrical 
rams. ‘This will be better understood by referring 
to the enlarged view (Fig. 12), where the mould 
plate—which is double—may be supposed to con- 
tain a charge of meal powder in the mould ready 
for compressing into a pellet. The lower part of 
the mould is closed by the lower steel punch that 
fits the mould very accurately, while the point of 
the punch rests upon the top surface of the plain 
cylindrical ram in the upper part of the hydraulic 
cylinder. The upper punch is also of steel, but 
much larger in diameter than the lower one. 

To compress the powder in the mould, and form 
a pellet, requires four distinct movements of the 
machine. First, the upper punch is brought down 
until it rests upon the aoe plate and closes the 
mould ; this is effected by a downward motion of the 
two lower piston rams, to which the upper and 
lower crossheads are connected together with the 
upper punches. Secondly, the lower punches are 
raised by the two upper plain rams, and the powder 
is compressed in the mould between the two punches. 
Thirdly, when the pellet is sufficiently compressed, 
the upper punches are raised from off the mould 
plate, this being done by reversing the action of 
the two lower piston rams until the upper crosshead 
and punches are at a sufficient height to admit of 
the compressed pellet being ejected out of the 
mould plate. This fourth and last operation of eject- 
ing the pellet is effected by allowing the upper plain 
rams to rise still further, and thus force the finished 
pellet out of the mould by means of the lower steel 
punches. 

All these operations are simply and readily per- 
formed by means of a very ingenious arrangement 
of valves, the attendant having nothing to do beyond 
placing a handle in the several positions indicated on 
a dial. These valves are so constructed that the 
water power is admitted to the two presses simul- 
taneously, whilst, by a self-acting arrangement, the 
pressure is shut off by the press itself when it has 
travelled the requi distance, A relief valve is 
also provided to allow any excessive pressure to 
escape should it accumulate from any cause, and 
this prevents damage happening either to the pipes 
or other parts of the apparatus, 

It will thus be seen that a machine of this de- 
scription is capable of making pellets of almost any 
shape, such as cylindrical, hexagonal, prismatic, or 
—what is possibly the best of all—spherical, by 
merely altering the form of the mould and punches. 
In the machine referred to, there are (on a revolving 





table, the framework of which is made of gun-metal) 
four mould plates fitted; each contains 200 holes, 
but as there are only two hydraulic presses to the 
machine, it follows that only two sets, or 400 
moulds, are under compression at one time, so that 


rollers support the gun-metal table as it revolves 
upon its own centre. Nos. 2 and 4 mould plates, 
which have been wholly filled with meal powder, 
are now brought under the crossheads of the machine 
| and are in position for the powder contained therein 








Fig. 11. 


GUNPOWDER MACHINERY, CONSTRUCTED BY MESSRS. 
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if we number these mould plates consecutively, then 
Nos. 1 and 3 will be under pressure whilst No. 2 
and 4 are being filled. When the powder in Nos. 1 
and $ mould plate is sufficiently compressed, and the 
pellets formed therein have been removed, the 
entire table is turned one-fourth of the way round by 
means of a handle and toothed pinion working into 
corresponding teeth provided round the periphery 
of the gun-metal table, the revolving o which is 
much assisted by eight small anti-friction rollers 
fixed to tlie cast-iron frame of the machine ; these 
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| to be compressed into pellets, whilst Nos. 1 and 3 

in turn take their places to be refilled ; the opera- 

| tion, therefore, of pressing and refilling are con- 

| tinuous, and the machine is capable of producing a 
large quantity of pebble powder per day, and with 
very little waste. 

(To be continued.) 








| THE PENNSYLVANIA RAILROAD. 
| No. LXII.—Tue DeLaware AnD Rarrran CANAL. 
| Tastes LXXXIV. to LXXXVIL give details of 
the working expenses of the Delaware and Raritan 
| Canal. In the year under consideration the canal 
| was open for traffic 241 working days, from the 15th 
| of March to the 27th of December; during this 
time there were transported on it 1,950,000 tons, 
of which 221,360 tons were carried by steamer, and 
the remainder by schooners and barges. ‘The 
number of vessels conveying this tonnage was 


18,385, divided as follows : 
Steamers ses is is — 
ee . 2 15,786 
Rafts ose ese ooo 131 
Total 18,385 


The actual cost of transporting freight on the 
canal was 50.67 per cent. of the total expenses. 
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THE PENNSYLVANIA RAILROAD. 


RENOVO HOTEL, PENNSYLVANIA AND ERIE DIVISION. 





TABLE No. LXXXIV.—Delaware and Raritan Canal. 


=< iy 


TaBLe No. LXXXVI.—Delaware and Raritan Canal. 


Wi ittdbdtdide heb blll 


Taste No. LXXXIX.—Passen 





er Mileage on the Penn- 


sylwania Railroad ond its Branches. 
















MAINTENANCE. 
£ 

1 Bests a flats, repairs of 986 
2 me si 2,926 
3 ped and banks 3,792 
4 Clarks 256 
5 ee 272 
6 236 
7 0 BE and dredge repair ee] 1,722 
8 | Fencing od eal eo! 654 
9 | Ferries, expenses of 38 
10 | Horses and fodder .. oad | 690 
11 | Houses and repair shops oe io «| 1,824 
12 | Incidentals ... we Sai on 36 
13 | Locks and lock engines ns «| 4,666 
14 | Office expenses, rents, furniture . ove esol. ae 
15 | Slope an vertical o ove «| 2,684 
16 | Stationery and printing -~ 98 
17 | Superintendence eco «| 908 
18 | Taxes on real estate 390 
19 | Telegraph, repairs of 114 
20 | Tools and too} repairs 758 
21 | Waste weirsand sluices ,,, on «| 968 
22 | Watchmen .... eee ed tap «| 1,014 
23 | Wharves ove os sé «| 1,680 
Total .,. “I 26,294 





Taste No. LXXXV.—Delaware and Raritan Canal. 





OPERATION. 

1 | Barg | 1 Se 

es ‘a - 
2 | Boats, Lehigh "198 
3 Bridge tenders ~ a 2,242 
4 | Collector and weigh masters... 1,934 
5 | Clerks... i ve 256 
6 | Ferries, labour at |. 326 
7 | Fuel and light 1,324 
: Incidentals ... 6 
Legal expenses me jane ian a 660 
10 | Lock keepers... de fos vcs «| 5,868 
11 | Office expenses one me os i 
12 | Schooners ... 878 
13 | Stationery and printing 138 
14 | Superintendence 1,370 
15 | Telegraph e ses... 226 
16 | Wrecking police 326 
Total... coe eno] 17,482 




















Towine. 
a endeg fi 75 
'ugs, co efor ... 

2 » Charter ‘ve 286 

8 », Gamage by .. 730 

4 “0 incidentals for 900 

5 »» fuel for saa on ..-| 18,122 

6 »» ‘manning of ... ie ne «| 18,046 

7 » 3S of 11,450 

8 >> Oil, waste, and tallow for .. 598 

9 os superintendence of ... ove 1,780 

10 wharfage of . ‘ eco 1,720 
ll Towing by contract 19,468 
12 | Repairs of Hoboken shop... 754 
Total ... ove ..-| 64,586 








TaBLE No. LXXXVII.—Delaware and Raritan Canal. 











RECAPITULATION. 
£& 
1 | Maintenance of cana]... as +»+| 26,294 
2 | Canaloperation ... ae poy e-| 17,482 
3 | Steam towing om iss oe aa” 64,586 
Total i 108,362 











Classes. 1875. 1874. Decrease. 

miles. miles, miles. 

First-class passengers .| 140,047,809 | 148,701,118 | 8,653,809 
Emigrant gs jim «| 10,075,686 | 15,747,108 | 5,671,422 
Commutation ,, ... 10,298,503 20,511,413 212,910 
Total «| 160,421,998 | 174,959,639 | 14,537,641 














Tables XC. to XCIII. contain similar information 
as to the United Railroads of New Jersey and 
the Belvidere Delaware Railroad and Flemington 


branch, 


TaBuzE No. XC.—Number of roan Conveyed on the 
‘ersey. 


United Railroads of New Je 



























PASSENGER TRAFFIC. 

We now arrive at the consideration of the pas- 
senger and freight business, conducted during the 
year, and for which the expenditure already noted 
was incurred. For the sake of comparison we add 
also the results obtained during the year 1874. 
Table LXXXVIII. gives the number of passen- 
gers carried on the Pennsylvania Railroad proper 
and its branches : 


Taste No. LXXXVIII.—Number of Passengers carried 
on the Pennsylvania Railroad and its Branches. 














Classes. | 1875. | 1874. Decrease. 
First-class passengers ..| 4,307,635 | 4,671,464 | 363,829 
Emigrant pe ad 80,187 46,416 | 16,229 
Commutation _,, ..| 1,271,965 | 1,370,223.) 98,258 

Total ... suf 5,609,787 | 6,088,103 | 478,316 





The commutation passengers are those travelling 
by season tickets or their equivalents. 






























Per- 
centage of 
Class. 1875. 1874. Inc, Dec. | Increase 
or 
Decrease. 
—- pas- 
Emigrant ove «+-| 5,875,213 5,535,060 oe 159,847 | Dec, 2.82 
pas- 
45,687} 61,071) _ 15,384 | ,, 8,82 
Commutation pas- 
sengers .,, re witconso psn | 184,153 ave Inc. 8.22 
Total .. +++] 7,846,239 7,837,817] 184,153 | 175,281 | Inc. 0,11 
Net increase .. asi | on 8,922 ose eos 











TasLE No. XCI.—Passenger Mileage on the United Rail- 


roads of New Jersey. 























7 Per- 
: centage of 
Class, 1875. 1874, Inc. Dec. | Increase 
or 
Decrease. 
First-class pas- 
sengers 124,078,785) 127,474,989; 3,396,204) Dec, 2.67 
Emigrant pas- 
sengers ...| 3,932,082) 5,416,71 ico 1,484 628) ,, 27.41 
Commutation 
passengers...) 34,214,878} 32,595,198 1,619,680 io Inc, 4.97 
Total __...|162,225,745|165,486,897 1,619,680 4,880,832 
Net decrease ime 261,152) Dec. 1.97 




















These Tables show an increase in the number of 
passengers carrried, and a decrease in the mileage. 
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This especially applies to the emigrant class, the| CLYDE SHIPBUILDERS AND THE BUARD | of pumping closets, lans should be specially submitted 
falling off in which as compared with 1874, was 8.82 OF. TRADE. for approval.’”’ Would it not, the author asked, be worth 


per cent., while the mileage of this class was reduced 


27.41 per cent, 


TaBLe No. XCII.—Number of Passengers carried on the 























Belvidere Delaware Railroad. 
Per- , 
centage o! 
Class. 1875, 1874. Inc.| Dec. | Increase 
or 
| Decrease. 
First-class passengers | 354,602| 376,251| ... | 21,649 |Deo, 4.75 
Emigrant © 28 19; 9 eee inc. 47.37 
Commutation ,, 33,806) 38,210; ... | 4,404 Dec. 11.53 
Total ... .| 888,436 | 414,480; 9 | 26,053 | 
Net decrease ao we | ove | 26,044 |Dec. 6.28 





TaBLe No. XCIII.—Passenger Milea 


geon the Belvidere 

















Delaware Railroad 
} 
| Per- 
| centage of 
Class, 1875. 1874. (Inc.| Dee. Increase 
or 
. Decrease. 
miles. miles. | | 
First-class passengers (6,105,155 6,522,885 ... | 417;730|Dec. 6.40 
Emigrant Fy oo 1,778 1.136) 6427 J Inc. 56.51 
Commutation ,, 362,390 413,429) ... | 51,039 | Deo. 12.34 
Total .., ° .. 6,469,323 6,937,400! 642) 468,769 
Net decrease a eee p --» | 468,127/Dec. 6.76 





The nature of traffic on this little line appears to 
be not mruth subject’ to change, the decrease in 


number of 


made being about the same. 


The 


passengers carried and that of the mileage 
passenger traflic on the Philadelphia and Erie 


Railroad is shown in Tables XCIV. and XCV. 


Taste No. XCIV.—Number of P. 
Philadelphia and Erie Railroad. 





s carried on the 














! } | 
| Per- 
lcentage of 
Class. 1875, 1874. Inc. | Deo, | Increase 
| or 
| Decrease. 
First-class pas- = 
sengers «| 588,562 657,580 69,018 Dec. 10,50 
Emigrant p.s- | 
gengers cee 778 | 943 165 Dec. 17.50 
Commutation | 
passengers 23,062 21,640 1422 Inc. 6.52 
Total ... 612,402 | 680,163 1422 | 69,183 
Net decrease ch ve we | 67,761 Deo. 9.96 
| 





TaBLeE No. XCV.—Passenger Mileage on the Philadelphia 
and Erie Railroad. 























Per- 
centage of 
Class. 1875. 1874. Inc. Dec. | Increase 
or 
Decrease, 
First-class pas-| 
rengers ++| 14,650,001 | 16,715,273 2,065,272 Deo, 12.24 
Emigrant pas- | 
seugers ‘ 92,321 121,553 29,232 Dec. 24.05 
Commutat’on | 
passengers 375,488 | 311,504 /63,984 jIne. 20.54 
Total ... ..} 15,117,810 |17,148,330 |63,984 2,094,504! 
Net decrease * eee jon 2,080,520 Dec. 11.84 











In ‘Table XCV1. is summarised the average dis- 
tance travelled by each class of passenger, with 
its equivalent through distance for the different 
sections of the system. The mean distances are, as 
might be expected, very high. 


Tanie No. 


XCVI.—Average Distance Travelled per 


Passenger, and Equivalent Number of Through Pas- 
sehgers on the Pennsylvania, United Railroads of New 
Jersey, and Philadelphia and Erie Railroad. 


















































Pennsylvania |United Refroeds| — 
Railroad. of New Jersey. allroad. 
3s is 3 is leg 
33 + i ae F 
owe [By |" [ta] ES | ay [54 
3 ize |§3/ "6 |B 6 
me \eb,|78| #8, | a8 |8E. 
j z P se8 | ee |$aé 
| 3 é : | e3 > & 
53 |Bug lea] 8 ¢ | Sc a8 
<7 < ae \ <4 a= 
First-class passen Ly . | 
gere sas 32.51 | 396,063 | 23,08; 1,394,144, 24.89 |50,938 
Emigrant passen } 
goers eco .. 1883.71} 28,494) 86.06 44,180) 118.66 $21 
Commautativa pas 
senger: . | 8.08) 90,125) 1410 384,437) 16.28) 1,306 
Total and average: 28.89 453,682 | 20.66 1,822,761) 24.68 | 52,565 





As briefly mentioned lately in ENGINEERING, a paper 
by Mr. William Denny, shipbuilder, Dumbarton, en- 
titled ‘‘On the late Action of the Board of Trade witb 
regard to Storm Valves,’’ was read at a m2eting of the In- 
stitution of Engineers and Shipbuilders in Scotland on the 
evening of Tuesday, the 19th ult. Considering that the 
subject treated of in it is of the most vital interest both to 
the oe pee and shipowners of the United Kingdom, 
red ink it well to bring the paper under the notice of our 
ers 


Mr. Denny said he ventured to bring the subject before 
the Institution, and to ask a careful consideration for it, 
because he believed that the late action of the Board o' 
Trade with regard to storm valves marked the commence- 
ment of such an active course of interference with the 
is mes ag ab a i ype steamers as was ote a 
siderably in marine engi ing. i t 
interference and the rules produced by it, the engineers of 
the Clyde district had strongly unhesitatingly pro- 
tested, and it might be worth the while of mercantile ship- 
builders to consider whether they should not follow the 
example of the engineers and do their utmost to restrain 
the system of — Government now being originated 
in London for all who were engaged in the construction and 
equipment of ships. In making such a protest, the author 
said he was very certain that no one could wish to reflect 
individually either on the local staff of the Board of Trade 
under the administration of Captain Pryce or upon Mr. 
Thomas Gray or Mr. Farrer. So far as the trade of the 
Clyde district was concerned, it was not too much to say 
that it had invariably been treated with every courtesy 
by those gentlemen, and that.Mr. Gray and Mr. Farrer 
had ever shown themselves easy of approach and willing, 
in as far as their official position admitted, to remedy the 
irritation caused by the i joard. 
OF the local staff ly referred to, Clyde shipbuilders 
could speak highly, and they could wonder that gentle- 
men so much and apprecia’ t those with 
whom they had locally to do should be thought of so little 
value by the central board as to require the kind and con- 
— en veg eeiokin® fon tho et p+ 
people in e of ac or or themselves. 
the head of the local statf Captain Pryce, it would be diffi- 
cult to speak too highly; and, indeed, if courtesy and 
forbearance could e the meddling of the central de- 
partment tolerable, he might achieve the feat. 

On the 15th of January the author's firm received the 
following letter from the Board of Trade Surveyors’ Office 
i w, and similar letters were, he believed, sent to 


in 
the other shipbuilding firms on the Clyde : 
(Copy.-) ** Board of Trade Surveyors’ Office, 
Glasgow, Jan 14, 1878. 


‘* GENTLEMEN,— I beg to inform you that when outlets 
from water-closets, soil, scupper, la’ , and urinal pipes 
are below the weather deck, there should be an elbow of 
good substantial metal, other than cast iron or lead, ex- 
tending above the load-water line, and the pipes connecting 
with the metal elbow should, if of lead, have a sufficient bend 
to provide for expansion in the pipe, or any movement from 
the working of the ship. Pipes, no matter of what material 
they may be constructed, are never to be fitted in a direct 
line between the aperture in the ship’s side and its con- 
nexion with the deck, or closet, or other fittings. Where 
water-closets are fitted below the water-line, as in the case 
of pumping closets, plans should be specially submitted for 
approval. For closets with their outlets above the weather 
deck, no special regulations are necessary. The pipes and 
valves must be protected from the cargo by a substantial 
casing of wood or iron, which need not be water-tight. 

** This applies only to pipes of water-closet, soil, scupper, 
lavatory, and meron and does not affect Paragraph 114 
as regards other pipes. 

* Yours truly, 
(Signed) “Wm. HANNAH. 
** Messrs. Wm. Denny Brothers, 
Shipbuilders, &:., Dumbarton.”’ 

The firm declined to carry out those instructions, as did 
also several other builders, and on the 29th of January 
they received the following letter from the same office : 

(Gopy,) ** Board of Trade Office, 7, York-street, 

ae ps January 28, 1878. 

‘* GENTLEMEN,—I am desired by the Board of Trade to 
inform you, with reference to their instructions to surveyors 
respecting the fitting of attachment to the ship side, as 
outlet below the weather deck, for the water-closet, soil, 
seupper, lavatory, and urinal pipes, that ih future no 
declaration for twelve months will be granted for any 
vessel that may be commenced building after this date, 
unless the elbow, or seating, is composed of some good 
substantial metal, other than cast iron or lead, and also 
that the pipe from the elbow or seating to the closet, &c., 
whether of lead or any other suitable metal, must have a 
sufficient bend to allow of expansion, &c. 

“Tam, mmr our obedient servant, 


(Signed) “ Wa. BroueHTon Pryce. 
** Messrs. Denny ——~ Leven Building 
, Dam n.”” 


Y 

The author said the members would notice that in the 
second letter it was clearly acknowledged that the instruc- 
tions contained in the first, as well as the eS Te 
oe —_ in the second, were the work of the in 

on. 

Before taking up the question of the metal to be used 
in the bends of the pipes connected with scuppers, lavatories, 
urinals, or water-closets, he wished to wed to draw 
attention to one paragraph in Mr. Hannah’s letter, which 
was worthy of some attention, as being the first written 
request to submit plans of any part of a vessel which had 
come within hi Ww . It was the following : ‘‘ Where 











water-closets are fitted ow water-line, as in the case 














the while of the Board’of Trade to produce some authority 
for such a request? As generally understood, the business 
of that department was to survey finished ships and not to 
design them, or any of them. It seemed, however, as 
if the first steps in the direction of design were now being 
taken by initiating a control of design, and that they might 
expect in course of time to see a marine constructive 
Lcpochaiie ponspast the posnunlsalagbe chissmmpentong ths 
impro present minu ing the 
construction of marine boilers very clear! indicated. What 
the effect of such rules was o_—— the history up 
to date of — introduction steel for marine 
show. 


urposes While for stati and locomotive 
f boilers steel was now largely por a ome Br used, it was 


as yet hardly introduced into marine work, and years might 
elapse before anything like a large use of that material 
came about. 
ing the metal to be used in the bends of pipes, the 
first letter informed them ‘‘ that when outlets from water- 
closet, soil, seupper, lavatory, and urinal pipes are below 
the weather deck, there should be an elbow of good sub- 
stantial metal, other than cast iron or lead, extending 
above the load-water line.’”’ Thus they hada condemnation 
of cast iron for the purposes specified, a condemnation for 
which they were given no grounds and no proof, but simply 
a n.. They were not even told the author of the con- 
ition; 'so that they might be able to arrive at some 
conclusion as to his fitness to pronounce such judgment. 
They were simply informed that such an opinion had been 
arrived at by some unknown person, that it was to have the 
force of law, and that their business was to obey. Did the 
members of the Institution think that a fitting method of 
address from a Government rtment tothe shipbuilders 
of the Clyde district, men who, to a large extent, originated 
and formed iron ship construction and advan it to 
prosperity before the centralisation now going on in London 
was ever dreamt of? He was very sure they would not 
think it a fitting method of address. Besides, were not the 
poy and practice of the district quite at variance with 
the opinion and rule now attempted to be forced on them ? 
Speaking for his own firm, he might say that their ex- 
perience afforded them no ground for considering cast iron 
an unsuitable material for the p es named. \ It afforded 
them, however, very secure ground for the opinion that the 
design and construction of those valves and bends were of 
far g one ge pe than the question of whether. they 
were to be e of cast iron or some metal of the nature of 
brass. The members would note that the Board held the 
very reverse opinion, for while they considered their local 
surveyors incapable of forming a sound and independent 
opinion upon the kind of metal to be used, they were con- 
tent to leave them to their own discretion as to the design and 
constraction of the bends and valves. He thought that 
balding Sy guikacing frum the datrict the general opsaiza 
ildi i e district the gen opinion 
as to that condemnation of cast iron. hile, however, 
such an action would be of great advantage and utility, 
there was a broader question requiring discussion than any 
technical detail, and that question was, By what authority 
were those regulations issued, and further, were they 
within the scope of the Acts constituting the Board of 
Trade in its present form? He believed that those regula- 
tions rested on no sufficient authority, and that belief was 
shared in by many who had taken every care and trouble to 
understand: the question. The belief was widely held, 
and with very good ground, that the terms of the Merchant 
Shipping Act of 1854 were strained beyond all fair inter- 
pretation to cover the arbitrary regulations now issued to 
that and other districts. It was not to be denied that the 
Act of 1854 granted to the Board the power of making 
regulations for the surveyors, but it was worthy of note 
that those regulations were to be as to the manner in which 
the surveys should be made. How far they had advanced 
beyond the manner, and how deeply and unsatisfactorily 
they had entered into the matter of the surveys, their 
enginering friends had already shown. A fair reading of 
the Act of 1854 would lead one to believe that the intention 
of Parliament was to leave the surveys of vessels very much 
to the technical skill and common sense of the local surveyor 
subject to a general control as to his method of procedure. 
Such an arrangement would be consistent with progress 
and improvement, use & surveyor could 
apply to a district the best opinion and = prevailing 
in it, modifying his requirements as the A pure of the 
locality progressed. Under one excuse and another, how- 
ever, a very different system had arisen, and they now had 
a centralised authority in London exercising, t ugh the 
local surveyors, powers which could only be modified by 
special local efforts, and which were not subject to the 
gradual modifications possible when the authority was 
present continually in its sphere of action. The author did 
not believe that such a change was ever contemplated by 
those who formed the Act under which it had come about. 
Parliament, as a rule, was slow, _ wisely ry to — 
upon any department an uncontro power of legislation 
for any section of the body of the people, and it had ever 
been peculiarly slow to sanction such a course with 
to any of our great industries. Yet, in spite of that, they 
had a great regulation-making body rapidly growing up 1 
their midst, day by day, with that fatal instinct of corporate 
officialism, striving more and more to crush out private 
action and replace it by codified practice. _ _ No 
In the face of such changes, and the quiet with which 
they were far too frequently received, one was tempted to 
ask if the people of this country had utterly forgotten the 
ways in which they came to their oe height of manu- 
facturing supremacy. He (Mr. y) could trace the 
figure of no official in the process, and it was even sug 
in a late ing of the Institution of Civil rs, 
where Mr. Holt very forcibly discussed the Board of Trade, 
that officialism as at present acting would very likely have 
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achieved the distinguished success of retarding, if not 
altogether preventing the introduction of the compound 
engine for marine purposes. The statement that there was 
a fatal instinct in corporate officialism was not too strong. 
Mr. Thomas Gray’s evidence before the Royal Commission 
on “ Unseaworthy Ships’ had one drift, and that was 
against meddling with and legislating for the trades of 
shipbuilding and engineering. That gentleman was for 
anishing those who were at fault, but he was against 
rassing builders, engineers, and owners. Yet, in spite 
of those opinions, the regulations of which they had such 
good reason to complain, were issued under his authority. 
Was it not, therefore, a fatal instinct which could so 
divorce official action from individual and private opinion P 
The members would find no better support for the plea 
which the author had in hand than Mr. Gray’s evidence. 
It left no doubt upon the mind that he condemned the 
course which they‘condemned. To all those arguments reply 
must be made that it was necessary for uniformity of 
practice and for the control of unscrupulous builders and 
engineers that instructions should be issued from a central 
authority. For uniformity of practice there might be some 
call for a central authority, for the control of the un- 
scrupulous there was none. Mr. Gray’s evidence, already 
referred to, conveyed the opinion that the true method of 
dealing with such cases was judicially and by punishment, 
‘not by harassing a whole trade to watch half a dozen 
rogues. In any case, the rogues might very well be kept 
straight, and the inefficient improved by the local sur- 
veyors. There now remained ~~ of uniformity of 
practice, which was much exaggerated. Want of uniformity 
of practice was perhaps one of the most characteristic 
features of progress, and showed how radically corporate 
officialism was opposed to progress when it set up as an 
idol the feature characteristic of a stationary condition. 
The official reply to that was that one surveyor might and 
would condemn another surveyor’s work. There was, 
however, little call for such a performance if the surveyors 
were well-trained men possessed of some little common 
sense, and if the manner of the surveys were so re 
that the surveyors were instructed to homologate the 
action of each other in ships already passed, and simply 
under those circumstances, and where no changes had been 
made, to confine their attention to wear and tear. If, 
however, in spite'of any arguments that might be advanced, 
Parliament should decide, which the author held it had not 
as yet done, that a central control should be established, 
then they had the question before them, How that control 
should be made, at one and the same time of a character 
to command respect, and of a nature akin to progfess and 
divorced from the fatal instincts of officialism ? The remedy 
in such a case would seem to lie in the formation of a 
board of control over and{above the surveyors, composed of 
equal proportions of shipowners, shipbuilders, and en- 
eers. The Government could select from the different 
istricts a few men of leading character and ability, and 
might very safely entrust to them the'revision and sanctioning 
of all proposals from the surveyors ; and they might be per- 
fectly certain that the authority of so influential a body, 
and of men so conversant with the matter involved and 
sympathetic with progress, would meet with a very different 
reception from that accorded to the unknown author or 
authors of such regulations as he had brought before the 
Institution. 

He was well aware that such a proposition was not an 
original one, and the practice of it would not be foreign to 
the customs of the Government. Every Royal Commission 
was more or less a temporary example of it. Indeed, the 
appointments to such a board need not be permanent ; they 
might be merely for periods of time. Any way, whatever 
result might be arrived at, they might rest assured that if 
control over « trade was to be exercised with due regard to 
its progress, that control should be drawn from the trade 
itself, just as surely as-an imperial government must be 
drawn from its subjects if it was to rule and progress at 
thesame'time. That could not be disputed unless it was 
assumed that the trade was one of evil influence in its 
nature, or so full of unscrupulous men that no righteous 
voice could be drawn from it. Hé was very certain that 
neither shipbuilding nor engineering could so classed, 
and therefore he thought they had the best grounds for 
claiming that if they were to be controlled and meddled 
with—which Mr. Gray, they would remember, did not 
favour—the control should be drawn from themselves. He 
was also certain that such views were far more in harmon 
with the spirit of the Act of 1854, as they were also with 
the general tenour of the reports of the Unseaworthy Shi 
Commission, than the present action and policy of the 
Board of Trade. 

In!conclusion, he sincerely trusted that the Institution 
would take into its consideration the whole i of the 
very important and grave question involved in the subject 
then so imperfectly discussed. That question was bound 
up with the future of their trades, and, put plainly, it was 
this, Were they to progress in the past, or were they to be 
gradually mastered by a department devoted to obstruction 
and meddling, and the highest efforts of which, at the best, 
could only result in an elaborate and rigid codification. 

A discussion followed, in the course of which represen- 
tatives of some ‘of the leading shipbuilding firms on the 
Clyde expressed themselves in very decided terms regard- 
ing the subject treated of in Mr. Denny’s paper. It was 
peavey | resolved to hold a special meeting of the Institu- 
tion for the further discussion of the subject, and to invite 
most of the leading shipowners on the Clyde to attend and 
take part in the proceedings. 


The special meeting of the Institution was held on Tues- 
day evening last, when the discussion was resumed and main- 
tained with considerable animation, the speakers being a 
i ship- 
sed ¥ Denny 
expressed in his paper. It was 


number of well-known shipbuilders, and 
owners, all of whom heart comedies nak. Mr. 


in the opinions which he 


unanimously felt that some action should be taken in order 
to prevent the Rr aaa: | interference of the Board of 
Trade in shipbuilding; and on the motion of Mr. John 
Inglis, Jun., seconded by Mr. H. R. Robson, it was even- 
tually resolved to appoint. a committee of influential 
members of the Institution, chiefly shipbuilders, to consider 
what measures should be adopted, and to endeavour to 
enlist the active sympathy and co-operation of shipbuilders 
and shipowners in other great ports throughout the king- 
dom. Much interest was excited by the remarks of an 
eminent Liverpool shipowner who was present and heartily 
condemned the interference complained of. 








THE HOOGHLY FLOATING BRIDGE. 

At the meeting of the Institution of Civil Engineers on 
Tuesday, the 5th inst., Mr. Bateman, President, in the 
chair, a paper on “‘The H a keg Bridge” was 
read by Mr. Bradford Leslie, M. Inst. C.E. 

This bridge connected Calcutta on the left with Howrah 
on the 2 bank of the Hooghly, at a short distance 
north of the East Indian Railway terminus. Various pro- 
jects had been from time to time proposed; but ultimatel 
the preference was given toa floating bridge, as it coul 
be more cheaply and expeditiously constructed than a fixed 
bridge. The design was prepared in 1868, when it was 
intended to be carried out by a joint stock company; but 
after much delay, in 1872 it was undertaken through the 
agency of the Local Government of Bengal. The work was 
commenced in January, 1873, and the bridge was open for 
traffic in October, 1874. 

The present structure was the first, and, up to this date, 
the only one of its kind affording headway for river navi- 
gation. It divided the port into two sections. The lower 
part was occupied b songeing ships and steamers, and the 
upper part by inland craft a few coasting vessels. As, 
however, the graving docks were above bridge, it was 
necessary that an opening should be provided for the 
passage of shipping. The extreme rise and fall of the tide 
during floods was 20ft., and at certain seasons there was 
a tidal wave 6ft. in height. The maximum velocity of the 
stream was 6 miles an hour. The depth of the river at the 
site of the bridge was variable, the greatest depth at low 
water being 6 fathoms. 

The bridge was 1530 ft. long between the abutments, and 
the roadway was 48 ft. wide, with footpaths each 7 ft. in 
width on both sides, so that the total width of the platform 
was 62ft. There were four main longitudinal wrought 
iron girders, at intervals of 16 ft. in the width of the road- 
way, raised by timber trusses, resting upon pontoons, to a 
convenient height above the water for accommodating the 
boat navigation. The platform of the bridge was level for 
a distance of 384ft. on each side of the centre, at a height 
of 27ft. above the water. Thence it fell by inclines of 1 
in 40 to a distance of 584 ft. on each side of the centre line, 
where there was a length of 20ft. of level platform 22 ft. 
above the water. Between these points and the abutments 
were the adjusting ways, the shore ends of which were 
82 ft. above low water. The approach on the adjusting 
ways was bya descent of 1 in 16 at extreme low water, 
pn by a corresponding ascent at extreme high water; but 
at ordinary times it was either level, or only slightly in- 
clined. e platforms of the adjusting ways were sup- 
ported on the lower flan of three bow-string girders, 
the roadway being divi into two by the centre girder. 
The footpaths were carried on cantilevers rivetted to the 
outer girders. The bow-string girders weighed 66 tons 
each. They were 160ft. long between the end pins on 
which they were hinged, and had the usual trough-shaped 
upper and lower members. The shore ends of the bow- 
string girders were suspended on links, which was preferable 
to oming, Rem on rollers, even for fixed bridges, as 
being less liable to get out of adjustment, and tending 
always to restore the girder to its normal position at its 
mean temperature. The outer floating ends were hinged to 
pivot bearings, in order to admit of a slight drift up and 
down stream. 

The floating portion of the bridge was carried on twenty- 
= pontoons, coupled together in pairs to’secure stability. 

ith the exception of the two pairs in the centre, which 
supported the movable sections of the bridge, each pair 
carried 100ft. in length of the platform. Wach pair was 
coupled together, at a maximum distance of 48 ft. from 
centre to centre, by four timber sills, bolted to the decks 
of the pontoons at intervals of 16 ft. These sills constituted 
oe bottom oon c= four pole ene trusses, 
the top mem ing the wrought-iron girders carrying the 
roadway. With the exception of the upper girders, the 
whole of these trusses were of teak. The coupled pontoons 
were further connected by strong horizontal di 
bracing of bar iron. The timber sills and the bracing bei 
only 4ft. above the water, the space between the coupl 
pontoons was not available for navigation, and floating 
fenders or booms were provided to divert boats from these 
openings. Ordinarily the main girders overhung the 
pontoons 21 ft., their ends being sup; by the inclined 
struts of the trusses, leaving a width for navigation of 
42 ft., pomeey obstructed by the raking struts. For the 
convenience of the country craft, there were two rect- 
angular openings of 60 ft. clear span between the fourth and 
the ged a of pontoons, reckoning from each abutment. 
The roadway over these operings was carried: on eight 
ee oe 22 ft. deep, and weighing 8 tons. They Ph 
on es i 
which were suspended to the ends of the ordinary main 
truss girders. All the pontoons were 160 ft. long, by 10 ft. 
bear, with holds varying from 8ft. to 11ft. in depth, 
according to the dead weight to be carried. Each pontoon, 
—— of Pe movable pepe + one es 
anc y permanent m » laid exactly in line wit 

the distance 





the centre of the pontoon, between the up and 
the down stream anchors yg | 900ft. The strain on the. 
chain cables varied from 5 to 25 tons; their great length 





to the top of the cross-bearing girders, | John Charles 


afforded the necessary “spring,” to allow for the rise and 
fall of the tide, Sn few fake were taben in ay me 
during the fi 


the dry season, and slacked out again 
season. 

The 200 ft. opening for the of sbips, was one of 
the most difficult pro in designing the bridge. Owing 
to the strength and i set of the stream and eddies, 
ships could only be moved at or near slack tide ; and it was 
a rule that all vessels of more than 200 tons must be moved 
by steam against the tide. The bridge was generally 
opened twice a week at high water, but occasio at low 
water. The opens was effected by — two 
centre sections of the bridge bodily. These sections were 
connected with the fixed portions of the bridge by draw- 
bridges, which on being run back left a clearance of 20 ft. 
on each side of the platform of the movable sections. By 
means of steel warps, laid to buoys moored for the purpose, 
these sections were up stream far enough to clear 
the rest of the bridge. They were then disconnected and 
sheared over, one on each side, leaving a fair way clear of 
all obstructions. The bridge was cl by reversing these 

c ings. The ordinary time taken in opening the 

ae was fifteen minutes, and in closing it twenty~ 
minutes. 

There was a daily traffic of about 6000 tons of heavy 
goods, which were conveyed in bullock carts, besides foot 
and i passengers. The ironwork of the pontoons 
weighed 1 tons, that of the girders 875 tons. The 
whole of this, as well as the mooring chains, was sent from 
England, and was erected and rivetted up in Calcutta. The 
teak timber, which weighed 1500 tons, was p’ from 


Burmah. 

The different parts of the structure were minutely 
described. An account was also given of the operations 
connected with the laying of the forty-eight permanent 
moorings, with the fitting of the truss work, with the 
hoisting into position of the sixteen 60 ft. girders, and with 
the erection and launching of the 160 ft. bowstring girders. 
The particulars were likewise recorded of an ent that 
delayed the completion of the work about three months. 
This arose from a deeply-laden ship fouling two vessels, 
which parted from their moorings, and both were sent up 
stream on the top of the “‘ bore’’ at the rate of five knots 
an hour. One vessel went through the centre opening, 
but the other struck the bridge, causing tiete peninnee 
be sunk, and the superstructnre to be completely wrecked. 





WestTren AvusTRALIAN RatLwars.—Four new lines 
have been surveyed in Western Australia by Mr. Browne, 
C.E., of Perth, the capital of the 4 It is proposed that 
these wie Ay ade fy A. 1 ep of 3 ft. 6 a 
gauge, wil . rails of the Vignoles type, on spli' 
slab jarrah sleepers, the rails fished at the joints, and 
secured by dog spikes to the sleepers in the usual way. In 
no part of Australia can railw: be made more cheaply 
than in Western Australia ; and the four lines can not only 
be — cheaply but quickly, owing to very favourable local 
conditions. 





Tue InsTITUTION oF CrviL ENainepRs.—At the 
meeting of this society on Tuesday, the 5th of March, Mr. 
J. F. Bateman, F.R.S., President, in the chair, it was an- 
nounced that the Council had recently transferred Messrs. 
Frederick Cad Barron, Alf Edward Garwood, 
Thomas Ric Guppy, Edward John Jones, Alexander 
Ca ic Kirk, James Livesey, James Chatburn Madeley, 
Robert Augustus Oldham, an Wilson Weatherley Phipson 
from the class of associates to that of members; and had 
admitted Messrs. Pennell Ivon Argyle, James Atkinson, 
Frank Brewer, Charles Friend Cooper, Henry Francis 
Dovey, Arthur Percy Guinness, Henry Nicholas Harvey 


Herbert Henderson, Mon e Towns 

Lange, Charles Lee, Francis William , James 
Milne MeNicoll, Charles Ramsden May, John North, 
William Purcell O'Neill, Alexander Renton, Fre- 
derick Stuart Richardson, Henry William ord, Edward 


Robert Saunders —_ Hamilton Scott, H Selby 
Hele Shaw, John Hodgson Suart, Stephen 

Terry, Stephen Frank Townsend, and Frederick Adlard 
Wright, as students. The mon ballot resulted in the 
election of Messrs. Bartholomew Parker Bidder, Neath ; 
Bagot William Blood, Ex. Eng., P.W.D., India; Davi 
Greig, Steam Plough Works, Leeds ; Harry Corb 
Levinge, B.A., Supg., Eng. P-W-D., Indis; Jobn Alien 


McDonald ilway; Richard Henry Llewellin 


Roberts, Exmouth ; Henry Francis Storey, Ex. — 
P.W.D., India ; Hubert Thomas, Resident Engineer 
Thompeon, Ex. Eng. F-W.D, Boubey ; Hensy Wale- 
ompson, Ex. » P.W.D., ; e- 
nal | field, Adam-street; and John Wilson, Dean’s-yard, as 
members; and of Lieut. John Cop Addison ; 
P.W.D.. India; Lieut. George Montalt 


’ ny 

Bellasis, B.8.C., 

Ex. Eng. P.W.D., India ; Messrs. George , 
Kin; gston, comeing | festeh Somber ogy vam Meige 4 3 

; Richard Swarbrick Dugdale, Depu ro 

Engineer of Salford ; Major Edward Smith Gordon, RA, 
Assistant Superintendent, Rooal Carri Factory Wool- 
wich ; Lieut. George Crispin Hammond, R.N., "Saltash ; 
Mesers. Joseph Ha: » Stud. Inst. O.E., Trowbridge ; 
Edward Arthur bert Innes, Stud: Inst. C.E., Port 
Elizabeth Harbour Works, C.G.H.; William Kilvington, 
Sunderland Engine Works; Charles Cornwallis Burton 
Knapp, Stud. Inst. C.E., Assist, ., P.W.D., Burmah ; 
° Larminie .P.W.D., Madras ; Robert 
Lathbury, Stud. Inst. C.E., Scarborough ; George Bolland 
Newton, Manager of the North London Railway ; 
Urbano José \de la Pena, Student. Inst. C.E., Madrid 3 
Robert William Perks, Leadenhall-street ; Geor 4 
ears Lieut-Col. Peter Henry Sera , BEB., 
Woolwich ; Messrs. Samuel Spencer, 





ool: estminster ; James 
Stuart Swallow, District Government Rail- 
ways; and Hugh Henry Swan, Goods Supt., G.1.P. Rail 
way, bay, as associates, ; : 
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COMPOUNDING A HORIZONTAL ENGINE. 


Fig. 7, § 











Tue annexed illustrations show a mode of compound- 
ing an existing horizontal non-condensing engine as 
carried out by Mr. Thomas Urquhart, the locomotive 
superintendent of the Graizi Tzaritzin Railway, Russia, 
in the case of an engine at the works of that railway 
pm rc | at Borisoglebok. The engine in question had 
originally a cylinder 15 in. in diameter with 30 in. stroke, 
and it was supplied with steam from a Cornish boiler 20 ft. 
long and 6 ft. 6 in. in diameter, the boiler also furnishing 
steam to a 10 cwt. steam hammer. The demands upon 
the engine increasing as additional machinery was put 
to work, the steam supply ultimately became insufficient, 
and it was to meet this state of affairs and to avoid the 
cost of putting down additional boiler power that Mr. 
Urquhart determined to compound the engine, and to 

eit condensing. 

The engine, we should state, is situated under a large 
water tank 30 ft. by 12 ft. by 10 ft., which supplies the 
locomotive dep6t and station generally, the water being 
pumped into this tank from the river by a separate 
engine. When the engine we illustrate was compounded 
the water in this tank was utilised for condensing water, 
and the air pump was made to discharge its water into a 
second elevated tank from which a supply of warm 
water is drawn for the use of the locomotive depdt, &c. 

The manner in which the compounding of the engine 
was effected will be readily understood from our engrav- 
ings, a second cylinder 10 in. in diamieter being fixed in 
the rear of the existing one on an extension of the bed- 
plate, and an air-pump and condenser being added as 
shown. The mode of working the air-pump is peculiar, 
but suite this particular case well. steam and ex- 
—— are arranged so that the engine can be worked 
non-condensing when required. 


Mr. Urquhart informs us that the result of the altera- 























tion, which was made in 1873, has given very satisfactory 
results, the boiler now giving an ample“supply of steam, 
and there being a reduction of 25 per cent. in the fuel 
consumption. A vacuum of 10 Ib. is obtained in the low- 
pressure cylinder, this vacuum increasing to 13 lb. when 
the engine is working with a light load only. 


SHIP VENTILATION. 

Amone the improvements that are possible in ocean- 
going steamers none are more desirable than the adop- 
tion of some better means of ventilation than now exists 
for the cabins, crew spaces, lower decks, &c. This is 
often necessary not only for the comfort but for the 
health of the passengers and crew. In some ships the 
ventilation is never satisfactory, and in most it is very 
imperfect when the state of the weather will not admit 
of the side lights being opened. Every year more 
attention is being given to this very important point, 
and the general ventilation of ships is being improved. 
It has been found very difficult, however, to insure the 
thorough ventilation of side cabins, when the side lights 
or have to be closed, and we are therefore pleased 
at having seen a re of an invention that has so far 
successfully accom ed this objec:. Mr. J. N. Shep- 
herd, late manager of Messrs. R. Napier and Son’s ship- 
building works at Glasgow, has invented a valve for 





admitting air through the outside of a ship into the 
cabins or any other internal spaces, which freely allows 
the passage of air, but closes immediately the water 
touches it, and effectually keeps water out. The valve 
is fastened to the ship’s side inside the plating in about 
aliné with the air scuttle. A pipe is carried from thence 
which is turned up between the frames and then turned 
down to pass through the inside lining. The opening 
through the inside lining is fitted with a screw cap. The 
quantity of air to be admitted can be regulated by draw- 
ing out or closing a slide which is fitted in the part of the 
valve box passing through the ship’s side; or it can be 
closed altogether on the inside by means of the screw 
cap referred to. DA 
The opening through the ship's side is about 2 in. in 
diameter. The valve is small and inexpensive, and is 
free from liability to get out of order on account of its 
simplicity. The valves have been tested as to their 
power of keeping water out by having a fire hose played 
on them, and no water has through. a 

These valves have been fitted to Messrs. Donald Currie 
and Co.'s mail steamer Dublin Castle, and are reported by 
the captain to answer perfectly for purposes of ventila- 
tion by admitting air at all times when open and not 
admitting water even in gales of wind which the ship has 
encountered. 
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being attached to the London, Brighton, and South Coast 
Railway stock, where the automatic brake is definitely 
baogtel We may add that, light as the rigging appears, 
Mr. Stroudley, after a careful and exhaustive series of 
trials, has greatly reduced the weight while maintaining 
the arrrangement. 





NOTES FROM THE pee eg 
OCwmpennar Collieries.—It is at Mountain 
Ash that a of the Upper Cwmpennar Colliery, which 
has been a pty Soak ‘Tmaner, will be o in the 
i of next week. D the past month, the lower 
pit has working regularly, and although the whole 
of the workings are not open, they are 


ly ex- 
tended. Owing to the t expense of working these 
collieries during the past fow years, it was intimated to the 
men on several occasions within that iod that they 
would be closed altogether. It is s » however, that 
since the lower pit has been under the management of Mr. 
Howard, it has been profitably worked ; hence the reason 
for reopening the upper pit. 

Ebbw Vale Steel, Iron, and Coal Company.— Mr. D. 
Evans, who has been technical manager to the above 
company for the last two years, is shortly to leave the 
= in order to succeed Mr. Laybourne as manager of 
the Rhymney Iron Works. Since Mr. Evans’s appointment 
he has the moving cause of restarting three out of the 
six blast furnaces at Abersycban hte which are pro- 


ducing capital spiegel, containing from 18 to 22 per cent. 
of ma ese. The Pontymoil Works, which were idle, 
are brought into active operation, and ace turning 


out first class merchant iron and coke bars. The Victoria 
Works are again started, and a new trade introduced, that 
of making tin iron. The Ebbw Vale Nos. 1 and 2 blast 
furnaces, which used to make from 250 to 300 tons weekly, 
now, ‘under Mr. Evans’s direction, turn out over 500 tons 
each weekly. 

Pembroke Dockyard.—The Pembroke Dockyard staff is 
to be increased by the appointment of a constructor at 4001. 
a year, to assist the chief constructor. The new officer 

be Mr. George Malpas, the senior foreman of the yard 
at Portsmouth, whose promotion is the first of the kind 
which has occurred for many years. 


Sewage at Swansea.—A local government board inquiry 
was at Swansea on Thursday, respecting the applica- 
tion to borrow 35,0001. for sewerage purposes, and to con- 
sider the Velindre Water Works. 

Cardiff Water Works.—An arrangement has been entered 
into between a deputation from the Cardiff Town Council 
and the directors of the Cardiff Water Works Company, 
that a clause shall be inserted in their Bill which is now 
before a Committee of the House of Commons giving the 
corporation power to purchase the works of the Water 
Works Company within twelve months for 300,0001. 


Severn Bridge Railway.—It is understood that the re- 


maining portion of the contract of Messrs. Vickers and 
Cook, whose ion of work on the Severn Bridge Railway 
lay between bridge and Lydney, will be carried out by 


an arrangement under the direction of the company. This 
arrangement does not apply to the bridge itself. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
: MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday the attendance 
on ‘Change at Middlesbrough was not so large as usual, 
but the amount of busi tr ted rather exceeded the 
average. Nominally the prices of pig iron were the same 
as last week, viz., 41s. per ton for No. 3, and other qualities 
at proportionate rates, but there is no Caste that 
See | alien to a — like 6d. per ton 

Ww » owing & repo ifference amongst 
the aan, Seaee Nee " to the —— — or have 
recently m with a view to regulate the sup: pig iron 
in order to maintain quotations. 

The Finished Iron Trade.—Except in the plate depart- 
ment there is still little doing in the finished iron trade. 
ing the past month nearly 6000 tons of railway 
and bridgework have been shipped in the Tees 
Searcely any iron rails are being made now in 
of England. 








accessories 
for India. 
the North 


The Iron Works 


Tron Works.—The Lackenb. 


Lackenby 
near Middlesbrough, have been bought by Messrs. Lloyd 
and Co., the owners of the Linthorpe Iron Works. 


Blast Furnacemen’s Wages.—The men employed at the 
blast furnaces in the North of England are now under 
notice of reduction in wages. It is proposed to ar: the 
wages On a scale. Some workmen will be reduced 
10 per cent.; and others 5 per cent. 

Wages in the Finished Trade.—On Monday the Stand- 

Committee of the Board of Arbi:ration held a meeting 
to-consider the wages question. It is proposed to reduce 
the * wages from 10 to 17 per cent. After dis- 
éeussing the matter it was resolved that it should be referred 
Gieiiibepdppsenintives ill exseriata ‘whsiner thenert. 

ve representatives ascer whether the work- 

men are to offer terms in the way of a com- 

. ° Failing this an trator will be appointed at 
ftext-meeting of the board. : 








Ngw Zeatanp Rartwars—The New Zealand Govern- 
ve resolved to adopt the inland line of the extension 

Rail from Auckland to Riverhead 
h a district far more thickly 


ment 
of the 








NOTES FROM THE NORTH. 
Giasaow, Wednesday. 
Glasgow Pig-Iron Market.— The warrant market 
opened weaker last Thursday, but improved to the highest 
uotation of the previous day, and closed 1d. per ton better. 
Desianes was done in the morning at 51s. 4$d. cash, 
5ls. 6d. ten days, and at 5ls. 6d. to 51s. 7d. one month, 
closing with sellers asking 51s. 6d. cash, and 51s. 8d. one 
month, and buyers 1d. er. In the afternoon 51s. 6d. 
to 51s. 7d. cash, and 51s. 7d. to 51s. 8d. one month were 
paid, and the market closed with sellers at 51s. 7d. cash, 
and 5is. 8d. one month, buyers 1d. ton less. 
was a quiet tone in the market on Friday, but sellers were 
retty firm, and only a small amount of business was done. 
The only transactions reported in the morning were done 
at 51s. 7}d. one month, the market hs | with sellers at 
that price and 51s. 6d. cash, and buyers 1d. less. i 
the afternoon 51s. 7d. one month was accepted and the 
market closed—sellers, 51s. 7}d. one month, and 5ls. 6d. 
cash, buyers very near. The advance over the week was 5d. 
ton as compared with the = paid on the previous 
Friday. Monday’s market was dull, and only a small busi- 
ness was done, and at a reduction of 1d. per ton. A transac- 
tion was reported during the forenoon at 51s. 5d. cash, and 
the market closed sellers holding at that price, and buyers 
offering 51s.4}d. The same price was also paid in the after- 
noon, and at the close buyers were offering that price, sellers 
near. Yesterday’s market was likewise dull, and the prices 
were affected by the lowness of the shipments for last week. 
Business was done in the morning at 51s. 5d. to 51s. 4d. 
cash, and 51s. 6d. one month, and the market closed with 
sellers asking 51s. 4d. cash, and 5ls. 6d. one month, and 
buyers offering 1d. per ton less. The only transaction 
reported in the afternoon was done at 51s. 4$d. cash, and 
the market closed, sellers at that figure, and 51s. 6d. one 
month, and buyers 4d. less. The market was steady this 
forenoon, when business was done in warrants at 51s. 4}d. 
cash, and 51s. 5d. fourteen days, closing with buyers at 
both poten, sellers asking 51s. 5d. prompt and 51s. 6d. one 
month. The afternoon market was quiet at the opening, 
and it was without change from the forenoon’s closing 
quotations. It cannot be said that there is any very 
marked improvement yet in the pig iron trade, although of 
late there has been more ae ordinary brands. 
There are indications, however, that in the event of the 
proposed Peace Congress arriving at a satisfactory settle- 
ment of the Eastern Question, the iron trade will uall 
improve. Special brands for shipment to the Continent 
are still slow of sale and in some cases quotations are rather 
easier. Last week’s shipments amounted to 6816 tons 
as against 8084 tons in the corresponding week of last year. 
It will thus be seen that they still compare unfavour- 
ably, nor is there any prospective improvement visible, 
and about this time of the year there usually are indi- 
cations of what spring trade may be expected. A small 
quantity jof iron having been ordered out of store, 
the total stock with Messrs. Connal and Co., up to last 
Friday night, was 170,277 tons, thus showing a decrease 
for the week amounting to 129 tons. Two additional 
blast furnaces were blown in last week at Govan Iron 
Works (Messrs. William Dixon and Co., Limited). They 
have been in process of reconstruction during the past 
, and are now working on the improved system adopted 
in the three neighbouring furnaces, the tops being closed 
in and the furnace gases taken off and utilised. With these 
two furnaces in operation there are now 87 in blast as com- 
pared with 119 at the same time last year. 


Glasgow Fairfield Association. —At the eighth ordinary 
meeting of this association on Friday evening, Mr. Cooke 
in the chair, a paper on ‘‘ Water Wheels’’ was read by 
Mr. J. G. Fairweather, C.E. After referring to the 
advan’ of or water as a motive power, he 
described the best form of weirs and channels, and explained 
the action of the water on the wheel floats ; he then entered 
into a description of the different kinds of undershot, over- 
shot, and breast wheels, pointed out the peculiarities of 
each, and their relative efficiency. He next alluded to the 
turbine, described the three different kinds, and pointed 
out their superiority over the ordinary wheel. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, W' y: 
pa Reduction of Miners’ Wages.—On Monday a 
meeting of the Associated Coalowners of South 


Torkshire and North Derbyshire was held at the offices | nal 


of the association, Sheffield, under the chairmanship of Mr. 
A. M. Chambers, of Thorncliffe, and resolved to issue 
notices at once for a general reduction of 24 per cent. in all 
miners’ wages. 
Water Su 


- I ly of Oxspring.—A public meeting of the 
inhabitants o 


this aan was held on Thursday evening 
last to consider a scheme put forward for supplying Ox- 
spring and Penistone with water, by Mr. Haynes. The 
meeting oe of the plans put before it and resolved 
to adopt t in case Penistone should also be supplied. 
The Gas Su ply of Ilkeston.—Last week a public inquiry 
was held by Mr. te one of the inspectors of the 
Government » Yelative to an application made 
by the Ilkeston Local Board for w 25,0001. 
for the purchase of the Ilkeston 
guste the disitich In the somes of the tenciny it wanton 
e . In the course of the iry it was shown 
that the scheme had the approval of the taken rs and 
that the company had —* sell their undertakings 
4 the amount named. was no opposition to 
scheme, 
Water Supply and Drainage of Morton.—Last week 
Mr. R. Morgan, on behalf of the Local Government = pe | 


held an inqui to the ter 
Morton, Shirlasd, Higham, and Stretion. Mr rith, 


wers to 


Works, as well as to é 





engineer to the local sanitary authority, explained 
the scheme, which was said to be a teak from the 

i , Tupton, and North Wingfield project, which has 
alr _— sanctioned, and several persons raised objec. 
tions thereto. The new drainage scheme for Morton was 
explained by Mr. Rollinson, surveyor to the authority, but 
in this case also thelandowners objected. There was no 
ame taken to the carrying out of a sewage scheme for 

veley. 


Cost of the C ltown Water Supply.—This undertak- 
ing will cost 47591., of which 39171. is the item for the 
quire SY yards of Yin. pipes, 2913 yards of S inv 453 
quire of 7in. pipes, of 5in., 
yards of 4in. and 2836 yards of 3in. The work will be 
carried out by Messrs. Newton, Chambers and Co., of 
Thorncliffe, and the water will be supplied from Sheffield. 





FOREIGN AND COLONIAL NOTES. 

Belgian Canals.~-A meeting of coalworkers connected 
with the three basins of the Hainaut has just been held at 
Brussels, the senators of; the arrondisements of Charleroi, 
Soignies, and Mons being invited to ‘‘ assist’? on the oc- 
casion. The questions discussed at the meeting were the 
enlargement of the canal from Charleroi to Brussels, and 
the construction of a canal from Mons to Charleroi 
passing vid the Centre district. 


Another Great American Bridge.—A company has been 
chartered under the laws of Pennsylvania for the construc- 
tion of a bridge across the Susquehanna at New Cumber- 
land, near Harrisburg. This bri is to be constructed ‘in 
connexion with the new line of rai from Baltimore to 
Harrisburg and Shippensburg. It will be 4000 ft. long, 
and will be known as the Harrisburg and Potomac Bridge. 


Queensland Railways—A railway is expected to be 
shortly opened to Chinchilla, 75 miles beyond Dalby. 


Coal in France.—The production of coal in the basin of 
Loire amounted in 1876 to 3,460,000 tons. The correspond- 
ing production in 1875 was 3,333,600 tons. 


American Coal Mining.—The aggregate production of 
anthracite and bituminous coal in Pennsylvania, to February 
19 this year, is 886,224 tons, against 781,635 tons in the 
corresponding period of 1877, showing an increase of 
104,589 tons this year. Measures are being taken with a 
view to the restriction of the production. 


Rails for Italy.—One of the Belgian iron works has 
obtained rather a large order for rails for an Italian line. 
The contract price is stated to 5l. 83. per ton. The 
Thy-le-Chateau Works have obtained another large rail 
order at 51. 12s. per ton, delivery at Antwerp. 


Defences of South Australia—Sir William Jervois, in a 
memorandum upon defences, expresses an opinion that the 
best means of defending Adelaide and its port would be to 
provide a vessel of war, os pees in power to any likely to 
appear. Such a vessel would probably cost about 150,000/., 
but Sir William recommends that the opinion-of the Ad- 
miralty should be sought as to the kind of ship to beob- 
tained. He also recommends the erection of batteries 
in and near the Semaphore, the construction of a military 
road behind the sandhills,the laying of torpedoes across 
the Port Creek, and the enrolment of naval and land 
forces. The capital cost of the scheme, irrespective of the 
war vessel, is estimated at 25,0001. During a visit of Sir 
William Jervois to — he will make the necessary 
inquiries as to the ironclad. 


Boston and Euwrope.—There are now three lines of 
steamers plying between Boston and Liverpool—the Lay- 
land, with a steamer every week, the Warren, with three 
steamers or more amonth, and the Cunard, with a steamer 
ev fortnight (to be increased to one each week before 
inet. The 7 of the steamers is also much greater 
than that of those formerly running, so that Boston has 
now five times the steam tonnage it hada few years since. 
These vessels have no difficulty in getting freight duri 
the winter ; in the summer, in competition with the 
routes between New York and the West, it has been more 
difficult to secure freight over the local railway lines. Two 
things are needed to increase the commerce of Boston, 
— railroad connexions,; and increased terminal faci- 

ies. 





Krne’s Cotteaz ENGINEERING SocreTy.—The an- 
ing of the above society was held on the 7th inst. 


m 
in the li of King’s College. The chair was taken by 
the Principal, Canon Barry, and the hall was crowded by 
the students of the college and their friends, to whom Mr. 


Price Williams, M.I C.E., read an interesting paper upon 
the subject of the locomotive. After referring to the 
early history of the locomotive and treating of the resis- 
= of ee Mr. ged Williams pp peneneeng 

as wer, performances, and consumption 0’ 
coals of all the motives combined within the United 
Kingdom, and as an illustration of the extraordinary de- 
velopment of power remarked, that whereas origi it 
was only attempted to ascend the very slightest incline, 
the goods e: 


ines used on the Great Northern Railway 
move up a gradient of 1 
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NOTICES OF MEETINGS. . 

Tus INSTITUTION oF OrviL ENGINEERS.—Tuesday, March 19, at 
8p.m. Discussion upon Mr. Douglas Galton's paper “On Railway 
Appiiances at the Philadelphia Exhibition, of 1876.” 

HE METEOROLOGICAL SOCIETY.—Wednesday, the 20th inst,, at 
7 p.m., at .25, Great George-street, Westminster, the discussion 
of Dr. ae paper, “On the Winter Climate of Some lish 
Sea-side Health * will be resumed, after which the follow- 
ing rs. will be read: “+ Notes on @ Pome ” by Captain 
i byw “Notes hing the SS Glo| oy a | 
and o aterspouts County Donegal, Ireland,” " 
gerald, “Observations of Rainfall at Sea,” by W.T. Black. ~ 
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THE,“ INFLEXIBLE.” 
Ir was: natural to expect’ after the different 
phases through which the Inflexible controversy has 
assed that as soon as the Naval Estimates came to 
discussed in the House of Commons, the ease of 
the Inflexible would again assume prominence. ‘The 
debate in Parliameftit on Monday night confirmed 
these anticipations.’ On the order of the day ‘for 
going into Committee of Supply on the Navy Esti- 
mates, Mr. Seely, who had onthe paper a motion 
for‘a select committee to inquire as to the mode in 
which designs for ships of war are obtained, criticised 
at considerable length the history of our naval ad- 
ministration, and referred prominently to the errors 
alleged to have been made in the Inflexible. He 
was followed by Lord Henry Lennox, who delivered 
& brilliant and able speech chiefly devoted to the 
Inflexible, pressing the Government to repair so far 
as possible the errors made in the design of that 
vessel, or at least to carry out such improvements 
in her as were recommended by the recent tee, 
Taken on the whole the debate was an interesting 
one, andabove the average of navaldebates, but there 
were few arguments either for or against the vessel 
which are not more or less familiar to our readers. 
Lord. Henry Lennox drew the attention: of 'the| 

House to the various contradictory and 
respecting the vessel's Labiity- contained 


ts, | have defended the ship were Lord Charles Beres- 


| throw‘ dust in the eyes 





statements 
in the Parliamentary Papers, where, among 


talk about: th 
other’ Weovewesdws' Sangeeta Mo 


errors, she is stated tO have a range of 30-deg. of | 
Sts pens og to ‘one, and must have been’ 


stability with the ' “* umarmoured en: 


stability,” when itis obvious from other accounts, as) 


well as from the report of the Committee, that the 
cork is still'in place in the ends and giving stability 
under the conditions assumed, the real condition 
when the ends “are givi i 


miralty, Mr. Egerton, was exceedingly weak and 
constituted no defence of the ship whatever, The 
only members of the House who may be said to 


ford and Mr, ‘Goschen. Lord Beresford, “as a 
seaman and seaman-gunner,” agreed with the re- 
cent Committee that the whole question: was one of 
opinion as to whether the ends of the Inflexible could 
or could notberiddled and gutted. He considered 
they could notbe so damaged owing to the small- 
ness of the height above the water to which the cork 
extended, and maintained they could not be hit, 
meta d : “He therefore considered it im- 
ossible to open up the twenty-three compartments 
forward and Sivehtoets co zs ents aft She sea, 
and tothisextent went beyond the most eviews 
of the Committee. They admitted the probability of 
the ends being riddled; and’ only ‘coritested the pro- 
bability of their being gutted. Lord C. Beresford 
does not admit even the probability of their being 
riddled. Mr. Goschen took somewhat the same 
line, not, as he explained from his own knowledge 
and e ience, but from statements made “to ‘him 
by high authorities that he did not name. We know 
the Controller and the Director of Naval Ordnance 
are strongly committed to the opinion that it would 
be impossible to render the unarmoured - ends use- 
less for ea Sg of stability, ‘and the views ex- 
pressed by Mr. Goschen much resembled a reca- 
pitulation of the opinion ‘of’ those officers. - But 
even those officers, we should think, ‘could not' have 
made themselves responsible for some of the extra- 
ordinary statements ‘made by Mr. Goschen. He is 
repo in the Times to have said the point of his 
argument was ‘that 300 shots would be ‘required 
to produce the disabled.and water-lo state, and 
that was a calculation made on ‘au y equal to 
that of the honourable member for Pembroke: The 
statement, however, went further than that. Not 
only 300 shots, but +300 ‘hitting shots, -would’ be 
necessary before the unarmoured’ ends’ could be so 
completely gutted as to give no stability, and artil- 
lery officers would be able to calculate the total 
numberof shots required to produce that result.” 
This is just the sort of statement that is most likely 
to produce a misleading effect on the House of Com- 
mons when coming from a member who has occupied 
the position Mr. Goschen has, and, therefore, his re- 
sponsibility is the greater. When analysed it is seen 
that the statement withoat further explanation is 
meaningless, It is-not stated; for instance, what 
size shot is supposed to be used, or whether each 
shot is to be confined to the mere penetration of 
one particular chamber. Even the latter limitation 
which,-of course, would be an absurd one, would 
show the statement of Mr, Goschen to be enormously 
exaggerated: The number of compartments forward 
is given as twenty-three, and aft as seventeen; 
which would make forty, and ‘instead ‘of requiring 
forty shots to penetrate them, @ single shot entering 
forward w pass through all the thin -athwart- 
ship bulkheads in its course untif it passed out the 
other side or was stopped by the armour bulkhead, 
and it might thus several ments at 
one blow. - But after all, the effect of shot fire is of 
little consequence; No one has contended that the 
cork in the unarmoured ends would be likely to be 
destroyed or blown -out by solid shot:' ‘It is shel! 
fire to which we have to look, and if Mr; Goschen 
had told the House of Commons, and told ‘them 
accurately, how many common shells from, say, the 
18-ton gun, or the 25-ton' gun, or the 80-ton gun, 
or even from thé 6}-ton gun, bursting in the un- 
armoured: ends would bé required ‘to destroy their 
buoyancy and stability, he would have done some 
service. The fact is,- however, that no one can 
possibly decide this point without the artillery ex- 
eee for which we have throughout contended. 
Lo talk about-the number of solid shot nécessary to 
plow the cork out; forth mr 5 by te y'to 
the public: And 80 it is‘to 
‘a foot wide 































would have to aim at. It is —— ‘well known 


d C. Beres- 
aa at at sea even in 2 the 
Teh ccpelt" Apert frost tha preahtng cra vegie, 
et the wen crests and hollows 

of the ‘vessel, and for these 


the mere 


rors spt 
reasons the part’ between witid and water ‘has 


‘particularly guarded. As Mr. EB. ‘J. 

Reed pointed an Be ge cork chambers occupy just 
e Inflexible where the” of 

armour at the water-line has always been placed 
hitherto, and if Lord sprayed is good 
for anything it would be perfectly useless to put 
armour plating below the still Water load-line. As 


a matter of fact, however, the n for extend- 
ing armour plating down several feet below this 
line has been universally The Com- 


mittee of Naval Designs even’ went so far as to 
recommend additions in this direction to the 
Thunderer and Devastation, and especially towards 
the ends, the very parts where it is now pretended 
the Inflexible cannot be struck. Mr.- Gosehen 
appeared to think that the + power of the 80-ton 
gun was sufficient excuse for any errors committed 
in the design of the’ ship. Such ati argument ‘is 


manifestly unsound, As we have pointed out overand ° 


over again, these guns might be put into the’ worst 
designed and most unseaworthy ever conceived 
without affecting the character of the ign or 


making the ship safe. The real question should lie 
between the Inflexible as she is and the Inflexible 
as she would have ‘been if y designed, and 
without-the dangerous’ features “which characterise 


her, ' 
“Mr. EJ. Reed very properly asked for some ex- 
planations from the Feet Tord of the Admiralty of 
the astonishing fact thatthe real condition of the 
Inflexible’s stability at the time it was first questioned 
in the House of Corimons’ has’ Been withheld from 
the public even up to the~present moment. “Mr. 
Smith has not yet replied, ‘and it is to be h 
when he does so he meet the question 
and fully, and put an end once for all to the subter- 
fuges and evasions resorted to hitherto to suppress 
this fact, . So far as the debate has gore’ there has 
been no indication’ on the part of the Admiralty 
that they intend to adopt even‘the limited recom- 
mendations of the-Committee’ appointed by them- 
selves. “We can scarcely, however, believe that'the 
authorities at Whitehall can be #0 infatuated as to 
oo such ‘a a Mr. Reed challenged the 
vernment to make a target represéntii ie seC- 
tion of the Inflexible and let the artillerists have 
free scope to do their utmost dgainstit at Shoebury- 
néss, and he offered ‘to abide by the result. Surely 
nothing could be fairer than this, and it is difficult 
to see how any Board of Admiralty can resist ac- 
cepting such a challenge. Until such’ experiments 
are made it will be the duty of all those who value 
the strength and ey of our Navy oe 
steadily and persistently the hazardous policy of in- 
frotathag such vital changes in the tonstruction of 
our ironclads as have been introduced in the In- 
flexible, Ajax, ani’ Agamemnon’ by error and de- 
fended by caprice. ” 

The debate was adjourned till Thursday, too late 
for notice in our t impression, but wé look 
forward to the statement of the First Lord of the 
Admiralty with interest, and hope to refer to it in 
our next impression. F 





BECQUEREL, REGNAULT, AND SEOOHI. 


Durie the last three months, science has‘lost 
three of its ablest tatives—Beequerel, Reg- 
nault, and Secchi. ey were among the earliest 
gleaners'in the field of ‘physical research, ‘and con- 
tributed much by their example and the fruitfulness 
of their labours to induce others to devote their 
en and talents to the ‘same class of subjects. 
Drury they yonte and upwards they have been in 
the van of science, arid although that period was one 
of ever increasing activity, they have never ceaséd to 
hold the eminent position to’ which ‘they attained. 


As their names have been thé last 
four decades, with’ scientific ‘and , 


a brief account of their lifé and’ labours cannot 
without some interest to the gincral as well as to 
reader. : 5 Mis 
uerel ‘was born at Chatillon- 
suPLoing, in’ the Leiret, March, 8, 1788. He com- 
Pleted’Kis studies in“that ‘tiursery of eminent meri, 
the Paris Polytechnic School. The times -“wéte 
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troublous and big with wars. Napoleon was at the 
head of the French army, and the youth of France 
flocked to his flag. Becquerel left the Polytechnic 
School in 1808, and entered the corps of engineers. 
Histalents attracted attention and gained for him 
early promotion, He won his first laurels in the 
8 one ign under General Luchet. In 1812, he 
returned to Paris, where his mili services merited 
for him the Cross of the Legion of Honour, which he 
received from the hands of his imperial master. After 
the disastrousevents of 1815, he retired from the 
army, and turned his attention to the study of 
science and especially to electricity. The discovery 
of Volta at the close of the eighteenth century, had 
elicited general attention, and had given rise to a 
warm controversy. Becquerel, who was inured to 
strife, rly entered the lists as an opponent to 
Volta. The Italian physicist maintained that the mere 
contact of dissimilar metals sufficed to produce an 
electric current, and was the source of power in the 
‘‘pile,” the couronne de basses, &c. ‘This was the 
famous contact theory. Becquerel studied the 
question in all its bearings, and showed that the de- 
velopment of electricity, even in Volta’s original ex- 
periment, was entirely due to chemical action. The 
contact theory was soon abandoned. However, it 
has a few supporters even at the present day. 
An effort to revive it was made a few years ago in this 
country by Professor Fleeming Jenkin, and it is to 
be regretted that this theory is adopted in the pro- 
fessor’s manual of “ Electricity and Magnetism,” a 
book otherwise of great value to the science student, 

The next subject which engaged the attention of 
Becquerel was electro-chemistry. Nicholson in 
1800 had resolved water into its constituents by the 
electric current, and Davy, in 1807, succeeded in 
obtaining, by means of a battery of 250 cells, 
sodium and potassium from their oxides. The sub- 
ject was entirely new; facts were needed before 
laws could be deduced and theories framed. Bec- 
querel supplied the one, Faraday gave out the 
other, ‘There is, however, but little danger of 
overstating the value of Becquerel’s labours. What- 
ever the merits of subsequent investigators, he is 
emphatically the father of electro-chemistry. Among 
the substances he obtained by electrolytic pro- 
cesses, we may mention aluminum, glucinium, 
silicon, sulphur, crystallised iodine, the double 
iodides, &c. Besides their theoretical importance 
these experiments had considerable commercial 
value. But yer ge seems to have been too much 
preoccupied with their scientific bearing to give 
to their practical issues the attention necessary 
to render them commercially successful. Men of a 
little more utilitarian turn of mind saw in the ex- 
periments of 1834 on the reduction of metals from 
their solutions, a germ which they hastened to cul- 
tivate, and which, in 1840, developed into De la 
Rive’s beautiful process of electro-gilding. To Bec- 
querel thus belongs the additional honour of having 
laid the foundations of electro-metallurgy. 

In thermo-electricity, he undertook an elaborate 
series of experiments. He examined a great variety 
of substances, constructed his copper - sulphide 
battery, and formulated the well-known thermo- 
electric series, in which bismuth stands first and 
antimony last. Nor was atmospheric electricity for- 
gotten. Becquerel made experiments to show that 
the earth and the air are in different electrical con- 
ditions, the air being pone with respect to the 
latter. He rejected the opinion which attributed 
the electricity of the atmosphere to evaporation or 
to the chemical reactions incessantly going on 
within all organised bodies, and sought to explain 
the phenomenon on the principle of the unequal 
distribution of heat throughout the successive strata 
of the atmosphere. It is well known that when 
heat is unequally pro d through a wire or any 
homogeneous metal, those parts which store up the 
heat and receive an increase of temperature are 
negatively, whilst the colder portions are positively 
electrified. Becquerel supposes the same to hold 
for gaseous bodies, This theory further explains the 
frequent occurrence of the grand electrical displays 
observed in polar regions, for as the range of tem- 

erature is very limited, the electricity developed 
in lower latitudes would have a tendency to flow to- 
wards the poles, where, by its accumulation, it would 
give rise to the well-known magnificent auroral 
phenomenon. 

From 1867, Becquerel’s attention was chiefly 
directed to electro-capillary action, in which he 
thought he had found an e ion of the manner 
in lodes and veins of 


in which metals are form 
rocks, 





In addition to his scientific researches and pro- 
fessional duties as lecturer in physics in the Natural 
History Museum, eee found time to write 
text-books on all his favourite subjects. These 
books are all written with a clearness and sequence, 
which show him to be quite familar with the wants 
and difficulties of science students. The two most 
important and extensive of his treatises are on ‘‘ Elec- 
tricity and Magnetism” (7 vols, 4to), and on “ Ter- 
restrial and Meteorological Physics,” 

M. Becquerel was admitted to the Academy of 
Sciences in 1829, and was a corresponding member 
of our Royal Society. In 1865 he was made Com- 
mander of the Legion of Honour and received the 
decoration from the hands of Napoleon III. A few 
se ago he was awarded the opley medal of the 

oyal Society, being the third French savan¢ on 
whom that distinction has been conferred. He 
leaves a son, M. Edmond Becquerel, who is already 
highly distinguished as an original investigator and 
whose reputation is scarcely second to that of his 
illustrious father. M. Becquerel was followed, at 
one day’s interval, to his grave by his fellow physicist 
Regnault. 

Henri Victor Regnault was born at Aix-la-Chapelle, 
July 21, 1810. Like our own Faraday, his early 
pes were spent in providing for his own subsistence. 

t occurred to him that in the great metropolis he 
would be more likely to succeed in getting remunera- 
tive employment, which wouldat oncerelieve himfrom 
the anxieties attendant on a struggle for existence, and 
afford him an opportunity of indulging bis growing 
fondness for science, At first he entered a large 
drapery establishment, where his ability won him 
the esteem of many, and the friendship of a few. 
Happily for him this friendship was more than 
Platonic, for it soon furnished him with the means 
of entering the Polytechnic School. He was then 
in bis twentieth year, and we can easily fancy the 
eagerness with which he listened to, and the fidelity 
with which he noted down the lectures of the most 
renowned science teachers of the day. org Fenene 
had just begun a course on chemistry, Noticing 
the aptitute of his new pupil for manipulation, he 
made him his assistant, and later on demonstrator. 
In 1832 he left the school as a mining engineer, and 
spent the next eight years in the provinces studying, 
working in the laboratory and lecturing. His 
favourite study was chemistry ; his first researches 
were on the new science of organic chemistry, and 
his first passport to distinction was a paper on the 

reparation of the ethers. In 1840 he returned to 

aris, and succeeded to the chair of his illustrious 
master, Gay Lussac. Shortly afterwards he saw the 
acme of his ambition realised in his admission to the 
Academy of Sciences. In the following year (1841) 
he entered the Collége de France as professor of 
physics, and in 1847 was appointed chief engineer in 
the Department of Mines. In 1854 he was made 
director of the world-famed manufactory at Sévres, 
and in 1863 received the Cross of Commander of the 
Legion of Honour. 

Although he acquired his first distinction as a 
chemist, Regnault soon took up the more congenial 
study of physics. We cannot say that he showed a 
brilliant capacity for original work, He was not a 
Faraday. Perhaps through consciousness of his own 
endowments, he undertook a careful revision of the 
physical constants which are of paramount import- 
ance to every investigator. The task was not an 
easy one, but Regnault was cut out by nature for an 
experimenter. Rarely has he been equalled in 

tience of research, in delicacy of manipulation, or 
in accuracy of results. He has been rightly called 
the Prince of Experimenters. 

He repeated Dulong and Petit’s famous experiment 
to determine the coefficient of absolute expansion of 
mercury, and found it to be sets between 0 deg. and 
100 deg., whilst the received value was ses. He 
found the coefficient of expansion of air to be .003665 
instead of .003660, and showed that the coefficient 
of expansion of any gas increases with its pressure. 
He devised a new calorimeter, in which he eliminated 
most of the sources of error inherent to the ordinary 
application of the method of mixtures, and entered 
into a minute examination of Dulong and Petit’s 
celebrated law of the constancy of the product of 
the specific heat and the atomic weight. He found 
that this product varied in the case of elementary 
substances between 2.95 and 3.41, while it was 
practically constant for all compound substances of 
the same formula and similar constitution. The 
tension of vapours had been studied by Dalton, and 





subsequently by Dulong and Arago, but there were 
mane on hog the data obtained. Regnault 


took up the question anew, and invented a simple 
and beautiful method based upon the principle. that 
when a liquid enters into ebullition, the tension of 
its vapours is equal to the pressure it supports. 
These experiments were carried on with extreme 
care, and the numbers obtained are believed to be of 
the greatest accuracy. 

Hygrometry also received some attention. In 
seeking to remove the defects of the usual hygro- 
metrical instruments, he was led to invent the hy- 
grometer which bears his name, 

Regnault has written but little. In 1845 he pub- 
lished a small book on hygrometry, and in 1847 an 
elementary course of chemistry, which has been 
translated into several languages. 

The last years of Regnault’s life were embittered 
by domestic misfortune. In 1871, his only son, 
who had already acquired a brilliant reputation asa 
painter, was killed at the battle of Buzenval. 
“Give me time,” said the young soldier-artist to 
his retreating comrades, ‘ to fix my last cartridge 
and I'll be with you.” Unfortunately for him, he 
had scarcely uttered these words when he was struck 
in the head bya Prussian bullet. By many in this 
country he will be remembered as the author of one 
of the most striking paintings of thé last Inter- 
national Exhibition, the subject being ‘‘ An Execu- 
tion under the Caliphs at Grenada.” 

During the Franco-Prussian jwar, M. Regnault 
was obliged to abandon the manufactory at Sévres, 
and when he returned on the conclusion of the war, 
he had the bitter rae peer to find that the 

pers which contained the results of 600 experi- 
ments on the heat phenomena accompanying the ex- 
pansion of gases had been destroyed. @ never 
recovered from this twofold shock ; his spirits grew 
depressed, infirmities increased, and the veteran 
experimentalist died on January 19, 1878. 

he third great loss which we have to chronicle is 
that of Father Secchi, the well-known spectro- 
scopist and astronomer. Angelo Secchi was born at 
Reggio July 29, 1818. Atan early age, his education 
was entrusted to the Jesuits. He studied mathe- 
matics under Dr, Vico, and taught physics in one of 
the colleges of the Order from 184] to 1843. In 1848, 
he proceeded to America and lectured in George- 
town College on mathematics and physics. It was 
during his connexion with this institution that he 
made the acquaintance of Professor Henry, whom 
he assisted in his experiments on. the temperature 
of various parts of the solar disc. There is little 
doubt that the friendship of the Nestor of American 
savans tended to foster the love of original investi- 
gation in the young professor, as the experiments he 
made in* the Smithsonian laboratory may have 
directed his attention to that line of research which 
he made emphatically his own, and in which he 
achieved such brilliant results, The spectroscope 
was a novelty; Bunsen and Kirchoff were founding 
a new system of analysis, and every day brought 
marvellous discoveries. Secchi fell to work with 
characteristic ardour, and applied the new instru- 
ment to the study of solar physics, On his return 
to Europe in 1850 he was appointed director of the 
Observatory of the Collegio Remand, where every 
facility and encouragement was given him to continue 
and complete his labours. Secchi was an indefatigable 
worker; and, assisted as he was by an able and 
numerous staff, he collected a great number of 
observations. ‘These he classified and discussed with 
rare acumen, bringing to bear upon the discussion 
all the light of the most recent discoveries. The 
conclusions he arrived at were embodied in his great 
work on “The Sun.” This book was written in 
French, which language the learned Jesuit spoke with 
native grace and fluency. The work forms a quarto 
of 400 pages, and treats in succession of the struc- 
ture of the sun, its influence on the universe, and 
its relation with other heavenly bodies. The author 
possesses a thorough grasp of his subject, and ex- 
resses his views with clearness and precision. He 
Rapes no point of importance unnoticed, and avoids 
with equal care superfluity of detail. He finds 
the surface of the sun to be 60,329 by 10'*square 
metres, its volume to be 139,335 by 10%? cubic 
metres, and its mass to be 19,466 by 10*° kilogrammes. 
He admits the mass of the earth, which is srvs00 Of 
that of the sun, to be gradually increasing owing 
to the fall of shooting stars, bolides, aerolites, &c., 
and finds in this accession of am mp ane matter 
a probable explanation of the augmentation 
of the moon’s motion. He maintains the cosm 
origin of the sun, and by the aid of Mayer's hypo- 
thesis, endeavours to show that the contraction of 





the gaseous mass of the sun to its present dimen- 
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sions would have developed 500 million thermal 
units, which he concludes must have been the initial 
temperature of the solar globe. 

The heat of the sun is maintained not by the in- 
cessant showering of meteoric matter, as has been 
warmly advocated, but by the gravitation of the 
gaseous mass towards its centre. This contraction 
would be accompanied by an enormous evolution of 
heat, The temperature of the sun is however slowly 
decreasing, and Secchi shows on the principle of the 
dissociation of gases that this loss does not exceed 
one degree in 4000 years. From this he concludes 
that the time when our globe will cease to be habit- 
able must be very remote. In his valuable work 
on ‘Solar Physics,” Mr. Norman Lockyer incorpo- 
rates many of Secchi’sresultsandconclusions. Roscoe, 
in his standard book on ‘Spectrum Analysis,” 
adopts his classification of the stars for spectroscopic 
purposes. 

Secchi was not only an irrepressible observer, he 
was also a very voluminous writer. There are few 
learned bodies to which he did not contribute 
valuable papers; but that which has made his repu- 
tation and made it ere perennius, is his book on 
‘* The Sun.” 

Secchi erected, at the expense of the Papal trea- 
sury, &@ magnetical observatory with the view of 
studying the supposed intimate connexion between 
the spots of the sun and the occurrence of magnetic 

henomena, ‘These observations were carried on 
etween 1858 and 1870. They showed that years 
of greater spots are also years of greater magnetic 
disturbance, and confirmed the coincidence of the 
sun-spot and magnetic periods (10.45 years).* 

During four years, Secchi had at his disposal a 
telegraph line 31 miles in length, for the sole object 
of studying the varied phenomena of earth-currents, 
His published observations show that true earth- 
currents always exist in telegraph wires, that they 
have a prevalent direction, and that they acquire 
great intensity during magnetic storms. 

In 1865, there was a general stir among astro- 
nomers for obtaining numerous and accurate 
observations on the total eclipse of July 18th. 
Celestial photography had been greatly improved by 
Mr. Warren de la Rue, and there were high and 
well-founded hopes as to the conclusions which 
might be drawn from observations made by the new 
method. Secchi went to Desierto de las Palmas on 
the Mediterranean shores of Spain, where he suc- 
ceeded in taking good photographic records of the 
various phases of the phenomena, and particularly 
of the flame-like protuberances, It was there shown 
that these prominences, which had given rise to so 
much conflicting speculation, were innumerable, of 
dazzling brilliancy, rich in photographic rays, of 
stupendous height, and real solar phenomena, He 
watched the eclipse of December, 1870 (usually 
called the Mediterranean eclipse) from — direct- 
ing special attention to the corona. It was then 

roved that different spectra could be obtained 
rom different parts of the corona. These and the 
numerous spectroscopic observations made by Secchi 
are ably discussed in his book on the sun. 

Besides his intimate and practical acquaintance 
with physics, Secchi was also a good mathematician. 
In consequence of his proficiency, he was appointed 
by Pius LX. to continue the trigonometrical survey 
of the Papal States which had been begun by Bosco. 
vich in 1751. 

At the Paris Exhibition of 1867, he showed his 
famous meteorograph, and obtained the “‘ great 
prize” of 100,000 francs. He was a member of most 
of the learned bodies of Europe, including our own 
Royal Society, and was the founder of the Italian 
Spectroscopic Society. 

We have already alluded to his ardent application 
to scientific labours, and we may now add that he 
retained this energy and eagerness for work down 
to the last. We are told that even when confined 
to his bed of sickness, he wished to continue the 
discharge of his duties as director of the Obser- 
vatory. He reviewed and discussed with his assist- 
ants the daily meteorological observations, and 
especially those connected with}his life-work, the 
sun. His illness was short but painful. Struck 
down in the full bloom of manhood, this eminent 
physicist and astronomer died at Rome on Tuesday, 
the 26th of February, 1878. 

By the demise of these three illustrious men 


* M. Faye controverts this point. He takes the sun- 
spot cycle on the authority of Wolf to be 11.1 years; and 
as the diurnal illation period is only 10.45 years, he 





— that there is any connexion between the two pheno- 





science has sustained a severe loss; but in depart- 
ing, they leave behind them as a legacy to our 
studious generation their valuable cai. pe 
brilliant discoveries, and, what is perhaps of equal 
value, a bright example of devotedness and un- 
flagging application to their [favourite subjects of 
cao | eir example may induce others to 
tread in their footsteps, and thus the work which 
they initiated will be carried on to its full com- 
pletion. 


THE SOCIETY OF TELEGRAPH 
ENGINEERS. 

THE ordinary general meeting of this Society on 
Wednesday the 27th ult., was one of unusual in- 
terest. This was chiefly owing to the announce- 
ment that Mr. W. H. Preece would explain that 
wonderful instrument, the talking phonograph of 
Mr. Edison, a matter with which we have y 
dealt. But the other three’preceding papers were 
also interesting in themselves, ey were on 
a small and portable form of De la Rue’s chloride 
of silver cell, on Dr. Burn’s pneumatic battery, and 
on Mr. Barlow’s logograph respectively. On each 
of these subjects we shall now have something to 


say. 

De la Rue’s Chloride of Silver Cell.—Dr, Muir- 
head’s _— on this subject was read by Mr. Latimer 
Clark, M.I.C.E., past-president of the Society, and 
the chairman for theevening. The principal object 
of the paper was to point out the fact, observed by 
Dr. Muirhead, that this cell is remarkably well suited 
as atesting battery, and as a stan of electro- 
motive force. This is due to the unusual constancy 
of its electro-motive force from day to day, and from 
month to month, to its uniform resistance, and its 
small and portable form. The cell is made by taking 
a cylindrical rod of pure zinc about the thickness of 
an ordinary penholder for the negative pole, and a 
similar rod of chloride of silver, moulded by heat 
into the required cylindrical form, for the positive 
pole. These two poles are then immersed in a small 
tubular glass vessel containing pure chloride of 
ammonium. The positive pole, or chloride of silver, 
is sometimes enclosed in an enveloping cylinder of 
parchment paper, which acts asa us wg 
The whole cell is about 4 in, in height and 1 in. in 
diameter. To prevent wren yy of the liquid a 
stopper of paraffine or of cork is fitted to the mouth ; 





holes being perforated in it to allow the electrodes | i 


of the cell to pass through. The electrodes are of 
silver wire or silver strip, the negative one being 
soldered to the zinc, and the positive one being cast 
into the silver chloride, The electro-motive force 
of such acell is about 1.16 volts, and its resistance 
is about 5 ohms. Its great merit consists in the 
fact that although in daily use for months, it 
preserves jits electro-motive force and resistance 
practically the same. It is therefore very ad- 
vantageous in the testing of submarine cables, 
since the variations of electro-motive force in the 
ordinary Minotto testing battery frequently cause 
irregular movements of the needle of the gal- 
vanometer very troublesome to the observer, and 
prejudicial to the acc of the tests. With the 
chloride of silver cells this disturbing element does 
not appear, and the — motions of the needle 
éan observed with acc . The small and 
portable form into which this battery’can be made 
up—50 cells occupying about a cubic foot—is 
another point in its favour for electrical testing at 
sea, or in the field, and it is likely to become a 
favourite battery for this purpose. The first cost of 
manufacture is in excess of the ordinary cells owing 
to the expense of chloride of silver ; but pure silver 
is reduced in the action of the cell, and as this can 
either be sold at a price realising 80 or 90 per cent. 
of the original cost of the chloride, or can again be 
turned into chloride by the addition of a little 
hydro-chloric acid, the cell is in the end an 
economical one. 

Mr. Clark justly observed that we had a suffi- 
cient standard of resistance in the British Associa- 
tion unit, and a sufficient standard of capacity in 
the micro-farad condenser; but we had not been so 
successful in getting areliable and constant standard 
of electro-motive force. It was with this view that 
he had constructed in 1873 the small mercury cell 
known as Clark’s standard element. ‘This element 
is composed of the metals zinc and mercury, sepa- 
rated by a paste made by boiling mercury sulphate 
in a concentrated solution of sulphate of zinc until 
the air is expelled. All the materials must be of 
the purest kind, and a little free mercury may be 





added to the paste with advantage. The cell is 


—=—=—— 
about 2 in. high, and 1} in. in diameter, Zinc is 
the negative pole; and the electro-motive force is 
1.456 volts, This cell was only designed as a 
standard of electro-motive force, and was not 
intended to give a current. Its internal resistance 
was not, therefore, considered. It has, however, 
been used in the ordinary way, but it quickly 
polarises, A defect has been found in the dryin 
up of the paste, and consequent failure of the 
Steps have been taken, Mr. Clark said, to remedy 
this weak point. by excluding the air from the semi- 
fluid paste. It is a question yet to be decided 
whether or not the chloride of silver cell is better 
than the Clark’s standard element as a standard of 
electro-motive force ; and Mr. Clark stated that he 
intended, in conjunction with Dr, Muirhead, to make 
an absolute determination of the electro-motive 
forces of both. Should the chloride cell prove as 
constant as the other, it will be the more advan- 
tageous, since it can be more readily set up, and the 
electro-motive force is about a volt. 

Burn’s Pneumatic Battery, —This remarkable 
battery is a peculiar form of the ordinary bichromate 
of cell. The negative pole is a zinc plate; 
but the positive pole instead of being a carbon plate 
is, in this form, a compound metallic plate formed 
by coating a copper plate with lead and facing’ one 


side with a plate of platinum, A section across such 
a plate would therefore pass through lead, copper, 
lead and The backing of 


a in succession, 
copper to the platinum plate diminishes the resistance 
of the positive pole, while the lead protects the 
copper and solder from the acid solution, This is 
made by adding 12 oz, of bichromate of potash and 
1 pint of sulphuric acid to 5 pints of water. The 
peculiarity of the cell, however, consists in an 
arrangement by which air can be pumped into the 
liquid. This is effected by having a perforated tube 
running along the bottom of each cell, and a hand 
syringe or bellows in connexion with it, so that air 
fo into the tube escai through the per- 
forations into the liquid, is circulation of air 
gives rise to an extraordinary strength of current in 
the circuit of the cell, and to an equally extraordi- 
nary gre 09 of heat within the cell. Ten of 
the cells ibited heated a stout platinum wire, 
30 in. long and No. 14 B.W.G., to a glowin 
on pumping. The heating took place gradually as 
the pumping went on, and the wire cooled again to 
its dark state when pumping was left off. Some 
idea will be formed of the great heating power here 
displayed, when it is remembered that it takes 70 or 
80 Grove’s elements to heat a similar length of 
No. 18 or 24 B.W.G, platinum wire. The battery 
was, in consequence of its heating effect, introduced 
by Dr. Burns for the actual cautery, and an im- 
portant operation has recently been successfully 
performed in London by its means, The same 10- 
cell battery even yielded a small but beautifully 
brilliant electric light with two carbon points. ‘he 
electro-motive force of each cell is about 1.7 volts, 
and the internal resistance, according to Mr, Preece, 
is —_ ordinary instruments immeasurably small, 
y the pumping of air into the cell should in- 
crease its current strength so much, is a problem 
not yet decided. In order to determine whether it 
was due to some chemical action of the air, or to 
its merely mechanical action, Mr. Ladd pumped 
air, oxygen, and hydrogen one after another into 
the cell, but no difference was observable in the 
action of the cell. It was all the same which gas 
was pumped in; and hence he concluded that the 
effect was due to a mechanical cause. Since either 
an increase of electro-motive force, or a diminution 
of resistance will produce an increase of current 
strength, Mr, Preece measured its electro-motive 
when quiescent and also on’ pumping; but no dif- 
ference could be detected. He then ‘attempted to 
treat its resistance in the same way, but failed to 
obtain a measure of it by ordinary means, it being 
so small, It was the opinion of Dr, Burns that the 
effect was due to a depolarising influence of the air 
on the plates of the cell, but Mr. Preece’s experi- 
ments veto that explanation. A notable point about 
the cell is the high temperature developed in it by 
the a ing; it being impossible, after a time, to 
handle the cell because of its hotness. The expla- 
nation offered by Mr. Preece is that this heating of 
the cell reduces its internal resistance ; but may it 
not rather be that the heating itself is due to the 
abnormal chemical action going on in the cell, and 
necessary to produce the powerful current? © 
Professor ted that it might be due 
to a circulation of the liquid, promoted by the air, 
so that fresh acid came into contact with the zinc 
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plate. This would have the double effect of in- 
creasing the chemical action, and diminishing the 
resistance. Mr. Preece against this explana- 
tion, that if it were due to fresh acid it would be an 
instantaneous effect, whereas we had seen the heating 
of - platinum ae i.¢., the rise of current strength, 
to e with the ing. 

Mr. badd was inane’ to stuibato the. fect 

rincipally to the tive the 

inished rehiealee “48 offered ; and Mr. H. 
Edmunds, Jun. (who exhibited the battery on 
behalf of Dr. Burns) said that Dr. Burns also 
referred a t deal of the efficacy uf the cell to the 
positive pole. He mentioned that Dr. Burns had 
also obtained remarkable results by using dilute 
sulphuric acid as the exciting solution, and dispensing 
with an air pump, but retaining the compound 
veg raph.—The ‘ logograph” of Mr. W. 
H. Barlow, eS. M.LC.E., is an instrument for 
giving a graphic representation of the vibratory 
motions of the air waves of speech. It was invented 
four years ago in order, if possible, to become a 
means of short-hand writing; this, however, it has 
not yet succeeded in becoming. It depends for its 
action on the well-known fact that in speaking the 
air is forcibly expelled from the mouth in jets of dif- 
ferent intensity and magnitude. It consists in a 
mouthpiece similar to that of a speaking trumpet, 
which ts enlosed at, one end by a thin india-rubber 
diaphragm about 2} in. in diameter. A small camel- 
hair pencil moistened with ink or aniline dye is 
attached to the centre of the diaphragm so as to 
partake of its motions. A strip of white paper is 
caused to move uniformly past the point of the 
pencil marker by clockwork. On speaking into the 
mouthpiece the diaphragm is violently agitated, and 
the hair pencil draws a fine irregular line along the 
paper strip. This line is a delineation of the me- 
chanical air motions produced by speech. The 
same words always give almost exactly the same 
representation. ‘There are minor variations due to 
some cause or other, but the larger features of the 
curve are conspicuously the same, and it would be 
possible by a comparison of a number of results to 
obtain typical curves which would be a correct 
graphical representation of spoken language. The 
consonants give long poin curves or deviations 
from the zero line, whereas the vowel sounds give 
minute vibrations or ripples. These ripples are due, 
Mr. Barlow thinks, to the drone of the voice accom- 
panying the vowel sound. The resemblance of the 
ogograph writing to the telegraphic message from 
a syphon recorder is very apparent. 
tr. Barlow also gave a he interesting statistics 
which he had gathered from experiment. From 
these it appears that 1} cubic inches of breath are 
ordinarily exhaled in uttering each vowelsound. In 
an ordi expiration there are 40 cubic inches of 
breath, and 80 or 90 cubic inches in an extraordinary 
one, 

The meeting concluded with a highly interesting 
and amusing exhibition of the truly marvellous 
powers of Mr. Edison’s phonograph, a full account 
of which we gave in our last number. 





AMERICAN IRON AND STEEL WORKS, 
By A. L, Hotty and Lenox Stn. 
No. XVI.—Tue Crown Port Iron Company's 
MINEs AND WORKS. 

Tue remarkably fine quality of Bessemer steel 
which the Crown Point ores produce, as shown in 
the Centennial exhibit of the Albany and Renn- 
selaer Iron and Steel Company, has given them a 

rominence like that which Swedish ores have in 

reat Britain. And in addition to the quality of 
the material produced, the character of the mines 
and works of the Crown Point Iron Company is of 
—- the ie ist and to the engineer. 

@ property owned by com comprises ex- 
tonalite tenet of mineral and timbur lands, magnetic 
iron mines, a Catalan forge, and two blast furnaces ; 
the latter are located at Crown Point, New York, 
on the western shore of Lake Champlain, about 
thirty miles north of its southern terminus. The 
furnaces and mines are connected by a narrow 
gauge railway (owned by the company), which also 
connects at Saswe Point with the New York and 





Canada Railroad, an extension of the railway 
system controlled by the Delaware and Hudson 

al Company, ranning from the anthracite coal- 
fields of Pennsylvania direct to Montreal. There 
is also water communication with the anthracite 


|region and other interior points of Pennsylvania 
|and with the important eastern markets by means 
of the Delaware and Hudson Canal system, which, | 
in conjunction with the great lakes, also affords 
connexion with the Western States at low cost for 
tran tion. 

The Crown Point Iron Compan 
of 20,000 acres of ore and wood ds, of which 
more than 3500 acres are mineral i The 
mines are situated at an elevation of about 1200 ft. 
above Lake Champlain and 1300 ft. above tide 
water, on the summit of a range of mountains 
lying about twenty miles east of the Adirondack 
Mountains and thirteen miles west of Lake Champ- 
lain. The general dip of the formation, which is 
composed of gneiss or gneissoid rocks, is about 
45 deg. east, and its trend is north-east and south- 
west. The ore veins, which are very numerous, 
occur between the layers of rocks, there being six 
different and distinct veins: within a radius of 
300 ft., varying in thickness from 15 in. to 20 ft., 
and having a general course north-north-east and 
south-south-west, some of them being well defined 
and traceable at the surface for a distance of three- 
quarters of a mile. 

The principal mines developed and operated 
during the past four years lie within a circumference 
of which the radius is 4500 ft., and are known as 
follows: Mine No. 1 A, or the ‘‘ Penfield ;”’ Mine 
No. 1 A; west end; No. 1B; No. 1 E; No. 2, or 
** North Mine ;” No. 3, or ‘‘ Hammond ;” and Nos, 
4, 5, 7,8; 9, 10, 11, 12, 13, and 14, also ‘*‘ Weston’s 
Shaft.” 

Mine No. 1 A has attained an incline depth of 
about 400 ft., and a length of over 800ft, on the 
course of the vein. The vein varies in thickness 
from 2 ft. to 80 ft., having reached the latter thick- 
ness in one point only. The product of the mine 
during the present season (1877) has been from 
80 to 100 tons of ore per day. Mine No. 1 A, 
west end, has attained an incline depth of 100 ft., 
and a length on the course of the vein of over 
400 ft. The vein is regular and well defined, and 
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varies from 4ft. to 18 ft, in thickness. Its present 
capacity is from 100 to 120 tons ° day, which may 
be doubled within the year should it continue to o 
up as it has done thus far. Mine No. Ll B has 
attained but small depth, although it has been 
worked extensively. The vein lies almost horizontal, 
dipping slightly to the east and north-east, and 
varies in thickness from 2 ft. to 10ft. The present 
Ss of the mine is from 40 to 45 tons per day. 
ine No, 2 has reached a depth of about 400 ft. 
The vein varies from 2 ft. to 6 ft. in thickness, and 
dips to the east at an angle of about 45 deg. The 
oe is about 50 tons per day. Mine No. 3, the 
‘*‘ Hammond,” has been worked to a greater or less 
extent during the past thirty years in connexion 
with the charcoal furnace situated a little east of 
this point, This mine has now reached an incline 
depth of nearly 800 ft. from the point at which it 
was first opened. At a distance of 250 ft. below 
the surface the vein is quite large and well defined, 
varying from 4ft. to 30 ft. in thickness, and from 
100 ft. to 180 ft. in width, growing smaller and 
narrower as the depth increases. At the present 
depth its thickness varies from 4ft. to 8 ft., and its 
width does not exceed 35 ft. The quality of the 
ore is excellent. The product of the mine is from 
25 to 830 tons per day. Mine No. 8 has reached a 
depth of 100 ft. The vein issmall but well defined 
not exceeding 4ft. in thickness, and the width 
being from 30 ft. to 40ft, The capacity of the 
mine is from 25 to 30 tons per day. ine No. 6 is 
quite extensively opemed, and has reached a depth 
of 300 ft. The vein lies almost horizontal, and the 
ore at present is rather poer. The product does 
not exceed 25 tons day. Mine No.7 has reached 
a depth of 130ft. he vein dips to the south-east, 
and is very irregular, the ore being found in pockets 
or deposits of no great dimensions. The 
of the mine is from 20 to 25 tons per day. 
No. 1 E, Nos. 4, 9, 10, 11, 12, 13, 14, and ‘* Weston’s 
Shaft,” are at present developed to a limited extent 
-— their aggregate daily product reaching possibly 
50 tons. 
No two of the mines referred to in the fore- 
going statement are located on the same vein, and 
the veins are very numerous, underlying each other 
at intervals of from 10 ft. to 200 ft. 
The mines if worked to their full capacity may be 
made to produce from 400 to 450 tons of ore per 
day. The annual output at present is 
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for other special purposes, The lus over whatis 
used at the Crown Point a ma Me 
at remunerative prices in Pennsylvania and else. 
where.. At present nearly 500 persons are employed 
at the mines, for whose accommodation the company 
has erected about 75 tenements, besides which there 























are stores, engine-houses, offices, spope, storehouses, 
&c., connected with the working of the mines. 

The character of the ore is shown. by the follow- 
ing analyses : 

Crude Ore. Separated Ore. 
a ae Act 1 2. 

Peroxide of iron 61.70| 59.75| 65.90| 52.20| 66.99| 65.56 
Protoxide ,, v:| 27.20} 96.23) 26.18| 21.50| 24.39] 27.58 

» manganese; 0,17; 0.28) 228) 9.54) 0.17 0.25 
Alomins... .... ..| 120} 1.52) 105} 260] 230] 1.64 
Lime... 0.20} 0.30} 0.56) 0.40} Lié} 0.42 
Magnesia... 0.08; 012) 016] 0.15| 048]. 012 
a. = 9.40| 11.60 1721| 21.60} 5.07| 4.09 
Phosphoric acid 0.07) 0.08) 0,05} 0.09} 0.05] 0.05 
Sulphur... eo «| trace; 0.03) ¢race| trace} trace 
Metalliciron ... _...| 64.40| 62.20] 58,29] 53,24| 65.86| 67.33 











The railway which connects the mines with the 
blast furnaces is 13 miles in length, 3 ft. gauge, has 
a maximum grade of 150 ft. per mile, and an average 
grade of 100 ft. per mile, there being no curves of 
a less radius than 360 ft. throughout its entire length. 
The equipment consists of four locomotives, and 
115 ore and other cars, with which it is capable of 
transporting between the mines and Lake Champ- 
lain 1000 tons of ore daily. At Ironville on the line 
of the railway, about eight miles from the blast fur- 
naces, some extensive works are located ~belong- 
ing to the Crown Point Iron Company. They 
comprise a Catalan forge of six fires, capable of 

ucing 1500 tons of iron blooms annually, an ore 
Ma te with an annual capacity of 4000 tons, and 
a foundry in which are made all the castings required 
in the various departments. There are also ten 
kilns, the annual capacity of which is 350,000 
bushels of wood charcoal for use in the bloom forge. 
At this point are also erected a flouring-mill, a saw- 
mill, tenement houses, shafts, and other accessory 


buildings. 

The analysis of the bloom iron is as follows: 
Silicon... as .056 013 
Sulphur ... -002 trace 
Phosphorus 024 -024 
Carbon... . -150 -300 
Tron «+ 99.768 99.663 


yt The blooms are largely used 
: for making wire and wire ropes, 
and it is contemplated using them 
in place of Swedish iron: fo: 
horse-shoe nails, 

The final form and dimensions 
of blast furnace stack adopted for 
these ores and anthracite coal, 
' to produce Bessemer pig, are 
: ; shown by Fig. ] annexed. The 
i : capacity 1s 8474 cubic feet. 

he blowing engines are illus- 
trated by Figs. 2, 3, and 4 
H of the two-page engraving we 
j . publish this week. They were 
; : built from the designs of the late 
: Mr. F. Rumpf, atthe West Point 
: Foundry, on the Hudson river. 
: It will be observed that the 
: stroke of the steam piston is 
! greater than that of theair piston; 
; its speed is thus higher, and 
at the same time the crank is 
conveniently placed between the 
steam cylinder and the beam 
supports. The results of these 
engines have been very satis- 
factory. The blast heating stoves 
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and other plant we shall describe in our next 
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NOTES ON TORPEDOES.—No. XXVI. 
Spar Locomotive ToRPEDOES. 
Iy all om of “9 with the spar sanpede. the 
t to the attacking ty wo 
—, oe was within a caliewel 50 yards of 


‘the vessel to be demolished, as the nearer the 


xe ace ann po ele oe 
in t would possi te ap a un- 
detected within that radius, if anything like a watch 
was kept on board the vessel, and immediately the 








about 150,000 tons of magnetic ore, which is used in 
making Bessemer pig iron or metal of superior grades 





proximity to the torpedo launch was suspecteu an 
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alarm would be given calling the men to their guns, 
a light at the same time being flashed on the sur- 
rounding water to discover the whereabouts of the 
doomed launch, which being baulked in her purpose 
by the rapid manceuvring of the attacked vessel, 
would, in all probability, be destroyed by her guns, 

It is, therefore, obvious that a scheme for dis- 
charging the torpedo against any vessel it might be 
desired to demolish—a scheme that would obviate the 
necessity for approaching in close propinquity with 
the said vessel—would be highly welcome to torpe- 
doists, especially when the activity displayed on 
board the ship against which they were advancing 
told but too plainly their attack had been discovered, 
and that the possibilities were that even if they 
succeeded in their own mission their destruction 
would be insured. 

It was the desire to be able to attack a vessel by 
means of a torpedo boat without having to take the 
boat too close to the vessel attacked that first in- 
duced the Federals to adopt the form of spar tor- 
pedo illustrated in a previous article, and that in- 
duced Captain McEvoy, among other inventors, to 
bring bis ingenuity and practical experience to bear 
upon the matter; in 1875 he took out a patent 
for a self-propelling spar torpedo, that is to say a 
torpedo affixed to the end of a spar that could be used 
in the same manner as ordinary spar torpedoes, or, if 
desired, could, when at a distance of say 100 yards, 
be freed from the spar by means of a suitable ar- 
rangement and allowed to pursue its onward course 
alone, while the launch returned to be in safety. 
The means by which this was sought to be effected 
was to provide in the torpedo a reservoir of water 
containing a carbonate, and also a flask of acid 
which can be broken when desired by a trigger 
pulled from the boat. The fluid under pressure 


thus produced is used to give motion to the torpedo, | p' 


either by allowing it to escape through a hole in the 
rear end or in the following manner: To provide at 
the rear end of the torpedo a horizontal pipe car- 
rying transverse arms which were free to rotate on 
or with the pipe. These arms were hollow and 
curved so as to point tangentially at their ends, so 
that when the fiuid from the pipe passes through 
them they rotate. ‘The hollow arms were made 
to carry screw blades, which were either fixed 
to the arms themselves or to an axis attached to 
them and forming a continuation of the pipe. Thus 
the fluid under pressure when forced out of the tor- 
pedo through the pipe and its curved arms was in- 
tended to cause the screw blade to revolve and so 
propel the torpedo. 

A torpedo provided with a propeller to be driven by 
fluid under pressure is shown at Fig. 185, on page 210. 
A is a reservoir fixed to the rear end of the torpedo 
containing a carbonate ; in the reservoir is also the 
flask B containing acid. On the exterior of the 
reservoir are radial webs C to prevent the torpedo 
from revolving. When the torpedo is required for 
use it is placed in a holder D, shown separately at 
Fig. 186. This holder carries a hammer E retained by 
a pin F, When the pin is withdrawn by pulling the 
line G the hammer breaks the acid flask, thereby 
allowing the acid to escape into the reservoir A, 
and by mixing with the solution generates a 
pressure calculated to propel the torpedo forward 
either, as previously observed, by escaping through 
a hole at the rear end of the reservoir, or by 
driving a screw-bladed propeller in the manner 
described. Fig. 187 is an end view of the holder D 
showing the position of the grooves, into which slide 
the radial webs on the reservoir of the torpedo ; and 
Figs. 188 and 189 are views of the propeller. 

In patenting this mode of propulsion, Captain 
McEvoy, it appears to us, was altogether at fault, 
inasmuch that the whole theory was thoroughly im- 
practicable, since it is well known that to use a 
torpedo against a vessel with anything like success 
the blow must necessarily be delivered below the 
water-line, ahd this can only be insured by the 
torpedo after leaving the spar continuing its journey 
at any given depth below the surface of the water, 
after the manner of Whitehead’s “fish.” One very 
important point to be considered in order to effect 
this is that the specific gravity of the torpedo and the 
specific gravity of the water in which it is moving 
should be equal, it being obvious that if the 
torpedo is lighter than the water it will rise to the 
surface, and if heavier will sivk to the bottom. 
Allowing therefore that Captain McEvoy's torpedo 
at the moment of starting possessed the same specific 
gravity as water, it would become lighter and 


more buoyant every moment by the discharge of the 
pressure to give the torpedo 


fluid forced out under 








motion ; consequently if by a suitable arrangement 
it was made to start at a given distance below the 
surface of the water, it would, ere it had proceeded 
far, rise to the surface owing to the escape of fluid, 
indeed before it had proceeded far it would become 
so light that it is questionable if it would draw 
sufficient water to immerse the screw. 

Of course it would be possible to drive the screw 
by means of coiled springs, but then this changes 
the method of propulsion entirely, besides being very 
much more expensive and complicated. Not that 
there is anything strikingly new in Captain esa Aa 
invention as it at present stands, the only novelty 
about it is the application, the motor being the same 
in rons le as Hero’s steam engine and Barker's 
mill, and the means adopted for generating the 
motive force the same as is employed to generate the 
pressure in the patent fire extinguishers, 

Another method that has been proposed for giving 
a progressive motion to torpedoes after they have 
been detached from the spar, is to form a thread or 
worm round the body of the torpedo, as shown in 
Fig. 190, and give it impulse by revolving the spar 
with great rapidity. The torpedoes may be easily 
detached from the spar by connecting them by means 
of a short screw, and when a sufficient momentum 
has been obtained suddenly reversing the revolution 
of the spar. The torpedo is carefully finished, and 
fitted with McEvoy’s percussion fuze, yet still it has 
its demerits, and in its present form is not likely to 
obtain any considerable amount of notice, it being 
obvious that so crude a method as a revolving spar 
could not possibly project it many yards, and the 
chances would be that the torpedo would sink 
without striking an effective blow. If, however, a 
modification of this torpedo were employed with a 
totally different mode of projection, it would, in 
oint of economy, be entitled to consideration, 
since it could be used in all cases where at present 
it is proposed to employ the costly ‘‘ fish” torpedo. 

Fig. 191 is asectional view of a launch fitted with a 
revolving spar, all the machinery, &c., is situated 
below the deck, which is covered by a stout iron 
shield, The torpedoes are shipped through small 
ports at the fore part of the vessel, the spar being 
geared in such a manner as to allow of its being re- 
volved at any required angle. 

We shall have occasion to revert to this form of 
locomotive torpedo in a future article, when we 
shall endeavour to show how the revolving spar 
may be dispensed with, and the speed of progression 
and distance traversed be increased, 








THE SEWAGE QUESTION, 

To THE EDITOR OF ENGINEERING. 
Srr,—I desire to acknowledge the prominence you have 
given to my criticism on your “‘ Sani Summary for 


1877,” and for the article in your iol lanes which it | to di 


elicited. 

That your views in the main accord with my own as to 
the present position of the sewage question was abundantly 
shown by your late favourable review of my book on ‘‘ The 
Purification of Water-Carried Se .”’ The observations in 
your summary, with which I joined issue as re; their 
wT to the future, appear from your article to have 
been intended to apply only to the past. I am glad to see 
you take as hopeful a view of the future as I do myself. 

am, Sir, you obedient servant, 
Henry Rosrnson, M. Inst.C.E. 

7, Westminster Chambers, London, 8.W. 

March 5, 1878. 





To THE EpIToR oF ENGINEERING. 

S1z,—Your article of the 1st inst. is so kind and friendly 
towards myself that Iam almost ashamed to pick any 
hole in it, but, Sir, there are one or two statements 
wards the close of the article against which I must most 
earnestly protest, not because they affect myself, but be- 
cause they give an inaccurate view of the question to whi 
I have devoted so much time and labour. 

You say “our readers may easily trace the causes of 
failure. 1. In every case expectations of profit were 
entertained that had no basis in fact..... 4. In each 
case there was the common error of expecting the same 
results from different kinds of sewage.’ previously 
yon state that “both chemistry and engineering have 

therto been baffled by the question.” 

I appeal to my chemical colleagues on the late Committee 
of the British Association, to whose invaluable labours 
gon appreciated abroad than at home) you allude, and 

know that they will tell you that the above remarks 
are founded upon a complete misapprehension of the cause 
of my disastrous losses on the Romford farm. 

Those losses had nothing to do with chemistry, nothing 
to do with engineering, nothing to do with “‘ want of pro 
attention to expenditure, staff, machinery, and material.” 
The cause was the simplest of all i ble causes, and 
there was one cause only. I did not receive “ all the sewage 
of the town of Romford.” Iwill not raise the points still 
sub judice, but I may mention that in spite of a slip of my 
ee ae ——— of my a with the Homford 
Board, pe to recover a my losses in 

of portion y 


eens Seat, - Me anon 02 
to- poont engines have wor far more 


could 
diture, wad hie plan 
to be, Sir, your obedient servant, 
W. Hors. 


COMPOUND ENGINES FOR GAS WORKS, 
To THE o¥ ENGINEERING. 
Si1r,—In your 


is a letter on this signed hos seeplicg se 
isa on su Y enced sup. 
but a 





am quite prepared tain the 
in the choice, the deliberate choice, 
for gas works t all hostile criticism. 
Fortunately t is no necessity on 
in hypothetical estimates such as ‘‘ 
in your pages as to the relative cost and ad of the 
two classes of ines. I say hypothetical, for figures 
given are so ifestly untenable, that itis unnecessary for 
me to dissect them even had Messrs. Donkin not exposed 
their pao, reciee the item of the engines, ‘ 
uts down . for the high-pressure engine, and . 
or the compound. Mamas ia ep peers i work up 
to 60 indicated horse power, but not say that the 
compound will work to 90 horse power indicated—this omis- 
sion alone destroys the value of the comparison. 
But to come to ical working, com; engines 
no new thing at the South Metropolitan Gas Works. That 
ommeny was, I believe, first to introduce this of 
engine for driving gas exhausters, &c., in 1865, and the 
result has proved eminently sa’ . 
Prior to that date the company 
engines—one beam and i 
boilers 20 ft. long and 5 ft. 6in. in diameter, the inten- 
tion being that only one boiler, and of course one i 
should be at work. The boiler power gradually 
insufficient ; more e ive fuel was used: an extra man 
was put on to pe a to the firing ; and at last, in the 
winter of 1864, we were compelled to work both boilers i 
peg me 3 cam LE a, 
n » & compo e " 
and Amos, was erected, and this ee 
that in 1866 another compound beam engine by Middleton, 
was erected, the result being that the consumption 
nn oh onee reduced jpeenne Fo appre 
e “pressure ere Was NO 
rovide an additional boiler until the work amounted to 
ouble what it was in 1864 at boiler continuing fot 
seven or eight years to give all the steam that was 
even in the depth of winter, I should say that the 
the demand for 
‘ore. Asto the em- 
driver and a fireman, I should be compelled 
Bad ap gto works of this a under 
stances. -pressure engine, wo 
aman, and not a lad, as fireman. ‘‘ ‘ ,” 


li 


a3 


which was ter 
ployment of a ¢ 


require 
’ in his 


estimates, omits altogether this question of , 
Now, for pean the i aotite ht a rh sete 
beam ine was rai com fica. ted, and it, might re- 


quire a ski engineer to drive it, but this fear was alto- 
gether belied in practice; the drivers are‘and Al have 
n men who be as labourers ‘and in the last thirteen 
years seven or eight men of this class have been 
a a eepeally 5 ay Tare peeves Pelz ual to the work 
at all times, so tha the question of wuphoying & skilled 
2 has never once been mooted by any one connected 
with the works. ‘ 


f years’ experience with compound engines, 
succoating to aboat fifteen ress “experience perience ‘wish Ligh; 
su abou ears’ experi ° 
. that the com 


: 
i 


high pressure ; oe es given far less trouble, have 
never shown that a ski engineer was required to dri 
them, eer worked with far less oy have enable the 





work to be done with about half boiler power that 
would have been needed by sis on engines. 
ours . 
Gzoreex Livzsxy. 
To THE Epiror or ENGINEERING. 

_ Srz,—Your A . B. Donkin and Co., 
in a letter published by you in your last week’s issue u 
the above su cost of boiler 


say tha - 

, &¢., is left ont in the letter you did me the honour 
that this 

vourable 
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confer a great favour upon many of or 
iculars as to their size, cost, and —, 
The power required > work hy two 150, 

the high-pressure horizon i ing i 
dA indicated horse | ay wl (the allows 2 Lorse power 
for working engine alone), fuel breeze 10.5 1b. per indicated 
horse power per hour equals 3461b. per hour ; this is not 
too much for a man to do and look after engine and ex- 
By te densi ine described b ith 

n the com condensing engine descri you wi 
shafting, &c., requires 41 indleated horse power (ths allows 
10 horse power for working engine and shafting alone), as 
per your Tables; fuel breeze 4.41b. per indicated horse 

wer per hour equals 1801lb. per hour. Now, whether 

the first or last of ese amounts of fuel have to be put into 
tho furnace per hour, practically makes but little difference 
to the man in charge. - 

It is the value and quantity of machinery entrusted to 
the attendant of the compound ing engine, with 
overhead shafting, &c., as shown by your illustration, that 
causes the extra man to be required for stoking, and, as 
before pointed out, men who are skilful enough to attend 
the compound condensing engine will not do stoking, and 
if for economy the man is forced to attend to both, any one 
can easily foresee the disaster that must eventually occur 
with a high-speed compound engine, higher spootea shaft- 
ing, and the exhausters with pumps, &c. ‘ 
m4 vi the subject of exhausting gas, unfairness was 
not present to my mind, either to one or the other class of 
engines, but oa the must suitable engine for that 
purpose, taking all the surroundi of a works into 
consideration. In the paper read by Mr. Woodall, and re- 
ferred to by your correspondents, the consumption of coke 
is put down at 12.51b. per indicated horse power per hour 
in one trial, and 10.2 1b. per indicated horse power per hour 
in the earlier trial. Evidently something was wrong with the 
engine when using the 12.51b. per indicated horse power 
per hour, and it is scarcely fair to make a comparison of 
an engine in the best possible condition with one which is 
shown to be very much out of order. 

The figures taken by me for consumption of fuel and feed 
le from your — peper, i are = 
pis r’s rr sti ‘ou wi iow space for 
the insertion of this letter, ant hoping that nothing has 
come from my upon this subject that is not perfectly 
fair criticism of what you made public property in publish- 
ing the results of trials at the South Metropolitan Gas 
Company, and quelling your remarks upon the subject, 

remain yours truly, 
MANAGER. 


H 








BRANFILL’S EARTHWORK MEASURER., 
To THE EpriTor or ENGINEERING. 
apg ey ap part of the di in Fig. 2 is not 
new ; it was desi ag, ane zonsenge Mr. William Bell, 
then an assistant of Mr. Brunel, and was published in 
Adcock’s Engineers’ Pocket-Book for 1857. 
Yours truly, 
Victoria-buildings, Temp} Birming a 
ic - , Temple-row, . 
March 4, 1878. 





A Tramway ror Sypnry.—A Bill has been introduced 
nto the New South Wales Parliament to authorise the 
establishment of a tramway for Sydney. The a 
objects of the proposed Bill are to empower the Sydney 
‘Tramway and Omnibus Company (Limited) to mak 
lay down, and maintain tramways along certain streets 
a in the city and re of Sydney ed _ 
purpose of working omnibus cars carriages, and other 
vehicles, by horse, steam, or other traction. 


Great WESTERN RarLway.—Owing to wantof sufficient 
accommodation, some extensive alterations are about to be 
carried out in the Paddington Station. A contract has 
been let for some portion of the work, which will be pushed 
on as rapidly as possible, in order that it may be ready for 
the summer trafhic. The new lines and subway between 
Westbourne Park and Bishop’s-road stations are approach- 
ing com The Netherton and Halesowen Railwa 

be ready for opening in a few days. This line will 
afford a new route between Birmi and Dudley. 
The works of the Blendley and Kidderminster Railway 
have been completed, and this line is now ready for inspec- 
tion by the Board of Trade. Good ae © being made 
in the construction of a branch line into Stourbridge. A slip 
over the Merthyr tunnel is to be repaited as early as possible. 
In the meantime, by arra: t with the Taff Vale Com- 
bebween erthyr and Neath is carried 

way of Aberdare. A vote of the proprietors has 
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BALANCED SLIDE VALVES. 
To THE EDITOR OF ENGINEERING. 

Srr,—During the past four years I have been occupied 
with iments on the much-vexed question of balanced 
slide valves, and I now invite the attention of your readers 
to some details of a patent I have recently taken out by 
which I trust a happy solution of the difficulty may be 
accomplished. 

The simplest and most feasible scheme ad ges pms has 
been the displacement ring. The remo of surface 
pressure from part of the back of the slide (the circular 
area in its centre covered by the ring) is however accom- 
plished at the expense of friction against the inner surface 
of the steam chest, and there is a further and fatal objec- 
tion that dry steam at a temperature of say 300 deg. 
speedily corrodes the india-rubber or other material of the 
ring, causing leakage and virtually rendering the preven- 
tive useless. I claim for my scheme the additional advan- 

, that it supplies an easy and self-working system of 
lubrication, an advantage by no means to be overlooked. 

On reference to the subjoined drawing, which is a ver- 
tical section of the apparatus, it will be seen the main fea- 
tures are the addition of a cylinder and column, the latter 
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¢ ry > by. poe < @ conical om. The valve 
ches at its upper an opening B, which is im- 
mediately over the exhaust port. This opening is sur- 
mounted by a nical steam chamber D ; —¥-y 
lower of this chamber is bolted down to the valve 
chest A, and the upper pert is also flanged to admit of the 
shallow cylinder E being fitted thereto. The open part of 
this cylinder is furnished with a piston F, the upper face of 
which is open to the atmosphere, and its periphery is 
maintained perfectly tight by means of the leather collar 
G, or any suitable piston packings that preferred being 
similar to the cup leather of a hydraulic pump. The 
leather is bolted to the underside of the piston F, and is 
then bent downwards at a right angle, so as to press 
against the inner face of the cylinder E; this k the 
junction of the piston tight. A short piston rod H is sus- 
pended Smee pag Be angie ane iston F ; this 
hrough a stuffing-box or in the bottom 
of the cylinder E, where it is ati by a link K. The 
link is connected by a pin joint at the upper end to the 
oes and at the lower end it is secured to lugs on the 

k of the slide valve L. By‘means of this arrangement 
he valve is free to swing to and fro as if it formed a portion 
of a julam. ordinary ralve rod M passes through 
o pnnd Sot Bo cul of the valve ber A in usual , 
The cylinder E communicates at its lower part with the 
er that this should form a coil or 
ber. It terminates in the 
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SPAR LOCOMOTIVE TORPEDOES. 
(For Deseription, see Page 208.) 









are kept full of oil, glycerine, or other suitable liquid, 
which acts as a spring on the piston F, and through it on 
the valve L. The lifting of the piston F, by which the 
wa a of the valve L upon its seat is regulated, is obtained 
y the admission of the steam through the syphon P con- 
trolled by the cock, as shown. Thus the syphon pipe 
serves as u reservoir or magazine to insure at ah times a 
constant supply of oil to the cylinder. The oil or other 
finid is supplied to the cylinder E from time to time 
by means of a feed cup, so that the quantity contained in 
the cylinder and coil may be regulated as required. 

me bpm of a simple mechanical adaptation the system 
can be applied with equal ease to vertical and other engines, 
and the fluid Yom can be arranged at any convenient 
distance from the valve chest. 

The main results of my improvement are thus summed 
up: As the slide moves to and fro over the ports a certain 
amount of motion is imparted through the links to the 
piston F, and the fluid beneath it acts as a self-adjusting 
elastic diaphragm, allowing the utmost freedom of motion 
to the valve, it having only just sufficient counterbalance 
to keep the ports steam-tight, thus effecting an important 
economy of power as well as reducing the wear and tear. 
Secondly, a partial condensation takes place where the 
steam meets the oil in the syphon pipe, and the small 

uantity of water so produced falls by superior gravity 
through the oil, lodging in the bottom of the bend. In 
this way a small quantity of oil is constantly forced over 
by displacement and falling into{the steam chest acts asa 
lubricant. The novelties claimed in the patent are the 
arrangement and construction of the parts forming the 
balance valve, and the method of using a hydraulic or 
fluid spring removed from the common dangers of accident 
and corrosion. 

I am, Sir, your obedient servant, 


STEPHEN GILMAN. 
27, Queen’s-road, Erith, Kent. 








THE PHONOGRAPH. 
To THE EpIToR OF ENGINEERING. 

S1z,—During the reading of Mr. Preece’s paper, at the 
last meeting of the Society of Telegraph Engineers, it oc- 

to me that while the phonograph is yet young, it is 
of the greatest importance that a standard cylinder should 
be approved of, say by the Society. I would suggest 5in. 
in diameter, with a groove one-eighth pitch. 

The length of the cylinder is of less moment. 

Otherwise, imprinted foils, received by pot, may overlap, 
and part of the communication be lost, or for other reasons 
rendered useless. 

Tam, Sir, &c., 
EVERARD R. CULTHROP, 

Blackheath, March 11, 1878. 





Tue Netson.—The Nelson, armour-plated double- 
screw ship, was taken in the Channel on Saturday to try 
her engines at half-boiler power for four hours, under the 
superintendence of Captain Carne, of the Reserve, Mr. J. 
Oliver, of the Admiralty, and Mr. J. Cory, chief inspector of 
machinery, and officers of the steam reserve. The engines 
were in charge of Mr. Dunlop, of the firm of Elder and 
Co. The results were as follows : First half-hour, revolu- . 
tions 63.8, indicated horse power 3157 ; md half-hour, 
revolutions 62, horse power 2929 ; third ‘hour, revolu- 
tions 63.9, horse power 3052 ; fourth half-hour, revolutions 
64, horse power 3112; fifth half-hour, revolutions 63.8, 
horse power 3072: sixth half-hour, revolutions 63.8, horse 
power 3117; seventh half-hour, revolutions 63.7, horse 
—_— $117; eighth half-hour, revolutions 63, horse power 

. The results were, mean horse power 3080; con- 
sum - tag Tg a — Leng i 
nal ship, 12. lb e wor! , 

- age hot bearings 


i ; th i of 
satisfactory manner ; there were no signs Of the te 


of any kind, nor were the s 
boilers six were used. In a similar trial of the North- 
umberland the horse power was 2990 ; consumption of coal, 
1.99 lb. wer ; speed of ship, 12.10 knots; the 
~ pom "fine Nelson has two eylinders, 

0 , 
60 in. in di sand the 


and attained greater & 
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THE “INFLEXIBLE.” 
REPORT OF THE COMMITTEE. 

(Continued from page 172.) 
Ir remains to be considered whether it is admissible to 
dence at all on other provisions 
a ship-of-war than that of armour alone, 
the extent to which that is done in the present case, a 
has been maintained, so that it cannot be said 
that the vessel runs more risk of destruction in respect of 
one than of the other. 

So long as the use of armour on ships-of-war is continued, 
its thickness must be determined with reference to the 
ry existing or in prospect. From the first 
etween the armour and the guns has 
caused both steadily to progress in size, and it is possible 
that the naval architect might have more promptly recog- 
progress of this contention, and, jud 
the future by the past, with each new ship placed hi 
more completely ahead of existing artillery. A bolder pro- 
gression in the increase of armour would have saved 
us many of the vessels which now only mark the costly 
steps by which we have reached our most recent types. 
Hitherto no sooner has the architect turned out an iron- 
lad with an added inch or two of armour than the 
artillerist has produced a gun of power increased to match 
i t experience points, then, to the necessity of 
in armoured defences a 
large margin to meet the inevitable growth of the power of | § 


of large shells or of 


ahead and providi by experiment are fo 


Targets representing a ship’s side carrying 
armour, both in one plate and tn double plates, have been 
completely penetrated by shell from existing gu’ 
us of energy sufficient to enable the same effect to be 
uced at a range of 2000 yards. Such guns, if exceptional 
now, will not long remain so. It is thus abundantly clear 
advance at once from the 12-in. armour of the 
Devastation and Thunderer class to 24 in. in the Inflexible 
was absolutely necessary, if the ship was to be regarded as 
reasonably fit to encounter even existing artillery. Already 
that thickness can scarcely be relied on to keep out a single 
rojectile from the heaviest existi 
eaves little or no margin for the further growth of guns, 
or for the effect of blows repeated at or near any one part. 
It may be said that there is little chance of shot striking 
quite normally to the surface of the armour or at the close 
quarters of target practice, but the fact is not perhaps 
sufficiently known and appreciated that no ironclad carries 
its maximum thickness throughout the whole surface pro- 
tected. The less liability of certain parts to be hit directly 
or at all, and the minor importance of certain of the pro- 

is li ay discounted in all ironclads by re- 
ducing the thickness at such 

Admitting, then, that the armour to be effective must be 
of the unprecedented thickness of 24 in., the next considera- 
tion is whether the type of vessel des 
this is the best that can be devised by 
rience of the subject. 


guns; it certainly 


ed to accomplish 


armour of great 
thickness its area must be restri to the narrowest 
possible limits, otherwise the armour would involve a size 
of ship too enormous to be considered for one moment as fit 
for war purposes and war risks. i 
the armour in the Devastation and Thunderer type is 
already cut down to a mere belt at and about the water-line 
with a central citadel rising from it to cover the motive 
power, the armament, the boiler uptakes, and the ventilating 
shafts. Inspite of this limitation of the armoured area, 
these ships have a displacement of no less than 9000 tons. 
Their armour is, as stated, 12 in. thick. To apply armour 
24 in. thick over the]same parts in the Inflexible, 7.¢., both 
over the cidadel and as a belt, would alone add 2000 tons to 
its weight ; but to carry the increase of weight, more dis- 
lacement would be required ; 
rger surface to be protected by the armour, hence 
greater weight of armour, greater power and weight of 
engines and of coal, of stores and of structure, all of which 
additions act and re-act on one another in a cumulative 
manner, to increase enormously the dimensions of the ship. 
Even as it is, the displacement of the Inflexible is from a 
third to a fourth more than that of the Thunderer. 
every ground it is undesirable to make a 
increase of the dimensions of ships-of-war, and i 
alternative could be found than an increase of size, it is 
probable the attempt to make so great an increase of armour 
as is attained in the Inflexible 
abandoned. It was necessary to look for some new com- 
bination instead of merely extending the use of old ones, 
U ink it was wise to look fora solution of the 
difficulty in the direction which had been oo —_— 
as ap y ollowing 
, 187 


nflexible is built to carry 
, and the addition of water to fill the interstices of 


Following this principle, 


namely, by a 


hence a larger ship and a | th 
also | has in reality a most essential 
Time, more or less, according to the amount of destruction 
of the walls of the compartments, would be required for the | less 
water to establish its natural position of ilibri to them. 
throughout the interior of the ship, and until It may therefore be 
80, it gives to the ship a righti 
assigned to it by the curve of stability. When the com- 
ments are partially wounded, so that water can 
, the inclination of the ship causes 
the internal water to flow from the compartments on the 
high side to those on the low. Ti 


water is acting as a righting force, 

Tr heed netcinel the ba ae ition, in short 
locked, but more than if it attained the 
equilibrium which it is seeking. On the return roll 
will be, in virtue of the flow which has taken place as 
scribed, an excess of water on the rising side 
roll with a greater righting force than if 
tained its original position in the ship, or had 
locked. A good idea of the nature 

liar Er enone suninet te ; 
ro! or experimental purposes running 
bodies of men from side to side. 

Fp rohan > ar a causes < Borge iey Lae ship 
possess in all cases a rig power 
calculated curves assign to her, and the 
excess will only be obliterated by slow degrees, as the 
me and more numerous. The effect 

be in a high degree when the forces are 
alternate, as in the case of waves. 

The gradual obliteration of the bulkheads and internal 
structures will of course include an infinite variety of 
; though, even when the ship has reached the 
and gutted condition, some portion of the action we 
have described will still remain, and there 
up with it another condition, due to the free motion of 
and which has also a remarkable 


e two conditions, and 


m one side to the ot 


would have had to be 


by the Committee on Des 
extract from their report, July 26. 

**Even assuming that absolute impenetrability to shot 
proves to be unattainable, it is still our opinion that the 
time has not come to throw off armour altogether, but that 
it is necessary that the first ranks of our ships-of-war 
should continue to carry armour of as great resisting power 


ble. 

“ Before quitting this part of our subject, we desire 
to remark that, although, as before poin 
serious difficulties in the way of in 

terial extent the thickness of armour 
manner to sea-going ships, viz., in the 
belt around the ship from stem to stern, at the water-line, 
besides local protection for guns, men, 
means certain that some method may not be devised of 
te oumeve of buoyancy 


will actually 
of that which the 


orm of a complete 
&c., it is not by any 
woe 
the armour might be diminished, and its thickness 
would then es a a very strongly-plated 
oured raft constructed acu 


water within the ship 





effect in diminishing the ship's rolling. 


* To draw the line strictly 





taining some buoyant substance, such as cork, whic 
i y material resistance to the passage 
es, would not be deprived of its buoyancy by pene- 


‘In the absence of any practical experience of the effect 
oes upon such a structure as 
hich we have in view, it is impossible to 
confidence that the object aimed at would be thus ati 
but if it were, consequences of so much importance 
value would follow, that we think it right to im 

line of inquiry as worthy of experimental in . 

In the Inflexible the belt of armour at the water-line, 
i ing carried right round the ship, is limited to the 
central citadel, which occupies about one-thi : 
of the ship. Of the other two-thirds forming the ends of the 
vessel, the greater portion of that part which is under 
water is isolated from the superstructure, and its buo; 

red as against artillery by a shot-proof deck p 
from 6 ft. to 8 ft. below the water-line. 
proof deck at a level a little above the water-line comes 
the middle deck, and the entire space between the two 
decks is divided into compartments arranged partly to carry 
coal and partly stores, packed in water-tig 
forming further sub-divisions of the space. Next the sides 
of the ship the compartments are about 4 ft. wide, and are 
filled with cork, and inside this again are compartments 
2 ft. wide, filled — he of canvas and oakum, which 
to partially close holes made by 
check the flow of water. 
The cork and canvas compartments are carried above the 
main deck 4 ft. and 2 ft. res 
structure is completed to the le 
and flush with it by an upper deck 
length of the vessel ; the 
accommodation for officers and crew. 
he ship thus consists of a central armoured citadel, 
rising well out of the water, and of two submerged ends, 
on which are raised unarmoured structures, completi 
the form of the ship, providi , 
crew, for stores and fuel, and intended to give the requisite 
reserve of stability. 

So far as mere flotation is concerned, while the armour of 
the citadel and the shot-proof decks remain unpierced, the 
water-logging the end superstructures only takes effect 
in immersing the vessel more deeply. 
supplies the additional buoyancy i 
is sufficient margin of displacement in it above its normal 
water-line to meet not only the water-logging of the ends, 
but even the entrance of a good deal of water at the 
bottom of the ship. 

As regards the effect on the stability, it must be borne in 
mind that filling compartments with water has 
same effect as filling them with coals, or any other ma- 
terial of about the same specific gravity, as cargo, so long 
as the water is “‘ locked,’’ 1.e., not free to move. 

In that case the water is merely 
rises and falls with the ship. 
only affected to the same-extent as it would be by 
with any cargo of the same weight as water. 
coals and stores in 


through and to 


and stores and occupy the small re: 


adds nothing serious to the — In fact, t 
under these conditions, i.e., wit 
abundantly sufficient both in range and amount. 

In the case under consideration, viz., of water admitted 
to the compartments by apertures produced by artillery 
fire, the ship’s stability ee ay in the us 

ility,’’ would be v. 
reduced, and in the extreme case of riddling an 
would be most seriously so, but this reduction of 
cannot be regarded as fully operative unless we neglect the | gular 
comparative suddenness or shortness of time during which 
inclining force may operate. This shortness of time 
bearing on the question. 


“ec 


curve of sta) 


ve 


difficult a task to 
effects 


Over the shot- 


to that time obtained ; 
mally es by et 


ively, and the super- 
of the top of the citadel, 


above the middle deck afford- 


liberal space for officers 


The central citadel 
uired, and we find there 


i ide indeed. 

That Committee, however, did not 
question should remain hampe ry 
solution, and a farther recommendation of t 
led to the initiation of a series 


heirs 
by the direction of the Admiral! 
hich rn this kind of resis ; god ease 
ight thus thrown on the subject, the who 
ling has si hen been greatly extended 
has now become possible, when the resisti 
these ow ship re i 
exactness 
the ship will exhibit und 


, and, as such, 
The stability of 


water locked, would be 


orce greater than that 


Till the flow is complete, the 
less, it is tru i 


Bs 


the action may 


will have grown 
the 





Committee as to the 
qumasted ships of low freeboard (a 
u ble in a damaged 
admittedly does not conform) was framed without 
of the condition referred to, and thus the 


stated, largely on the safe side. 
a ~ 4 eae 9 not pr nen _ the 

ships’ rolling, importance con! 
thrown out of the my oe by that 


sta’ 
ut for the operation 


f 
on her beam ends when exposed 
few broadside waves of not exceptional 


taking 
ng. 


dition thus 
can 


tablished ™ 
of this condition, @ 


ald 
to the effect of a 


the 
coincide with the ship’s 
i in that, on 


this provisional 


or: 


of experiments, ‘orm: 
i in elucidation of the laws 
help 
» 80 that it 


, to predict with 
r of rolling which 
er the action of any assumable 
= or irregular. , 

soundness of the mode of treating the question here 
referred to has been tested by compari 
those obtained in an extensive series 
Devastation under very varied ci 

automatic records were obtained of the actual rolli 


which made her roll, in 
waves of considerable 
A large selection of the most 


its results with 
sea-trials of the 
circumstances, in which 


rolling 
and s s of the waves 
vail arieties of broadsi 


roll under given - 
i to 


“f comiiiasae ease he shi: 
1 the shi 
observe what is called her “‘ rate of extinction”’ when ood 
say, the rate at which her 
instituted in still water, is ex- 

the , or, in other 
» of each successive 


“of & ship which i 
as Ww. is 





and too 
aie 
with thane of te 

resistance 


Com 
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HORIZONTAL FANS FOR FEEDING FURNACES. 


Fig .2t. 
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| HORIZONTAL FANS FOR FEEDING 
FURNACES. 
| By Joseru J. BurcHer, 
(Continued from page 179.) 

VARIOUS means may be used for givitig to the fans - 
the variable oe of which we have explained the . 
advantages ; but the arrangement preferred by the 
writer is shownin the annexed engravings, Figs. 18 
and 19, By its means the speed is differentiated 
directly through the action of the governor, both its 
range and period being under control, This plan has 
the advantage of extreme simplicity, as the single 
piece of gear used to vary the speed of the driving 
engine is of course sufficient, however numerous the 
machines that are driven therefrom. It will be seen 
that the parts are few and simple, and not liable to 
get out of order. Fig. 18 shows a donkey engine, 
the motion of which is controlled by a Tangye 
governor. This governor is driven from a p' oy 
which runs loose upon the crankshaft, but whi 
has rigidly connected with it a hollow spindle, 
running loose upon the engine shaft and retained 
in its position by means of a collar, This hollow 
spindle is driven by a friction wheel, through a sunk 
key shown, the friction wheel being free to slide 
along this key with the motion of the gear. Sliding 
on a key on the engine shaft is another friction 
wheel of the same diameter as that just mentioned ; 
and bearing on the two friction w , and thus gear- 
ing them together, is a friction disc mounted on a 
vertical shaft as shown. It is evident therefore 
that the relation between the speed of the governor 
and that of the crankshaft depends upon the 
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relative distances of the two friction wheels above 
referred to from the centre of the dise which 
connects them, and that if these wheels, which 
though free to turn independently of each other 
are coupled by the fork, are reciprocated along the 
crankshaft over the face of the disc, a fast and slow 
motion in regard to the engine shaft will be com- 
municated to the governor, the reflex action of 
which will in turn give the required differences of 
speed to the engine, and these differences may be 
regulated both as regards period and velocity by 
adjusting the traverse in time and extent of the 
friction wheels across the face of the disc, The 
traverse of the friction wheels is effected by the ad- 
justable disc crank, which is driven from the crank- 
shaft through the worm, worm-wheel, and pinion 
shown in Figs. 18 and 19. 

An arrangement of machines combining the advan- 
tages of differential speed with automatic coal supply, 
together with a compactness and simplicity rendered 
possible by combining all the separate feeders into 
one united system, is shown in Figs. 20 to 26, 
adapted to a range of Lancashire boilers having the 
same centres as those at Seghill Colliery. The 
engine and driving gear will be understood from 
previous designs we have illustrated. The worm, 
the structure of which is similiar to that shown in 
Figs. 2 and 3, on page 118 ante, draws its supply 
in this case direct from the coal bunker, which is 
—_ arranged for the purpose. The coal slides 

own at its angle of repose, in the manner with 
which we are all so familiar, and which gives such 
facility to the use of the shovel. As the coal is 
withdrawn by the worm more falls over it, but it 
is never buried deeply in fuel, and as the thread at 
this part has a much slower pitch than that of the 
body of the worm, the latter portion is kept very 
lightly loaded. This, as we have previously stated, 
is essential to avoid choking. Perhaps of all plans 
to obtain a constant flow of coal from a bunker, this 
one of large side openings is the most efficient, and it 
has the advantage of leaving the coal always in 
light quantity towards its margin, a matter of consi- 
derable importance where a worm is to be used, From 
this bunker the load of coal withdrawn is passed 
alternately over each of the machines until it ex- 
hausts itself at the last one. The mye of the worm 
and therefore the amount of coal being brought 
forward, is controlled by means of the striking gear 
and cones, shown at the right-hand side of Fig. 20. 
The driving shaft of the machines is hung in 
bearings at the back of the worm case, as shown in 
Figs. 21, 22, and 23, and drives the fans of each 
machine through bevel wheels and pinions, Figs. 2] 
and 22, These wheels are made disconnecting by 
means of the lever a, Fig. 22, so that any pair of 
fans may be stopped without deranging the rest of 
the gear. If desired the fans may be removed from 
the box altogether by taking off the bottom 4 4, the 
whole operation being effected without in any way 
interfering with the action of the other machines, 
The fire-doors are of the usual swing type, giving 
the utmost ease in working the fire. The manner 
in which the coal is withdrawn from the worm is 
shown in Fig. 23. A is an aperture in the bottom 
of the worm case, through which the coal falls upon 
the plate below. B isa rocking ram of segmental 
form, adapted specially for use with the worm, and 
forcing the coal gradually in any required quantity 
over the edge C on to the fans, which in turn 
distribute it over the fire in the manner described. 
This ram is driven through a crank d by a hanging 
eccentric ¢, shown in the enlarged views, Figs. 24 to 
26. In these latter figures A is an eccentric having 
1} in. throw, and made in a very substantial manner. 
At the bottom end of the cast malleable or steel rod 
B two lugs 4 4, Figs, 24 and 26, are formed, carrying 
centre pins turned upon them, and connected by the 
rods ¢¢ ¢, with fixed brackets and eyes //, Figs. 24 
and 25. Thus when the eccentric A is in motion, 
the rod B moves — up and down upon the fixed 
centres //. The crank C, Fig. 25, which drives the 
ram shown in Fig. 23, is connected by means of the 
eccentric rod D, Fig. 24, with the adjustable centre 
E, This centre is attached toa block F, Fig. 26, 
which slides freely within the groove [rod shown, 
and is in gear with the hand-screw G, Fig. 24, 
by means of which its ition can be regulated. 
If, then, by means of this screw adjustment the 
centre E is made to correspond in position to the 
centres of the lugs 4 4, it is evident that as the 
various rods have the same length, the centre of 
the crank-pin must correspond with the centres 
of the brackets //at all times, and must. there- 
fore itself remain fixed, If, however, it is 





raised to the position shown in the figure, it obtains 
a motion slightly in excess of the full traverse of the 
eccentric A, and the nose of the rocking ram B has 
a throw of 3 in.—far more than is ever likely to be 
required. Of course any desired length of stroke 
between these extremes may be obtained by suitably 
adjusting the block F. The position of this hanging 
eccentric rod upon the shaft may be seen in Figs. 2] 
and 22. Of course the whole of this gear is con- 
stantly changing in speed with the motion of the 
engine, but this does not in any way affect the 
certainty with which the feed can be regulated, as 
the same number of strokes will always be made 
within the period in which the speed of the engine 
is being varied. 

We may remark before quitting this subject, re- 
ferring to the elevation, Fig. 20, that all the moving 
parts are behind the worm case, and that in this 
arrangement there is an almost total absence of 
visible motion, all that can be seen in front being 
the slight reciprocation of the crankshafts. The 
only parts going at what may be considered a quick 
speed, and therefore likely to show wear, are the 
fan spindles and wheels, and these are strengthened 
to suit the circumstances, There is no reason 
why, with care, this machine should not last for 
many years without derangement. The speed at 
which the worm is required to move is very slow, 
being from 25 to 30 revolutions when supplying 
fourteen furnaces. 

Mr. Rankine has said that “scientific progress in 
the mechanical arts takes place, not continuously, 
but in intervals, often distant, and by great efforts. 
When the results of experience and observation on 
the properties of the materials which are used, and 
of the laws of the actions which take place in a class 
of machines, have been reduced to a science, then 
the improvement in such machines is no longer 
confined to amendments or enlargements in detail 
of previously existing examples; but from the 
principles of science practical rules are deduced, 
showing not only how to bring the machine to the 
condition of greatest efficiency consistent with the 
available materials and workmanship, but also how 
to adapt it to any combination of (circumstances, 
how different soever from those which have pre- 
viously occurred.” It is through this stage that we 
are attempting to thrust the obscure machine under 
consideration ; we are adventurous enough to think 
that even ‘ mechanical stokers” are susceptible of 
legitimate scientific treatment, and to this end we 
shall still further encroach upon the patience of our 
readers by somewhat minutely considering another 
of the conditions of their action. 

(To be continued.) 





CANADIAN RAILWAYS.—No. II. 

Tue first railways in Canada were in the neigh- 
bourhood of Montreal, the earliest of all being the 
Montreal and Champlain, which was opened in 
July, 1836. This line extended from St. bert, 
near the south end of the present Victoria Bridge, 
to St. John’s, at the foot of Lake Champlain, 
20 miles. But so slowly did railway construction 
progress, that fourteen years afterwards there were 
altogether only 58 miles opened in all the provinces, 
the lines to St. Hyacinth, from a terminus on the 
St. Lawrence opposite to Montreal, and from that 
city to Lachine, having been opened in the mean- 
time. These three roads are all now absorbed in the 
Grand Trunk system. In May, 1870, a short road 
of 12 miles from Lanorie on the St. Lawrence to 
the little village of Industrie, also in the Province 
of Quebec, was completed, and these four railways, 
only 70 miles in length, were all that were produced 
in eighteen years. It is remarkable that in these 
earlier charters, the chief care of the Government 
seems to have been not so much to render any 
assistance to the new enterprise, except in granting 
to each company its corporate powers, as to control 
the enormous profits that were expected to arise 
from their construction, and every one of them con- 
tained restrictive clauses, whereby the excess over a 
fair dividend, say 10 per cent., should in some way 
or other be taxed or reduced for the benefit of the 

ublic. 
Up to this period, railways in the other provinces 
of what is now Canada, had not been actually com- 
menced, except in one instance, the St. Andrew’s 
and Quebec, the first attempt at a long line, but 
no part of which was opened until some years after- 
ards. 


Wi \~ 
The railways that were constructed at this time 
were of a very flimsy description, consisting of bars 








of iron of about }in. in thickness, spiked down to 
longitudinal timbers laid down on the ground, and 
tied together about every 10 ft. with cross-ties or 
sleepers. The weight of the ‘ strap” rail was 
seldom over 12lb. or 141b. to the yard, and the 
spikes were driven through holes punched in the 
iron bars, and afterwards countersunk. These rails 
had a nasty habit of curling up under the weight of 
the wheels, especially of the engine as it passed over 
them, drawing the spikes out of the timber, and 
when these raised ends abutted against the carriages, 
the result was not unfrequently the oe of two 
or three poaca, as the ‘snake ” crushed 
through the fragile woodwork. The engines weighed 
from 5 to 8 tons, and were principally imported from 
Dundee, and the rest of the equipment was equally 
light and temporary with the roadway. 

The working profits of these railways were not so 
excessive that much encouragement was given to 
their extension, and it was soon found that to induce 
the construction of railways special legislation, and 
apo J assistance from the Government in one 

orm or another, were necessary. 

In 1849, when the mania for railways in almost 
every other country had passed over without pro- 
ducing any corresponding excitement in Canada, an 
Act was passed, ealled the Guarantee Act, to en- 
courage the construction of railways, empowering 
the Government to aid any railway over 70 miles 
long by guaranteeing six per cent. upon one-half of 
its total capital, the Government holding a lien over 
the entire property for their advance, the company 
to pay the interest half-yearly, and asinking fund of 
three per cent. to pay the principal. This was de- 
clared in the Act to be the best method of extend- 
ing assistance to companies engaged in the construc. 
tion of railways, and it is the first time that any 
general principle is laid down, or any policy enun- 
ciated; but although the preamble recited that 
Government assistance was necessary to secure the 
requisite capital, it does not appear that there was 
any expectation that this guarantee of the interest 
on the bonds would be anything but a merely 
nominal endorsement, to which the company would 
have ample means to respond when the coupons 
arrived at maturity. This Act called into existence 
numerous projects for railways, most of which were 
absorbed in subsequent legislation, and the Great 
Western is perhaps the only one really due to this 
measure that reached maturity. 

In 1851 an Act was passed to make provision for 
the construction of a Main Trunk line throughout the 
whole length of the two provinces of Canada ; this 
was a more liberal measure than the previous Act, 
sanctioning a loan both interest and principal of 
which were paid by the Government, but still retain- 
ing a first lien over the whole property of the dif- 
ferent companies, and making the interest and prin- 
cipal a first charge before the rest of the capital re- 
ceived anything. This Act produced the Montreal 
and Kingstown, Toronto and Goderich, and other 
lines, portions of which were afterwards the Grand 
Trunk, and ratified a previous issue of bonds to the 
Atlantic and St. Lawrence from Montreal to the 
frontier on the way to Portland. But a disturbing 
effect to all this legislation had arisen in the negotia- 
tions then going on for imperial assistance towards 
the Halifax and Quebec Railway, which was deemed 
essential both in a military and political point of view 
to the protection and government of Canada. 

In 1837 the Canadian rebellion had cost the 
British Government 5,000,000/. to put down, and 
in 1849, when peace was again rendered insecure by 
the settlement of the boundary question beween 
New Brunswick and the State of Maine, it was 
argued that the cheapest and best way to render 
the military requirements as economical as possible, 
and render all parts of the country easily accessible, 
was by the construction of the Halifax and Quebec 
Railway, which would remove the impediment that 
Canada laboured under in the winter from having 
no open sea-port, except in the lower provinces. 
This railway was to through a long, sparsely 
settled district, at that time imperfectly known, and 
it was very doubtful whether commercially it could 
be made to pay even its working expenses. A long 
correspondence and numerous delegations to Eng- 
land were the result, and during this time the ordi- 
nary legislation was delayed, waiting the issue of 
these preliminary arrangements. If the question had 
been narrowed only to the line from Quebec to 
Halifax something conclusive might have been 
arrived at, but the lower provinces, especially 
Nova Scotia, wished the imperial tee to extend 
to the line through New Brunswick to the American 
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frontier, and it was difficult to see where exactly 
it was to end, and. much irrelevant matter. was in- 
troduced into the application, which all tended to 
protract the negotiations, without eliciting any new 
arrangement, or devising any practical solution of 
the difficulty. 

In May, 1851, these negotiations were somewhat 
abruptly broken off by Sir Francis Hinckes, who 
informed the Imperial Government that he had 
reason to believe he could effect the necessary 
arrangements to construct all the railways requisite 
for Canada, on the unaided credit and resources of 
the province itself. This was shortly followed by 
contracts being entered into with Messrs, Peto, 
Brassey, and Betts, and other leading contractors, 
for railways from Montreal to Hamilton, 380 miles ; 
a branch to Peterborough and Lindsey, 70 miles ; 
from Richmond on the St, Lawrence and Atlantic 
Railway to Quebec and River du Loup, 230 miles; 
from Toronto to Sarnia and Goderich on Lake 
Huron, another 250 miles ; and several smaller lines 
of merely local importance. In the next year the 
Grand Trunk Act amalgamated a number of these 
schemes into one large concern, including the 
Atlantic and St. Lawrence, and the lease of the Ameri- 
can extension to the City of Portland; andthe New 
Brunswick Government entered into an agreement 
with the Grand Trunk contractors for their portion 
of the road, extending from Bangor in the State of 
Maine, to which a branch from the Portland line was 
then making, to the frontier of Nova Scotia, nearly 
400 miles. 

This was the commencement of the wild excite- 
ment that made all Canada from 1852 to 1856a 
busy and prosperous country. The first issue 
of Grand Trunk shares was an immense succéss, as 
the applications were four times the amount re- 
onieol. The works were in progress over the whole 
length of the line, the Victoria Bridge had been com- 
menced, the Great Western was drawing to a com- 
pletion by American contractors, the Northern anda 
number of local lines by Canadian companies, and the 
result of allthis was an inflated mad spirit of specula- 
tion, which urged on every description of business and 
industry beyond its ability to be sustained, put up 
materials to an unprecedented price, excited the 
lumbering and shipping interests to an unnatural 
extent, and finally produced a collapse which left 
the country in a far worse condition than the state 
from which it had been stimulated. Railways, it 
was thought, were not only going to raise Canada 
into the first rank of wealth and influence, but they 
were in themselves so certain to be remunerative, 
that it mattered little what obligations were assumed, 
what expensive work or how much of it was under- 
taken; the roads were certain to be so profitable that 
they would easily repay all and more than had been 
promised. 

From the extreme of doing too little in the way 
of assistance to railways, the Canadian Government 
were now ready to do too much; they not only 
granted all the legitimate facilities that could be given 
to every claimant, but they invented new systems 
of finance to enable almost everybody to assist 
in the prosecution of these popular undertakings. 
One of the most facile instruments for creating 
capital was then, as it bids fair to be again, the 
municipal system, which, dividing the whole country 
into townships of about ten miles square, constitutes 
each of these sections into a corporate. body, with 
absolute power to borrow money, issue bonds on the 
credit ef the township, vote assistance or bonuses to 
public works, or make any other financial or business 
arrangement with the same ease as a private 
individual. 

There existed then on the statute book what was 
called the Free Banking Law, by which any body or 
individual could deposit with the Receiver-General 
a certain number of Government bonds, commence 
a bank without separate charter, procure a set of 
plates for different denominations of notes, and 
claim from the Receiver-General -his signature on 
the face of these notes, intended for general circula- 
tion, to the same aggregate amount as the bonds 
deposited with him for their security, and in case of 
failure for their redemption. This law was not 
peculiar to Canada, but was at that time the basis of 
most of the banks in the Northern States, and it is 
but fair to state that but very few banks under this 
system ever did fail, and that in the few cases where 
this occurred the sale of the Government bonds, 
less expenses. of all kinds, erally enabled the 
Receiver-General to redeem the bank-notes of the 


failed bank that were in circulation, with a loss of 
only two or three per cent, from their full value. 


ah get one link more 3 yvnayrene od munici- 
ities, then intoxicated wi e prevailing mania, 
and: anxious’at all iy to ecedes telluoaip benefits 
for their own townships, with this free banking law, 
and this was completed by the Municipal Loan Fund 
Act, which came up at this time, and was a pure 
Canadian invention. The intention of My Act was 
originally more to secure good roads and bridges on 
the highways than for railway p , and the 
object was to be attained by permitting the holder 
of municipal debentures to exchange them for 
Government debentures at par, and thus give them 
a value that would enable contractors to take these 
debentures instead of cash for the work performed. 
Under the manipulation of the Canadian and 
American railway contractors they were, however, 
diverted from their original laudable intention, and 
became a means of the wildest speculation, led to 
some of the gravest mistakes that have been com- 
mitted, and brought on the municipalities them- 
selves the most serious financial distress. The law 
en the municipalities to pay 6 per cent, interest 
and 2 per cent. for a sinking fund on the amount of 
bonds loaned to them; this paid the interest and 
extinguished the debt in about twenty years, when 
the municipal debentures held by the Government 
were to be surrendered and cancelled. 

To illustrate the working of all this legal and 
financial machinery let us take a case. Two small 
towns on the shore of Lake Ontario, not seven miles 
apart, and with less than 7000 inhabitants between 
them, each desire to attract the shipping business of 
four or five saw-mills round which a Vilegs of about 
1500 people had clustered, 30 miles in the rear, and 
about equidistant from each of the lake ports in 
front of them. One of the rival towns had, it is 
true, a lake three miles wide with an average of 25 ft. 
of water to cross to secure the coveted traffic con- 
nected with the shipment of 40,000 or 50,000 tons 
of sawn timber per annum, but in those days a 
small obstruction like this was no impediment in the 
way of the rails. The difficulties “sa by 
Nature often only combine and concentrate the 
energies of those determined to overcome them, 
At all events, in this case they were not so formid- 
able as the objections and dissensions of the over- 
cautious croakers, and the line to which Nature had 
opposed no obstacles was the last to be completed. 

ith the rivalry of two closely situated shipping 
places, with no special advantage to be claimed b 
either, the obvious idea of making a common tweak 
line, avoiding the lake, with diverging branches 
to each port, was not palatable; each must have its 
own independent line to, the saw-mills, and finally 
each got it. The same contractor undertook both. 
One township voted its debentures to the extent of 
500,000 dols., the other 680,000 dols. The con- 
tractor owned or controlled two banks under the 
Free Banking Act; one received the municipal 
bonds of one of the townships, the other manipulated 
its rival’s contributions. Under the operation of 
the Municipal Loan Fund Act they were all duly 
exchanged for Government bonds; under the Free 
Banking Act they were paid back again to the 
Receiver-General, and, 1,180,000 dols. of nice new 
crisp bank-notes‘of two, three, and four dollars value 
each were available for the payment of the labourers 
and the partial construction of the two roads. Little 
or no capital was subscribed or needed to be under 
this arrangement excepting sufficient to qualify the 
directors, say 20/. or 30/. apiece, the townshi 
were the only shareholders, and when the wor 
were somewhat advanced an issue of mortgage 
bonds sufficient to complete them had in this case, 
what has not always been found, a respectable 
previous expenditure as a guarantee for their 
security. In Upper Canada alone 5,867,400 dols. 
were raised and ded on railways in little over 
two years through the instrumentality of this 
Municipal Loan Fund, and nearly the whole of it was 
a dead loss to the Government, and of very partial 
advantage either to the railways or the municipalities 
that invested it. 

In 1855 the Grand Trunk contractors were 
applying to the Government for additional assist- 
ance, and 900,000/. was ted, which, like the first 
subsidy, was made the lien on the property of 
the company. ‘The total loan was now 3,111,500/. 
The Great Western had received under the Main 
Trunk Guarantee Act 770,000/, and the N 
from Toronto to Burry, had obtained 475,000/, 
These sums were all applied for and accepted as 
loans upon which the interest and three per cent. per 





annum as sinking fund were agreed to aye: and 
which were to be a first lien upon the wholé 





franchise of each undertaking. It is but fair to the 
Great Western to say that their portion of the ob- 
ligation has been always as ) that 
large sums have been paid, and that the rest has 
been faithfully and creditably arranged. On the 
lst of July, 1867, when the confederation of the 
provinces necessitated a close examination into all 
these outstanding obligations, the amounts due by 
the three companies for interest and principal was 
33,325,044 dols., and on the Northern Railway, 94 
miles long, the debt amounted at that date to 
8,776,403 dols., or more than 40,000 dols. per mile, 
which is actually more than the whole cost price 
of the building and equipment of such a railway. 

The example of bos and Lower Canada was 
followed very yr 4 y New Brunswick, and in 
September, 1852, the same contractors who had 
undertaken the ter part of the Grand Trunk, 
contracted with the Government to construct a line 
through New Brunswick from the frontier of the 
State of Maine to the borders of Nova Scotia for 
32,500 dols. per mile, and twelve months after- 

the works were commenced. In the next 
session of the Nova Scotia Parliament, the first sec- 
tion of their railways was authorised, and the works 
between Halifax and Truro, working towards the 
New Brunswick line, were commenced in June, 1854, 
In the latter end of that year 2000 miles of railway 
were authorised or contracted for in the whole of 
Canada, and probably on half that distance the 
works of construction were being prosecuted. 

The sudden development of all this energy, the 
speculation induced in every branch of business, 
and the enormous demand for everything that 
entered into the construction of the roads, naturally 
produced an augmentation in the prices of labour 
and materials of all kinds: estimates based on the 
ordinary and normal prices werejfound to be far 
less than the actual cost; land supposed to be 
almost worthless suddenly acquired an enormous 
value ; in the face of the sudden demand markets 
were disturbed, and the contractors who had entered 
into their engagements before this appreciation in 

rices failed in rapid succession. A collapse was 
inevitable, and the crisis came with unprecedented 
severity. In 1855 the large English contractors 
were compelled to abandon all the works in New 
Brunswick and the Peterborough section of the 
Grand Trunk, whilst to save the rest of the works 
from coming to a standstill, the Canadian Govern- 
ment was obliged to give up the first lien they held 
over the works for its advances, and to allow the 
company to issue such an amount of preferential 
bonds as would complete the line. From that time 
the public mind in Canada has been perfectly dis- 
abused of the idea that a Government guarantee is 
merely nominal, and not a shilling of interest or 
penne has ever been repaid of the 3,111,000/. 
ent to the Grand Trunk, 

_The next year the Government directors were 
dispensed with, and every session thereafter for 
some years fresh legislation was sought to prop up 
ter ween | the fast falling credit of the railway, 
and to push off still further the date of payment of 
its obligations. 

In the period of depression that now ensued 
every railway in Canada, except for a time the 
Great Western, was equally impecunious, and 
every one of them passed through a financial 
struggle which in most cases led either to open 
repudiation and insolvency, or to some financial 
arrangement to smooth over the present difficulties 
by discounting the future. The Great Western 
one, in a splendid position for business, and work- 
ing oniously :with . the t+ American com- 
panies at each end: of it-~the New York and Michi- 
gan Central—paid fair~ dividends in 1855, '56; 57, 
but its turn came at last, like the rest in 1859 it 
= a _ “ five years afterwards the or- 
ry only paid an. average of ‘1 cent, 
Internal dissensions, i : cand ex- 
ternal rivalry, have thrown away, or stolen away, the 
monopoly it formerly possessed, and the difficulties 
that now surround it will probably prevent:it from 
ever again assuming the position it once oceupied as 
the premier road in Canada, and one of the best on 
‘the western side of the Atlantic. 
sien, had ghee nplk-tee welling faricompenten 
' time, iven wai ‘or compani 
shhaemietabens rs make their railways,:and both 
were slowly developing their main lines with their 
‘own means, and under the direct responsibility of 
the respective Governments. In December, 1858, 
Nova tia completed her first :railways. from 
Halifax to Windsor on the Bay of! Fundy, and 
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REGENERATIVE BLAST HEATING STOVES AT THE CROWN POINT IRON WORKS, U.S.A. 
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Truro on the route towards New Brunswick ; and | 


in August, 1860, New Brunswick completed her 
railway from St. John to Shediac on the Gulf of 
St. Lawrence, and after these openings nearly a 
decade so ee before any addition was made to the 
mileage of either province. 

Just previous to confederation, in July, 1867, 
Nova Scotia extended the Truro line 50 miles to 
Pictou, in the heart of the coalfield, and it is ob- 
servable that this was the’ only important section 
of railway throughout the whole of Canada that 
had been brought into operation since the opening 
of the Victoria Bri in 1859, and which practi- 
cally completed the Grand Trunk system. For ten 
years previous to the confederation of the provinces, 
railway construction had been almost at a stand- 
still, and although Facility Bills had been passed in 
both the provinces of Nova Scotia and New Bruns- 
wick, gi a large bonus to encourage companies 
to un e these works, only two small branch 
lines in the latter province had been completed 





under them, both of which have since been absorbed 
into the Canada and New Brunswick Railway, as 
the Woodstock and St. Stephen’s branches. The 
collapse which succeeded the tive years of 
1852 to 1855, affected not only the construction of 
the railways, but every other industry in the 
country, and the falling off in the receipts of the 
roads that were in operation was most disco ing, 
bringing all of them to the verge of bankruptcy. 
On the lst of July, 1867, when the confederation 
took place, there were at work in the whole 
Dominion 2342 miles of railway, with a capital of 
150,608,397 dols., of which 32,201,850 dols. had 
been contributed by the three Governments of 
Canada, New Brunswick, and Nova Scotia. The 
country had been slowly emerging from the crisis 
through which it had but this wise political 
movement gave it an impetus and a stability that 
nothing else could have done; confidence was re- 
stored, at least amongst its own people, and the 
Dominion started with a new lease of life, anda 
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return of prosperity to her various industries which 
carried it safely over the first years of its new history, 
and has enabled it to weather the financial difficulties 
of the past two or three years at least as well, if not 
better, than its neighbours. Recent events have 
largely raised its hopes for the future, and if the 
Pacific Railway has not yet made much progress in 
its construction, the surveys for it have opened up 
such a new world that few were prepared to expect, 
and the effect of which, on the whole Dominion, 
cannot at present be fully estimated. 





AMERICAN IRON AND STEEL WORKS. 
By A. L. Houiey and Lenox Situ. 


No. XVIII.—Tue Crown Port Iron Company's 
MINES AND WoRKS—(concluded). 

Tue Ford (Scotch) pipe stove has heretofore been 
used, but regenerative brick stoves are now applied. 
They are built and have been improved by Messrs. 
Taws and Hartman, of Philadelphia. Figs. 5, 6, and 7 
illustrate them in detail. These stoves are now 
used under the combined patents of Messrs. Siemens, 
Cowper, and Cochrane. They consist of the usual 
wrought-iron air-tight shell with internal brickwork, 
the circular flame flue being built close to one side of 
the stove. The regenerator is composed of second 
quality firebrick 2} in. thick placed on edge and 
made with projections and recesses so that they 
shall interlock and remain in position in the event of 
an explosion. The bricks laid on edge form aseries 
of openings 4 in. oy throughout the height of 
the regenerator. On the top of the 4 in. openings 
are laid tiles with round holes in them. e area 
of these holes bears such a relation to the volume 
of air passing through the stove that a back pres- 
sure or friction is created by them, causing the air 
to pass uniformly through all the openings. The 
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BOILERS AT THE CROWN POINT IRON COMPANY’S WORKS, U.S.A. 
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same friction causes the gas to pass uniformly on 
reversing the stoves. These stoves the ad- 
vantage of large surface for absorbing the heat with 
a minimum of brick. Experience has proved that 
thin walls are better for hot-blast stoves than thick 
walls, as the heat stored in the thick walls cannot 
got out in time to maintain a uniform tempera- 
ure, 

_The three stoves at Crown Point are 15 ft. in 
diameter and 44 ft. high, and contain 44,000 ft. of 
heating surface. The chimney designed for six 
stoves is 6 ft, 9 in. in the clear and 150 ft. high. All 
the flues are overhead, with cleaning doors below, 
so that the deposit can be removed at casting time. 
The valves are all slides and are arranged so that 
they can be quickly detached in event of derange- 
ment. The gas coming from furnace is freighted 
with a large amount of ash; as it falls down the 
vertical flue from the furnace it strikes an angular 
division plate which precipitatesthe dust in an annular 
dust chamber, The gas then s around to the 
opposite side of the angular division, thence down 
to near the ground, where it meets currents of water 
by which the fine dust is carried off, thus leaving 
the gas with higher calorific power and so clean 








g afresh stove to the furnace, the 
last is heated above what is required for proper 
working, consequently the variation during the time 
the stove is on interferes with the steady working 
of the furnace. To overcome this defect, a certain 
amount of cold air is mixed with the hot air to give 
a uniform temperature. By means of this mixture, 
less heat is abstracted from the stoves in a given 
time, and a uniform temperature can be maintained 
over a longer time. The valve for regulating this 
mixture of cold air is automatic. These stoves re- 
commend themselves for economy in first cost, and 
in use of gas, and for simplicity of construction, 

The boiler setting is so fully illustrated by Figs. 8 
to 10 annexed, that verbal explanation is unnecessary, 
The ground plan of the blast furnace plant and eleva- 
tion are shown by Figs. 11 and 12 on page 220. 

The fuel used in smelting is Pennsylvania anthra- 
cite, which may be delivered at the furnaces either 
by rail or by water. This coal, when exposed to the 
weather, especially when subjected to snow and 
frost, has been found to deteriorate for smelting 
purposes fully 10 per cent. on account of coptact 
with oxygen in the atmosphere, and of moisture 
accumulating in the seams and causing the coal 


Upon applyi 





t it will not clog the passages in the regenerator. 






to slake in the furnace, whereby irregular working 
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of the furnace ensues from the burden not being 
sustained. It has therefore been found more advan- 
tageous to transport the coal by rail. Fresh-mined 
anthracite possesses an advantage of 50 cents per 
ton over coal which remains piled during the winter, 
and as coal may be delivered at Crown Point by rail 
in about three days from the time it is put on cars 
at the mines, it is not found n to carry a 
large stock at the furnaces during the winter. As 
an additional protection, the trestles which lead to 
the stock houses and the coal dump underneath them 
are covered. ‘There are long docks near the blast 
furnaces, extending into the lake, for loading and 
unloading raw materials and product conveniently. 
By means’of a system of well-arranged trestles, this 
stock may be discharged from the cars directly into 
bins in the stock houses, The handling is thus 
accomplished at the least possible cost. The flux 
used is a esian limestone, which is quarried 
on the company’s land at a distance of about half a 
mile from the furnaces at a cost of 60 cents per ton, 
including the cost of delivery at the furnaces, The 
composition of the flux is shown by the following 
analyses : 


Silica oh 2.29 2.55 4.10 
Alumina ... 42 1.31 2.29 
Lime 32.60 33.40 $2.84 

esia ... ° 18.53 17.18 16.88 
Carbonic acid 45.98 45.07 44.12 
Phosphorus 005 006 -006 


In the regular working of the furnaces the normal 
charge is as follows : 


Ib. 
Coal 4000 
Ore 4600 
Flux o 2120 


The average number of charges per twenty-four 
hours is thirty, the usual blast pressure 6} 1b., and the 
temperature of the blast was 950 deg. with the old 
pipe stoves. The annual capacity of the furnace is 
at present about 25,000 tons; it is expected that 
this product will be increased to 30,000 tons when 
the improved hot-blast apparatus is put in opera- 
tion. One of these furnaces ran on one living, using 
a single refractory ore without mixture, for two 
years and nine months. The proportion of iron of 
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a Tapux No. Cll.—Freight Tonnage on the United Rail- 
Pig Iron No. 1. Pig Iron No. 2 Pig Iron No.3. || Pig Iron No. 4. roads of New Jersey. 
ee ee } Direction. oe, | wm. | me) 
z $ 3 3 4 3 3 Fy 3 ¥ ° Through freight. 
3 g 3 Ps 5 | E $ to Ps 2 eastward. , si 72,215,496] 68,710,240|Inc, 3,505,256\Inc. 5.10 
a |< Siaige@isgil4aihi]} 8] < rr o siiaheieldl wid wee 
Silicon ..| 8.21 | 2.55 | 2.92 || 3.42 2.05 | 2.86 3.30 | 2.25 | 2.77 || 2.27 | 1.90 | 2.12 — pee 68,742,931| 72,954,284\Dec. 4,211,353/Dec, 5.77 
Sulphur 10.04 | trace | 0.001 | 0.06 | trace | 0.291 || 0.14 | 0.05 | 0.078 || 0.220 | 0.097 | 0.172 | Local freight, west- — —- , 
Phosphorus ... .| 0.034 | 0.027 0.611 | 0.034 | 0.00 | 0.003 |} 0.00 | 0.00 | 0.00 || 0.083 | 0.00 | 0.008 ward .,. —«..| 10,199,502) 10,211,342) ,, 11,840} ,, 0.11 
: Total ... _ ...{187,699,616)178,184,943 
The results given for pig a are tabulated from 2 analyses. Met inerense ... bg - 9,514,673)Inc. 5.84 
oO. 


” 
” 
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No. 3 
No. 4 


different numbers has usually been about ,1,ths No. 1, 
goths No, 2, goths No. 3, and ,3,ths No, 4, all of which 
numbers are used for making Bessemer steel. The 
composition of the pig metal is shown by the annexed 
Table. 

The cinder is readily disposed of by dumping it on 
the company’s submerged lands directly in front of 
the furnaces, and so located that the accumulation 
of the cinder does not interfere with the navigation 
of the lake. 

The company owns about 90 acres of land in 
connexion with the furnaces, besides some 50 acres 
of water front. The accessory buildings near the 
blast furnaces are labourers’ dwellings, railway 
buildings, shops, laboratory, general offices, &c, It 
may be of interest to mention that no trades unions 
have ever existed, or been permitted to exist, on the 
property, or in the works controlled by this com- 


pany. 


THE PENNSYLVANIA RAILROAD. 


No. LXIV.—Freieut Trarric—(concluded). 


Turninc now to the freight traffic we find the 
business done on the Pennsylvania Division and its 











branches to be as follows : 


Tante No. XCVII.—Tonnage of Freight on the Penn- 
sylvania Division. 





Per- 
centage. 


—_ —_—. 


In- De- 
crease. | crease. 


Direction of 
Freight. 


Tons through 
freight moved 
eastward 

Tons through 
freight moved 
westward 

Tons of local | 
freight moved 
eastward 5,388,916 | 4,915,187 | 473,729' 

Tons of local 
freight moved 
westward ....| 2,372,249 


1875, 1874, 





1,002,072 | 1,065,647 ove 63,575) Dec. 5.97 


352,131 $01,324 50,807) .., Inc, 16,86 





2,344.788| 27,461 





a "a. “s 
Net increase . 





.| 9,115,368 | 8,626,946 


488, 














551,997 | 63,575 
al « 
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TaBiE No. XCIX.—Movement of Loaded Cars on the 
Main Line, Pennsylvania Division. 


























Station. Direction. | 1875. 1874. 2 j ; 
£igsi|e 
& 2 Co) 
West Phila- 
delphia ...|Kastward ...| 351,692 | 305,364 |46,328 ° 15.17 
West Phila- 
delphia «. | Westward 85,007| 75,963; 9,044 ™ 11.90 
Columbia Eastward’ 372,092 | 328,748 }43, 344 - | 13.18 
- ... | Westward 84.981] 74,694/10,287 13.77 
Harrisburg .,.|/Eastward 399,575 | 353,759 |45,816, 12.95 
” Westward 69,929; 68,740) 1,189 1.73 
Rockville . 4,348 
Mifflin... Eastward 353,325} 315,584}37,791| .. 11.97 
© ss Westward 78,300| 64,433)13,867, .. 21.5 
Altoona Eastward 254,142| 279,232; ... | 25,090] 8.92 
Pay ae Westward 84,927; 76,362) 8,565, ... 11.22 
Derry... Eastward*...| 221,788} 239,615] ... |17,827| 7.44 
ew +. | Westward y 72,560 | 11,509 es 15.86 
Pittsburgh ..,/Eastward ...| 144,037] 147,361] ... | 3,324] 2.26 
m= » |Westward,,.| 159,936} 153,300 ss oss 4.33 





Petroleum forms a very important item in the 
freight business of the line, as shown in Table 
No. C. 

TaBLeE No. C.—Movement of Petroleum on the 
Pennsylvania Division. 














Refined Crude /|Benzine, 
Direction. oil. Oil. &e. Total. 
Barrels. | Barrels. |Barrels. 
Through eastward, 1874 | 1,151,802 | 1,792,465 | 28,129 | 2,972,396 
Fm as 1875 | 912,913 | 1,779,403 | 72,831 | 2,765,147 
Increase .., eee one 44,702 
Decrease .., 238,889 13,062 eee 207,249 
Local freight, 1874 306,204 
e am 1875 eee 343,946 
Increase .., eee we} ove 37,742 














This Table indicates a decrease of 6.97 per cent. 
in the through oil trade, but an increase of 12.33 
per cent. in the local trade. 

Of coal and coke on the main line and branches 
4,731,436 tons were conveyed in 1875, as compared 


TABLE No. XCVIII.—Freignr MILEAGE ON THE PENNSYLVANIA DrvIsIon. 




















DIREcTION. 1875. | 1874. Increase. | Decrease. Percentage. 
Mileage of through freight eastward v.| 358,204,482 | 380,971,846 | ioe | 22,767,364 5.97 Dec. 
a - westward...| 125,839,358 | 107,692,989 18,146,369 ide 16.86 Inc. 
Mileage of local freight eastward ...... | 862,860,316 | 764,477,061 98,383,255 | 12.87 ,, 
99 99 westward ...... 132,510,310 | 119,425,080 13,085,230 10.96 ,, 
Total wo} 1,479,414,466 | 1,372,566,976 129,614,854 | 22,767,364 7.07 Inc. 
106,847,490 





The total tonnage of through and local freight 
was: eastward, 1,221,064,798, and westward 
258,349,668. Unlike the passenger traffic, this shows 
an increase over the previous year of 6.6 per cent. 
for the former, and 13.7 per cent. for the latter. 

The great disparity between the eastward and 
westward freight traffic will be observed. In 1873 
the westward tonnage mileage was 18.2, and the 
eastward $1.8 percent. of the total. In 1874 these 
figures were 16.5 and 83.5 respectively, and in 1875 
they were 17.5 and 82.5. With the improvement of 

e, and the greatl increased trade facilities which 
the Pennsylvania Railroad now possesses by means of 
the admirable line of steamers connected with it, and 
running between Philadelphia and Liverpool, this | 
ae difference will be much diminished. The main | 





ow of freight traffic, however, must always be east- 
ward, minerals and cereals forming the great bulk of | 
it, while the westward traflic, consisting chiefly of | 
manufactured goods, must be of less tonnage but of | 
increased value, 





with 4,209,337 tons in 1874, an increase of 522,099 
tons. 

Tables CI. and CII. summarise the freight 
traffic on the United Railroads of New Jersey and 
the Belvidere Delaware line. 


TaBie No. Cl.—Freight Tonnage on the United 
Railroads of New Jersey. 





Increase 
or 
Decrease. 


7 | | Per- 
Direction. 1875. 1874. | | centage. 











Through freight,| 
| 821,333 780,913 Ine. 40,420 Inc, 5.18 





eastward 
Through freight,| | 

westward .| 411,816 | 295,867 | ,, 115,949) °, 3919 
Local freight, east- } | 

ward... ...| 1,628,616 | 1811,084 |Dec, 182,468) Dec. 10.08 
Local freight, weat- | | 

ard, | 396,675 | 389,664 |Ine. _ Inc. 1.80 
Total «+. | 3,258,440 | 3,27 


7,528 





19088 Dec. 0.58 


Net decrease |. | 





The total number of tons conveyed on the Belvi- 
dere Delaware Railroad was 1,002,480, and the ton 
mileage 47,157,234. On the United Railroads of 
New Jersey the work done in 1875 showed a de- 
crease of .58 per cent. in the tons, and an increase of 
5.34 per cent, in the mileage. This result is chiefly 
due to the increase in the peach business from 
Delaware in 1875. ‘The shipments of anthracite coal 
fell off considerably during the year. 

Table CIII. summarises the movement of loaded 
cars on the United Railroads of New Jersey : 
































TaBLE No. CIII.—Movement of Loaded Cars. 
. r) 
Stations, |Direction.} 1875, | 1874. | § a Zz 
2 Ps 3 
o be 
alagis 
Mantua ...|Eastward | 161,071 | 148,342 |'12,729 eee 8.58 
a «| Westward| 54,718 | 39,933 | 14,785) ... 27.02 
Trenton ..| Eastward | 177,947 | 358,963 -- | 181,016 | 50.42 
2 ...|Westward| 79,413 | 61,727 | 1,768 eee 8.65 
Phillipsburg 
Junction .,,|Eastward | 111,528 | 197,135 ws 85,607 | 43.44 
Phillipsburg 
Junction ,,,)Westward|) 1,512 612 900; ... 147.05 
Jersey City .,.|Eastward | 132,510 | 93,483 | 39,027) .., 41.75 
- «| Westward! 75,631 | 57.736 | 17,895! .., 31.00 
South Amboy |Eastward | 50,762 | 159,929 eee | 109,167 | 68.31 
am Westward| 2,848 8624 * 5,776 | 66.97 
Camden --.|Eastward | 20,579 | 21,134] ... 5 2.63 
= ...| Westward! 22,603 | 21,467 1,136 5.29 





The freight traffic on the Philadelphia and Erie 
Railroad is summarised in Tables CIV. and CV. 


TaBLE No. CIV.—Freight Tonnage on the Philadelphia 
and Erie Railroad. 




















Increase P 
Direction. 1875. 1874, or 
Decrease. centage. 
Through freight, | 
eastwal eee 348,910 367,979} Dec, 19,069} Dec. 5.18 
Through freight, 
westward ose 126,682 98,691) Inc. 27,991 Inc. 28.34 
Local freight, east- | 
ward... «| 1,224,774) 1,162,335 » 62,439 » 5387 
Local freight, west- | 
ward ... | 696,068, 614,165} ,, 81,903) ,, 13,33 
Total ... aeons | 2,243,170) Inc, 153,264 Inc. 6.83 





TABLE No. CV.—Ton Mileage on the Philadelphia 














and Erie Railroad. 
| Increase 
Direction. 1875. 1874, or | _ Per- 
| Decrease, | °2ts® 
Through freight, | Decrease | Decrease 
eastward «+.|100,486,077 |107,385,173 | 6,899,096 | 42 
Through freight, | Increase | Increase 
westwa .. | 36,484,464 | 28,423,049 | 8,061,415 | 28.93 
Local freight, east- | Increase | Increase 
ward .... {120,923,796 111,662,686 | 9,261,110 | 8.29 
Local freight, west- | Increase | Increase 
ward... +-.| 54,024,772 | 46,995,925 | 7,028,847 | 14.95 
Total ...|311,919,109 '294,466,833 | 17,452,276 | 5.92 
Increase | Decrease 








The movement of loaded cars on this line was as - 
follows : 


TaBLE No. CVI.—Movement of Loaded Cars on the 
Philadelphia and Erie Railroad. 














Direction. 1875. 1874. Increase. | Decrease. 

Renovo, eastward ..,| 87,325 81,111 6,214 
» Westward 41,640 36,833 4,807 

Kane, eastward... ... 58 516 62,377 pK 3,861 
» westward... 29,794 27.936 1,858 
Increase ... ... ow dap 12,879 

Decrease .,,, ans 3 861 
“Total increase ..| —«.. a 9,018 

















Of the total car movement in 1875 there was 
32.2 per cent. of empty wagons, compared with 34 
per cent. in 1874, The westward tonnage was in- 
creased over that of 1874 by 2.5 per cent., and 








amounted in 1875 to 34.3 per cent of the total, 
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NOMINAL HORSE POWER. 
To THE EpITOR OF ENGINEERING. 

Srr,—In yours of February Ist there is a report of en- 
gine and boiler trials (at the South Metropolitan GasWorks), 
made by Messrs. Donkin and Company, upon what you 
a 30 horse power nominal engine, of their usual type ; the 
dimensions are, high pressure cylinder 12 in. ; low pressure 
20 in. in diameter, stroke 27 in. 

Having been in the act of writing you upon the ques- 
tion, of what is a nominal horse power, as a commercial 
quantity whereby to buy and sell, it oceurs to me to ask 
you, or Messrs. Donkin, to give some information as to the 
rule by which they calculate their engines so as to make 
the above dimensions 30 horse power nominal, a market- 
able value. : 

Ever since the adoption of compound engines, up to the 
present time, I have found the greatest difficulty in under- 
standing what is meant by the term, and what are the correc 
dimensions of cylinders, length of stroke, and heating 
surface in boiler to constitute a nominal horse power ; these 
particulars varying so widely in different districts, and in 
the practice of different makers. 2 

During January last I was twice at the Court of Session 
in Edinburgh, attending trials held upon this point, viz., 
what is a nominal horse power, and how is this defined? In 
my investigations in order to give an answer, I found there 
are no less than ten rules published, each differing from the 
other in their formula, besides other methods adopted by 
engineers from their own experience of data obtained from 
a former ship and engines, and so applied to the case in 
hand, as a guide to results sought. This is all well enough, 
when the purchaser has confidence in the maker, and per- 
haps understands the principle upon which the calculation 
is based ; but in nine cases out of ten, I found that ship- 
owners would not look to such calculations, as they found 
some firms in their tenders giving a certain dimension as a 
nominal horse power; that they could understand. Thus 
so many inches of cylinder, so many ame feet of heating 
surface in boilers, and to this mercantile men prefer to ad- 
here, and I believe engineers must consent to adopt a fix 
scale whereby to buy and sell. They themselves never 
buy or sell but by standard weights and measures, a ton 
2240lb., a yard 36in., a gallon 4 quarts or 2773 cubic 
inches, why then should an article of so much value as 
marine and other engines be without a standard value, 
so that buyers and sellers, whether on the East Coast, 
Thames, or Clyde, shall know, as well as any other mer- 
chants, what is it they buy and sell? At present as I shall 
show, this is not understood. Below I give you a list of rules 
which-have been published at various times, but not one 
of them is of practical value. First on the list is that of the 
British Admiralty ; they have from time to time altered their 
standard, and at present they are as much in need of a revisal 
as the mercantile marine. For we find those who supply 
their engines striving to obtain an indicated power of eight 
times the nominal, as the result of no fiwed speed of piston 
being a condition of contract (on the trial speeds). There 
is little doubt in my mind the above is the reason why we 
have so many lame ducks afloat, when put into active ser- 
vice, such Jehu driving cannot be maintained at sea, with- 
out damage and delay, so that in an emergency our splendid 
Navy on paper area lot of chronic cripples. May God 
preserve us from war, our Navy is worthless for hard 
work ; let any one look at Plymouth. 

















gage 7x v} Old speed of 
. . x7xv speed o 
Admiralty. First rule. 33,000 piston fixed. 
j d—1)? v) :, 
Ditto Second ,, ( — | Speed of Pis- 
. 5640 \ton optional 
Ditto ‘Third _,, oe. | oe 
, Ax7xv Speed of 
Ditto Fourth ,, 33.000 } piston left to 
: contractors. 
Bourne’s 9s ays 
a7 
Templeton’s a d? x ¥/ sx 213 
Haswell’s mm P—f+m x s—nb 
33,000 
Nystrom’s ‘6 HD’ ¥ s 
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North of England engineer’s rule, adopted in 1868, was to 
provide 30 circular inches of piston area for each nominal 
horse power : In 1878 the general practice from East Coast 
to Clyde is to provide from 30 to 32 circular inches per 
nominal horse power. 

It must be admitted by all who have had anything to do 
with this subject, that not one of the foregoing rules is 
satisfactory ; they take no account of the boiler’s capacity in 
heating surface, grate surface, or pressure of steam, and 
in further illustration of the wide range in practice at the 
present time, I give below a few examples of capacities 
of cylinders by different makers on the East Coast and 
Clyde. I give here only the letters to distinguish the 
makers, you have the names in a private note. 


A. 
110 HP. nominal, cylinders 27 in. and 54in.x33in. stroke. 
d* —110—33 cirenlar inches per N.HP. 
120 HP. nominal, cylinders 28 in. and 56 in. x 36 in. stroke. 
d?-~+-120=32.76 circular inches per N.HP. 
Boilers 18 square feet heating surface per N.HP. 


110 HP. nominal, cylinders 38 

| iP’. nominal, cylinders 28 in. and 53 in. in. ke. 

sae 32.66 er inches per N.HP.- sce Canaan 
7. nominal, cylinders 29 in. and 55 in. x 33 in. stroke. 

d*--120=32.21 circular inches per N.HP. i . 


C. 
120 HP. nominal, cylinders 29 mn. and 55 in. X33 in. stroke. 
d* —120—32.21 circular inches per N.HP. 
165 HP. nominal 35 in. and 63 in. X36 in. stroke. 


call | 2? +165=31.48 circular —_ per N.HP. 


90 HP. nominal, 25 in. and 47 in. x 36 in. stroke. 
d? — 90—31.48 circular inches per N.HP. 

120 HP. nominal, 29 in. and 55 in. x 33 in. stroke, 
d?+-120=32.21 circular inches per N.HP. 


E. 
140 HP. nominal, 32 in. and 57 in. x 33 in. stroke. 
d?—-140—30 circular inches N.HP. 


140 HP. nominal, cylinders 30 in. and 60 in. x 36 in. stroke. 
d*—140=32 circular inches per N.HP. 


G. 
+ | 90 HP. nominal, cylinders 26 in. and 46 in. x 27 in. stroke. 


d? — 90=31 circular inches per N.HP. 


H. 
80 HP. nominal, cylinders 20 in. and 43 in. x 27 in. stroke. 
d*—80=28 circular inches per N.HP. 


a 
90 HP.twin screw cylinders 17 in. and 28 in. x 27 in. stroke 
two pieces. 
d? + 90=23 and 24 circular inches per N. HP. 

In the above list I have given you the dimensions of 
engines as sold by three firms on the East Coast and six 
on the Clyde, as their nominal horse power in each case; 
it is, therefore, self evident meee requires to be done 
to secure the uniformity for which I{plead, and all the more 
now that both the Board of Trade and Lloyd’s have fixed 
surveyors for the manufacture of marine engines ; I think 


hand engines and boilers to prevent the manufacture of 
so much trash, asI grieve to see produced at the present 
time. Cheap and nasty never had a truer application t 
to much of the things called land engines now sold. 

This brings me to the main object I have in view in thus 


ed | writing, to call the attention of the shipowning, ship- 


building, and engineering interests to the necessity of 
uniting upon some common standard for mercantile pur- 
poses, which shall be established by law, and thus bring 
every maker of marine engines, at least, upon a common 
level, and not as at present, every man, as in former times, 
doing that which is right in his own eyes. These vexatious 
litigations would then cease, and ought to cease, as it is a 
mere farce to see four or six counsel engaged in a case dis- 
cussing horse power, of which they know nothing more than 
the “¥ of their wigs, and ending in mystifying all con- 
cerned. 

The principleI have to propose as a means to accomplish 
this object is to make the diameter of cylinders, len; of 
stroke, speed of piston, and heating surface of boilers, 
definite quantities, the indicated power to be the test of the 

ulness of these quantities, such indicated horse power 
to be fixed at not less than five times the nominal as used 
for commercial purposes, that is, an engine which is sold 
for 100 horse power nominal, shall not indicate in 
order less than 500 horse power, and that there shall a 
fixed minimum dimension for the particulars given above. 
From what I have seen these few years back, there can be 
no difficulty in realising these results, in fact our best engi- 
neers boast of the ease with which they obtain six times the 
nominal—those who fail to obtain this must just pay for 
their ignorance and incompetency. 

As an illustration of what I mean, take for example an 
engine of 100 horse power nominal, with cylinders a7 in. 
and 47} in. by 30 in. stroke, which is a fair average of many 
good engines I have seen at work; taking capacity of 
cylinders, this gives 700 cubic inches per nominal horse 
power with a piston speed of 400 ft. per minute, 60 lb. 
steam pressure, grate bar surface=.65 square feet per 
nominal horse power, and with a heating surface in the 
boilers of 17 square feet per nominal horse power, such heat- 
ing surface to be only calculated from level of centre of fire- 
bars in furnace, all the combustion chamber and flat surface 
of back tube-plate, alk the tubes (outer surface) if ex 
to water, the inner if water tubes, nothing to be allowed 
for front tube-plate nor uptakes. All good boilers should 
extract the steam-producing heat before it leaves the tubes 
but I saw the other day a boiler in which the steam chest 
in the uptake was taken as heating surface, and it is too 
common a case. No wonder ships fall off in speed after 
trial trips. If the above conditions are adhered to, all 
parties will find they have sold and bought an engine that 
in every-day work at sea in the hands of competent engi- 
neers will steadily indicate five times its nominal power. 

I hold a very strong opinion that we must produce en- 
gines to perform sti work at sea, not those horse 
coupering tricks and trials at measured miles, which too 
often are a dis; to our profession. I would also make 
it a condition that nothing less than six hours consecutive 
steaming be the test of the engines and boilers power at 
full speed, and that the engine indicate not less than 54 to 6 
times the nominal power upon trial trip service, that the 
steam pressure be maintained steady without the disrepu- 
table practice of shutting off the feed, and also working 
the condenser at such a temperature as will bring up the 
feed to 130 deg. or 135 deg., as I saw lately done. We all 
know this cannot be done at’sea, and is a trick,I leave others 
to name, as worthy only of a man who has no 
honesty. Another point I should make a condition, that 
no water be allowed to be used upon the main shaft bear- 
ings. Why should our marine engineers, any more than 
our locomotive engineers, require water to be run upon 
their bearings? the one has his machinery in a clean cool 
room, the other has it ee to all weathers, and the 
constant dust of the road. This is one of the important 
changes required in our steamships, and has become a 


necessity, for as a rule, in many cases, no sooner does the 
shaft begin to move than on goes the water full bore ; 





this is said to be to prevent heating, but my own ex-' 





the Board of Trade should also extend their surveys to | i 


to | the d il of this bracket is 


perience is that it Ee 2 ee a chronic tendency to heat for 
the future, which should not be the case with manu- 
factured at the present time, having so much perfection in 
our tools, and a full knowled the proper proportions 
for all the working parts. e should never hear of heated 
ings, nor every now and then a puff extra to the effect 
that worked smoothly, no heating nor slowing of the 
bas gre during trial trip. 
could give you a case in very: by which one of our 
latest and finest mail steamers had to put back on her first 
voyage on account of the amount of water used by the en- 
ineers in order to keep the bearings from heating ; but as I 
ve not permission to give details at present, I will say no 
more than should I receive consent it will surprise the 
profession that such a quantity was used, or that provi- 
sion was made by the makers to allow such to be done. 

I trust the above statements may be accepted in the spirit 
in which they are written, simply to induce some action to 
secure a common stan of commercial value, whereby 
to buy and sell, and that honest men may be pro’ in 
business by law. It is not the case at present, as our law 
courts testify, and for these last thirty years I have seldom 
found two men to agree upon what is a nominal horse 
power. 

Yours oy truly, 


EORGE W. JAFFREY. 
Greenock, February, 1878. 





NOTES ON PORTABLE ENGINE DESIGN. 
To THE EpIToR OF ENGINEERING. 

Srr,—After a lapse of fifteen months I am honoured with 
a reply to my letter on the above subject, which appeared 
in this journal for December 1, 1876, but unfortunately 
on account of other business I have not been able to ly 
to ‘* Albert Victor’s’’ letter (see ENGINEERING, Fe- 
bruary 15, 1878) before now. 

After making two or three poctniness observations, I 
will briefly note the paragraphs in your correspondent’s 
order. He fails to realise the object of my letter, which 
was to note the so-called advantages of the stay principle 
of construction, and weigh them, so as to ascertain their 

value, viewed in the light of common sense, instead of 
accepting the merits of the system given in trade circulars, 
or qu from catalogue literature. 

I failed to find any valuable advantages, and it will be 
seen that your correspo: t makes a very r show, 
after fishing for them over a twelvemonth. He seems to 
have — very small fry, judging by the doubtful ad- 
van e supplies. 

I regret that ‘‘ Albert Victor’’ did not confine his re- 
marks to the class of stayed brackets that my first letter 
treated of, viz., rigid stays connected to movable plummer 
blocks, or flexible brackets ; if he refers to my first letter, 
he will see that the other systems were merely named in 
ing, but as he has ieteedneed the other classes, I shall 
‘ore have an opportunity of expressing my opinion 
on these systems also. Let us examine ‘‘ Al Victor’s’’ 
remarks in order. 

1. Steam Heated Stay and Cast-Iron Bracket.—Your 
correspondent has either refrained from, or failed to 
point out the advantage gained by the use of this stay, he 
simply explains its construction, and proposes some im. ° 
provements, but does not give a single reason for its 
adoption ; he —s approves of it because it is pretty ; 
being covered with brass, it presents in his opinion a 
** very neat ap ce.’ It does not prevent the expan- 
sion of the boiler from affecting the centres of the engine, 
which seems to be the high im t point gained by the 
stays and flexible brackets. 


use of does not admit of 
the brackets made lighter, as ‘‘ Albert Victor’ 
points out, ‘“‘the brackets remain the same strength as 


when used without stays.” This stay has no doubt proved 
a paradox to many, as it has to your correspondent, who 
says, that this ‘“‘ good stay,’’ ‘‘ cannot be ed a stay of 
the first class ;” and after drawing various inferences con- 
cerning it, he leaves the question in a very abrupt and un- 
satisfactory manner. We need not write further about the 
steam hea’ stay, since ‘‘ Albert Victor” treats it with 
such coolness, notwithstanding that he has derived some 
pleasure from its outward appearance. 

2. Wrought Iron Bracket and Dovetailed Slide.—My 
assailant has neglected to note the chief source of wear 
and tear mentioned by me, he speaks of the infinitesimal 
amount of wear on the dovetails in a year, caused by the 
expansion of the boiler,* which is my reason for objectin 
to the adoption of the dovetail and the stay, in other w 

it is on account of this movement being ‘nil’ that I 
object to the dovetail’s introduction ; in my estimation it is 
simply a waste of work, and useless ex ture of thought, 
to make all these provisions for so 
wear on the dovetails I ref 
different motion, viz., the vibration of the , causing 
a ing action. The slide rest of a lathe furnishes the 
nearest illustration. Every turner knows how very difficult 
it is to prevent the rest from shaking loose, when any detail 
is being turned having projecting pieces and then spaces, 
passing over the tool; for instance, when a spur 
wheel is being turned on the face, if there is the least 
amount of shake in the dovetail of the rest, the jerks on 
the tool cause it to augment. And I fancy that when 


htened up sufficiently to 
prevent any shake, the wear “‘ Victor’ speaks about 
ceases to be, causing t: i of one who has used 
an engine of this kind for four years to be strictly true, 
that after this tig htening up, the less the dovetails are at- 


tended to the 
Tagree with “ Albert Victor” where he says that it is 
certainly the best in the market, but at the 


same time I also bold tha it is too great a refinement for 
* In one place “ Albert Victor’’ speaks of the boiler ex- 








when steam is raised, and immediately afterwards, 
says that the engine expands when steam is raised. 
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rtable engines are subjected to, for we 


the rough 
all know that if the engine driver can possibly tamper with 
any detail he will, and the fewer the parts ——s his 
control the better it will be for the engine. ow me to 
= my view of the dovetail slide and stayin another form : 
he nil movement (to my mind) is the gnat strained at 

while the solid stays and dovetails represent the cam 
swallowed ; moreover, the fact of the makers introducing 
these brackets without the stay and sliding blocks on 
many of their portable engines at the present time, seems 
to show that they entertain somewhat similar views. 

8 Wrought-Iron Separate Bracket. — If your corre- 
ss will please refer to my letter in _ journal for 

anuary 25th, 1878, he will see that I considered the 
wrought-iron bracket shown there to be a good one when 
made without the dovetail and minus the \stays, perha 
he is not aware that these brackets are used on double- 
cylinder engines, as well as all single-cylinder engines. 

** Albert Victor’’ states that the cast-iron bracket I 
referred to in my last, as shown at 467 of ENGINEER- 
tn@ for December 1, 1876, has not been thoroughly ‘tested 
over a course of years, which is scarcely true, as it is im- 
possible for him to know the ise date of its introduction, 
therefore any further remarks on this pgint from him will 
be valueless. Then he speaks of this bracket as being 
“* faulty in design, exceedingly easy words to write to those 
who conveniently forget to bring evidence to support the 
statement, but until he proves its weakness in design, we 
are not prepared to accept this statement either. 

Allow me in passing to mention that the saddle is much 
to be preferred to the bracket as there shown, but it is 
= to the latter being so much more easily handled in 
small works (particulars of which need not now be enume- 























































































































rated) that doubtless accounts for ‘its use in this instance. 
Apart from the bracket’s inferiority when compared with 
the saddle, I trust he will point out its faults in design as 
a bracket. The next arrow aimed at this r bracket is 


| sadly wide of the mark. This statement is shown to be 


incorrect by his own admission. He says that the bracket is 
deficient in bearing surface ; he will be astonished to hear 
that the two brackets have as much area of bearing surface 
in actual contact as the saddle shown in his, as being ‘‘ of 
the most approved construction.”’ I cannot accept it as a 
representative of good portable engine practice, for a care- 
fully designed saddle would most certainly possess more 
bearing surface than any two wrought-iron brackets in use 
to-day, and should also have more surface than any two 
cast-iron brackets; therefore it must be admitted that 
** Albert Victor’s’’ remarks here contradict each other, for 
if his saddle only 144 square inches of bearing 
surface on the boiler, it certainly cannot be called a satis- 
factory saddle, much less can it claim to represent the 
** most approved construction.”’ 

I maintain that all wrought-iron brackets take a very 
poor bearing on the boiler, and when I speak of bearing 
surface now I do not mean the area of metal in actual con- 
tact, but the area of the boiler over which the weight is dis- 
tributed ; for instance, a base like Fig. 1, representing 100 
syuare inches, does not answer the same beneficial end that 
the base shown by Fig. 2 does, ja omrmen | only 90 square 
inches. “‘ Albert Victor’s’’ figures “‘s ‘or themselves,”’ 
but unfortunately as their testimony only reveals the weak- 
ness of his arguments, it would have been better for his 
side of the question if their evidence had not been secured. 
In my estimation it is a far more engineering-like and 
satisfactory arrangement to have broad bases firmly 
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bedded and bolted down to a boiler barrel, than to have 


small ones rocking on the boiler at each end of a stay. 

4. Wrought-Iron Brackets which Spring or Expand 
connected to the Cylinder by Rigid Stays.—To my mind this 
is by far the most flimsy arrangement extant. The 
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makers claim that this plan relieves the boiler of all strain 
from the working of the engine, while I learn from & 
trade circular issued by one of the promoters, that this 
strain in ‘ordinary portable engines is so detrimental” ; 
before we can accept this assertion, we must see a boiler 
barrel injured by the strain. We may see See 
at a disadvantage, with the crankshaft vibrating => 
siderably, and out of square with the centre line of the 
engine, owing to this strain having distorted the weak 
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wrought-iron brackets ; their weakness is so well known 
that “‘ Albert Victor’ does not try to hide the defect, he 
says, ‘‘It has been found somewhat difficult to get plates 
sufficiently strong to stand the strain of the engine work- 
ing, and at the same time to have the required amount of 
spring.” 

This strain is very detrimental to parts of the engine 
when weak, springing, wrought-iron brackets are used ; 
but when the cylinder and brackets are put on the boiler 
in a thoroughly substantial and wor ike manner, the 
mg brought to bear on the boiler in practice does not 
exist. 

It is said that ‘‘ one fact is worth twenty arguments ;” 
fortunately I have a very stubborn fact to record now : If 
this patent springing bracket possesses so many advantages, 
and is such a perfectly satisfactory arrangement, as some 
would try to lead us to suppose, I will ask, How it is that 
this very novelty at the present time is discarded on the 
traction engines of the firm who hold the patent? after 
80 few years’ use, and is now replaced by cast-iron heavy 

lummer blocks, sliding at the end of stays, on cast-iron 
! - Surely such an efficient arrangement (for prevent- 
ing the alteration of } in. in the distance of the centres of 
an engine, where such alteration cannot in any way work 
any mischief, and for preventing the strain of the engine, 
according to the notion of some, making such havoc of the 
boiler barrel), as the patented flexible bracket is, cannot be 
abolished on these traction engines with impunity. How 
do the admirers of the flexible bracket explain this seem- 
ingly setegressive movement P . wi 

am exceedingly astonis to find your correspondent 
unable to a stop to leaking erecting bolts; the beha- 
Viour of these bolts in the cast-iron brackets must have 
very irritating to one who had not the necessary 

or mce of mind to aid him in this emer- 

gency. Lam t to say that I never have ‘* been un- 
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fortunate enough to have seen steam coaaging from most of 
the bolt holes of a cast-iron bracket,’ for the simple 
reason that out of the hundreds of bolts used by the best 
engine builders, I never recollect to have seen one leak; 
and wherever I go, these leakless bolts are introduced 
forthwith, while dozens of other bolts put in incom- 
— makers, have been taken out and replaced by these. 

t is a pity that ‘‘ Albert Victor’ was unable to cope with 
such a small difficulty, and that he should allow an engine 
to work in such a wasteful plight, when the remedy was so 
simple, easy to apply, and inexpensive. 

5. Rigid Stays to Cast Iron Brackets.—This arrange- 
ment possesses not a single point to recommend it, these 
stays produce no end of mischief if tightened up, and are 
useless but harmless when slack ; in the latter condition on 
one engine I know, the owner told me he was obliged to let 
them go, because the tremendous strain put on the cylinder 
and brackets when steam was down, if tightened up, con- 
tinually broke the cylinder joint on the boiler during the 
removal of the engine, causing no end of lost time. Indeed, 
what better result could we expect, from such an unscien- 
tific and unreasonable practice, described in the following 
words by “‘ Albert Victor :’’ ‘* To allow for the expansion, 
these stays are finally adjusted when steam is up, thus mak- 
ing the bracket stand at right angles to its base when 
—- but slightly inclined when steam is down, the 
engine having rigid and fixed centres, and the crankshaft 
bracket being rigid, the boiler when cooling must 
deflect to a certain extent the barrel plate to which the 
brackets are bolted.”’ 

After revealing the absurdity of this ‘‘too rigid con- 
nexion,’’ it is with the greatest difficulty that I can believe 
he is sincere in his next remark, viz.: ‘* This appears to be 
the only drawback to an otherwise very efficient arrange- 
ment,”’ and he considers this as one of the BEST examples 
we have of the stay. If the superlative oe pos- 
sesses such a serious drawback, I really feel concerned 
about the positive and the comparative arrangements. 
In conclusion, I consider ‘‘ Albert Victor’ has by his re- 
marks more than ever exposed the weakness of the stay 
system of construction—he has revealed the sandy founda- 
tion on which the whole —— rests—many of his 
statements condemn in ity the very practice he so gal- 
lantly tries to uphold. On ints he has strengthened 
my position, and adduced fresh evidence in favour of m 
views, which I was once inclined to doubt, but after vend 
ing his epistle, I now more than ever cling to. ; 

fully believe that if ‘‘ Albert Victor’ had waited 
another fifteen months before he had given us his letter, he 
would have had to write of the stays as things of the past, 
to be classed with a million other so-called novelties, which 
have had nothing beyond their newness to recommend 
them, and being based on erroneous principles, and merely 
supported by the “‘ puff’’ of the genius who invented them, 
consequently after a brief existence they went to the wall. 

Alterations are useless unless they are amendments. 
We must have better reasons to give for the alterations 
made than one I heard during the late Smithfield Show. 
A friend of mine asked a representative of a certain firm, 
why they put alternate rivets and bolts in the shoes of their 
traction engine wheels. ‘‘Oh!”’ he replied, ‘“‘ we must not 
come here year after ~ with nothing fresh. We merely 
do it because we are bound to have something different to 
other people.” Joking apart, allow me to say that I am 
open to conviction in the matter of these stays; my first 
letter on this subject was penned for the of giving 
my views, with the hope of being put right ; for I though 
then, that the value of the alteration had been much over- 
estimated, and the advantages clai were far-fi 
doubtful. Therefore the last letter on this subject, signed 
‘* Albert Victor,” written as it was to defend this feeble 
and questionable novelty, by pointing out some of the ad, 


and | trains throughout upon the Great Central Belgian 





vantages, but failing to find any, has proved that those 
early convictions of mine were _ 


Tam, ir, yours truly, 
March 8, 1878. W. M. F. R. 





BLAST PIPES FOR LOCOMOTIVES. 
To THE EDITOR OF ENGINEERING. 
Srr,—In your issue of the 1st of March you published a 
letter in which Mr. Brown, of Winterthur, claims for him- 
self to have employed the annular blast pipe in locomotive 


in 1874. 
annular blast nozzle quite similar, but to the variation 

of height of the internal pipe, and shown in Figs. 1 and 2 of 
the enclosed tracing, has io . “= by the engineers of the 
Creusét Works an ae in the compound locomotive en- 
gines of the Bayonne-Biarritz Railway in 1875. I use a some- 
what different fitting, not variable, but when working adjust- 
able at vanes — - shown ot 3 — 4, in some 
new engines designed on the compound principle actually in 
pr ses one * which is —  d Mw Univeral ee 
of Paris. Inquiry on the ground of priority appears 
quite needless, for the employment of the annular blast 
pipe in order to increase the draught of locomotive chi 

been plainly pointed out in the discussion on Mr. C. W. 
Siemens’ paper, “‘ A New Steam Jet,” read at the Institu- 
tion of Mechanical Engineers, May 2, 1872. 

Believe me, Sir, yours very fraly, 
A. Mauer. 


Paris, March 14, 1878. 


BRANFILL’S EARTHWORK MEASURER, 
To THz EpirTor oF ENGINEERING. 

Srr,—I can from experience assure your correspondent, 
Mr. Glennie, that even assuming the principle of a portion 
of _ earthwork meastrer not to be new, the fact does not 
at all lessen its utility. Apologising for trespassing on 
your space, 





I am yours, &c., 
J. A. BRANFILL. 
6, Westminster Chambers, London, 8.W., March 19, 1878. 





CORMACK’S STEAM STOP VALVE. 

On Monday evening a paper was read before the Hdin- 
burgh Association of Science and Art, by Mr. D. A. 
Cormack, F.R.S.A., consulting marine engineer, Leith, on 
an improvement in steam stop valves, whereby the end of 
the spindle, as at present constructed, is utilised to form a 
small valve covering an aperture in the crown of the stop 
valve. The object is to admit the steam very slowly on 
first opening the valve, and the avoidance of the strain 
thrown upon the spindle when force has to be applied to 
tear the valve off its seat when the pressure is on the top, 
and a valve is in that position technically called “steam 
jammed.” 

The end ofthe spindle as now generally in use, is recessed 
in the lathe so as to leave a broad flat facing corresponding 
to another facing round an aperture in the top of valve for 
the purpose of admitting steam when the spindle is raised 
through the clearance, which, equal to the area of oe 
is left in the buckle or connexion into which the end of the 
spindle is shipped. 
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Mr. Cormack the satisfactory working of a 
number of valves fi by him in this way, and remarked 
upon the very short time usually required main 
valve in equilibrio when it can be raised without effort, and 
stated that an 8-in. handwheel was found quite large 
enough for the work. The diameter of aperture found 
answer v well, is about one-sixth the diameter of the 
valve itself, so that 4-in. clearance is usually enough. 
Attention was claimed on behalf of the improvement for 


five reasons, namely, safety, utility, ceecgntens ease of 
adaptation to existing valves, and non-liability to get out 
of order. A full-sized model and drawing were exhibited, 


and our readers are referred to the acommpnaying, Savy 
tion which shows the action of the spindle just , the 
arrows showing the direction of the steam previously to 
the opening of the valve. 


Warmine Trains.—M. Belleroche is stated to have in- 
troduced an inexpensive method of warming senger 

way. 
The system consists in a continuous jet of warm wa' 
coming from the tender of the locomotive, and returning 
to it, after having traversed the whole train. 
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THE WATER SUPPLY MOVEMENT IN 
SCOTLAND. 

Tue following are a few brief notes on the water 
supply movement at present in pro; in Scotland :—A 
portion of the Kirkwall Water Works having been com- 
pleted, a supply of excellent water has been laid on to 
the town of p e.—The Kilmalcolm Local Authority 
have announced their desire to receive tenders for the 
construction of a reservoir, filter, tank, and other relative 
works for the introduction of water into Kilmalcolm and 
the special water supply district surrounding it. Most 
of the houses in and around the village have been 
fitted in anticipation of the bringing in of the water. The 
reservoir is to be made at Blackwater, and the water 
has been analysed and pronounced excellent in quality. 
Mr. James Wilson, C.E., Greenock, has designed the 
works.—The Stirling Water Commissioners are about to 
make important extensions to their water supply works, 
which will involve the use of nearly two miles of 12-in. 
cast-iron mains.—The Pollution Commissioners of Annan 
have lately had a preliminary survey made by Messrs. 
Bell and Miller, O.E., Glasgow, with the view of getting 
an improved water supply introduced into the town.— 
The town of Arbroath is just now very nearly in a “fix” 
on the water supply question, the Pollution Commis- 
sioners having been somewhat lax in their efforts to 
meet the growing difficulties of the case. There has 
for a long time been on the tapis what is known 
as the Nolt Loan scheme, and lately the Pollution 
Commissioners have been roused to a greater degree 
of activity by the Board of Supervision, whose letter 
only allows them till the 22nd of the present month 
for a satisfactory reply. —Negotiations have lately 
been opened with the Dundee Water Commissioners with 
the view of obtaining a supply from the Crombie reser- 
voir, which is within a reasonable distance of Arbroath.— 
Some op position was threatened to the Forfar Water Bill 
now before Parliament by the manufacturers of the town 
and by the Caledonian Railway Company ; but as some 
modification has been made by the promoters on the 
a tol , the opposition, it is understood, has been 
withdrawn, in which case the Bill will be allowed to pass 
as an unopposed measure.—A movement is at present in 
— for the acquisition of the Rothesay Water Works 

y the town council at a cost of 25,0001. The acceptance 
or rejection of the proposal will depend upon the result 
of a plebiscite of the ratepayers which has just been 
taken. There is some prospect of a new water company 
coming into existence. Indeed, Mr. George Cunningham, 
C.E., has reported that a supply preferable to that of Loch 
Ascog can be had on the lands of the Marquis of Bute to 
the west of Rothesay, where, at a height of 270 ft. above 
the sea level, there is a supply of 30 gallons a day of ex- 
cellent water for each person of a population of 15,000. 
It is also reported that Lord Bute offers this to the town 
on the most favourable terms. This supply, it is caleu- 
lated, can be brought within the reach of the ratepayers 
for less than one-half of the price proposed for the worse 
quality of Loch Ascog. A meeting of the town council 
was held on Monday, when it was reported that 1718 
voting papers had been issued, of which 794 had been 
returned—20 blanks, 24 spoiled, 417 against the council 
agg agg the works, and 333 in favour. The report 

y Mr. Cunningham already referred to, and a letter 
from Lord Bute’s commissioner offering a new supply, 
were laid on the table. Mr. Cunningham had no hesi- 
tation in recommending the Dhu Loch scheme. After 
some discussion, the whole question was remitted to a 
committee consisting of the provost and three other 
members of council.—A good deal of feeling has lately 
been manifested in the towns of Airdrie and Coatbridge 
on account of the alleged bad quality of the water which 
they are receiving from the Airdrie and Coatbridge Water 
Company. Some time ago the directors of the company 
—— Dr. Stevenson Macadam, of Edinburgh, to 
make an analysis of the water, and he certainly did not 
commend it very highly. Mr. Tutlock, public analyst, 
Glasgow, has also analysed it, and supestel nen it in the 
interest of one of the local authorities. The inferior 
quality of the water and the bad state of the health of the 
population have of late raised feeling to such a high pitch 
that the town council of Airdrie -have unanimously 
resolved on submitting the whole question, including the 
.correspondence with the water company, and the analyses 
by Dr. Macadam and Mr. Tutlock, to 
vision, A portion of the area from which the water is 
collected is within a short distance of the sites on which 
large bings of ironstone are calcined in “ the open” during 
@ great part of the year, the consequence of which is that 
a considerable quantity of ammonia and soluble mineral 
sulphates must pass into the reservoir.—Strenuous efforts 
are now being made to induce the authorities of Inver- 
keithing to take a supply of water from the main track 
which the "Dunfermline Water Commissioners have just 
laid as part of their new scheme for obtaining water from 
Glendevon. Incidentally, it is mentioned in connexion 
with the proposal that while the cost of a 4-in. pipe laid 
and ready for use was 5s, 11d. per yard in 1873, it is now 
only 2s,1ld. It was reported to a meeting of the town 
council of Dunfermline, on Monday last, that the pipes 
manufactured by Messrs. Laidlaw and Son, Glasgow, had 





all been laid by the contractors, Messrs. Stuart and Creber, | 9 
for the new water supply between the Devon and Craig- 





e Board of Super- | pad 


luscar, near Dunfermline; they had also been tested, and 
it was found that on the whole they stood the pressure 
remarkably well, there being very few failures.—The 
town council of Ayr are about to advertise for tenders for 
the construction of a reservoir at Carcluie, the estimated 
cost of which is set down at 7100/7. The provost ata 
meeting of council held on Monday, remarked that 
this was a large sum, but thereservoir would enable them 
to possess a large storage of water, and would afford an 
ample supply for the wants of the inhabitants for a long 
time to come. 


THE TWIN STEAMSHIP “ EXPRESS.” 

On Saturday last a trial was made of the twin steam- 
ship Express, just built by Messrs. A. Leslie and Co., of 
Hebburn-on-Tyne for the Channel service. We hope on an 
early occasion to publish a full description of the Ex- 
press, but in the mean time we | give a few Da 
of the vessel, premising that it was designed by Mr. Andrew 
Leslie to ss the same steadiness which distinguished 
the Cas’ , and at the same time to attain a much higher 
speed and have a somewhat less draught of water. 

The general dimensions of the Express are: Length 
over all, 300 ft.; breadth of beam, 61 ft. ditto extreme over 
sponsons, 65 ft. Gin. ; depth of hulls moulded, 14 ft. 6in. ; 
height of superstructure, 8 ft.; length, about 200 ft. ; 
width of each, 18 ft.3in. ; clear width m hulls, 25 ft. 
6in. ; draught of water, complete, with 90 tons of coals in 
her, 6ft. 7in. forward, and 6ft. Sin. aft. The leading 
feature of difference between the Castalia and the Express 
lies in the construction of the hulls, inasmuch as whereas 
the former is two half ships placed a certain distance 
apart, and giving a paralle! channel between, the Express 
is made up of two complete ships, each having sym- 
metrical sides, the two hulls being rigidly connected by 
four transverse iron girder bulkheads, which span the 
channel between the two vessels and enter into the con- 
struction of the hulls from the keels to the upper decks. 
There are four rudders, namely, one at each end of each 
hull; the Express being made with both ends alike, so 
that she can steam either ahead or astern, and so enter 
her stations without having toturn round. Each rudder 
is so constructed as to form part of the bow of the ship— 
narrow at the outer end and wider at the inner end. The 
rudiers work upon a centre pin, and, when not in use, are 
securely locked into a line with the bows 4 means of 
strong bolts, which are raised or lowered from the working 
decks by means of cranks. 

The passenger accommodation is all situated in the 
superstructure which binds the two hulls together. The 
general saloon at the fore end occupies the whole width of 
the superstructure, and is a handsomely furnished and 

ious apartment. Abaft the general saloon is situate 
that set apart for the exclusive use of ladies, and this is 
fitted up with the same view to comfort. These saloons 
are approached by se te sets of circular stairs from the 
upper At the further end of the superstructure are 
the refreshment saloon and a number of private cabins, 
these being also entered by means of distinct stairs from 
the upper deck, the tops of the stairs in these and the 
other saloons being sheltered by a large roundhouse with 
glass panels. There is accommodation for over a thousand 











Passengers. pain 

The engine space is situated between the two sets of 
saloons, and each engine room is approached from the deck 
by either side. The engines, which were erected by Messrs. 
Black, Hawthorn, and Co., of Gateshead, from the designs 
of Mr. Jacob Wallace, of that firm, are constructed upon 
the diagonal inclined principle, with two cylinders in each 
half of the steamer, each pair working upon one crank 
pin. The cylinders are each 63 in. in diameter, and the 
stroke of the pistons is 6 ft. The engines, while making 
40 revolutions per minute, have indicated no less than 4200 
horse power. The engine frames are built solid into the 
vessel, and the guide bars form a tie between the cylinders 
and the main shaft. All the engine frames are of wrought 
iron, with the exception of the carriages, which are of cast 
iron. In order to obtain lightness combined with strength 
a great many of the working parts are forged solid, the 
weigh bars for working the slides having the levers forged 
— them. The crossheads and motion-blocks are entirely 
of wrought iron and gun metal, and the piston rods and 
all the an wee parts are of steel. cylinder 
is com » having its own condenser, air pump, and feed 
and bilge pumps. The engines are reversed by means of 
a small steam cylinder, and there is also a smali steam 
cylinder for the que and shutting of the main stop 
valve of each cylinder. The whole of the gear and pumps 
are worked from a small shaft, in order that the weight 
might be mini’ as much as possible, and the end of 
the shaft is held by a bracket made of cast steel. The 
dle wheels, which are disconnected, and work perfectly 
independent of each other—one being capable of bei! 
worked ahead while the other is ing—are furni 
with feathering floats. The extreme diameter of each 
wheel is 24 ft. ; the wheels have each 10 floats, measuring 
each 10 ft. 6 in. in length, and 4 ft. 9in. in depth. 

Steam is obtained from four boilers, 15 ft. dia- 
meter and 19 ft. long; each boiler is fired from both 
ends by means six furnaces, the total number of 
furnaces being twenty-four, with eight stoke-holes. The 
furnaces are each 3ft. 10in. in diameter and 7 ft. 
6in. in le . The furnaces have an area of grate 
surface of square feet, and of heating surface of 1350 
square feet. A steam dome tis placed on the top of each 
boiler. There are four chimneys, oval in shape, and mea- 
suring 9 ft. by 4 ft. Gin. in section. The heaviest casting: 
in connexion with the engines were the cylinders, whi 
weighed 11 tons each, and were cast by Mr. William Black, 
North-Eastern Foundry, South Shi The boilers have 





wor of 30 Ib. to the square inch, which is 
folly’ tunfateie ed when the engines ‘are running at full 





speed, or forty revolutions per minute, the consumption of 
coal being at the same time at the rate of six tons per hour. 
Each boiler is furnished with. a donkey engine, the whole 
of the donkeys being connected. 
Upon the saloon decks, amidships, is a raised deck, a sort 
of enlarged bridge, upon which is situate the yo | ap- 
tus and the compasses. The Express is stee by 
r. Brotherhood’s patent steam steering gear. It may be 


added that the ress is fitted with patent windlasses 
and winches, worked by steam power, and is provided with 
four lifeboats. The whole of the upper surface of the 


superstructure is reserved for passengers, and the lower 
deck at the ends of the vessel and the narrow strip at the 
sides is reserved exclusively for the sailors to navigate the 
steamer. There are no holds in the hulls of the vessel 
save the space that is necessary to carry the bunker coals. 
The trial of the vessel on Saturday last was very suc- 
cessful, the Express proving an easy sea-boat, and the 
engines, which indicated nearly 4200 horse power, working 
with perfect smoothness and regularity. After four hours 
over the measured mile between Whitley and Hartley— 
which showed a mean speed of overj14 knots—the steamer 
was taken fora straight run northwards as far as the Coquet 
Island, with the view of testing what rate of speed would 
be occupied in the run home to the Tyne, so as to form 
an opinion as to the time that would be consumed in the 
of the English Channel. The distance from the 
Coquet to the Tyne is 22} miles, whereas that between 
Dover and Calais is 21 miles. The time occupied in the 
run home was 1 hour 21 minutes, which gave a mean speed 
of 14.48 knots, which is equal to 16.6 miles. In fairness to 
Messrs. Leslie, it ought also to be stated that owing to having 
been lying in the river about: twelve months, the bottoms 
of the hulls have become very foul with grass, &c., which 
would materially impede her progress through the water. 
When properly cleaned, and the crew have become 
thoroughly acquainted with the machinery, it is fully ex- 
pected that her speed will be decidedly increased. 





THE BeLGiIan Coat Trape.—This trade remains in a 
feeble condition. It is not altogether clear thata slight 
further fall will not take place in prices. 


WEIGHING MAcHINES.—We understand that Messrs. 
Hodgson and Stead, of Manchester and London, have had 
awarded to them an order for fifty-five of their special and 
improved weighing machines, with their patent polygraded 
steelyard for the Great Indian Seategier ilway Com- 
ay ow this along with the several orders they have now 
on d, including one for fifty-nine machines for the 
India States Railway, speaks highly as to the merits of 
these machines. 








SPONTANEOUS COMBUSTION OF CoAL CARGOES.—We 
have frequently drawn attention to this subject in ENGI- 
NEERING, and the views we have ex have been 
confirmed by the following report of the Board of Trade 
as to the cause of the loss of the barque Annie Rich- 
mond, the inquiry having been [Ss at Liver- 
pool. It appears that in respect to tons of the cargo 
which had come from the West Lancashire Colliery Com- 
mf main delf-seam there was evidence of Mr. Hedley, 

er Majesty’s inspector of mines for the district, which 


showed that such coal was particularly liable to spontaneous 
combustion, while about 80 tons had been shipped in a wet 
condition. Another element of danger was ed by the 


coal being dropped into the bold from the wagons, and thus 
becoming broken up, and afterwards consolidated, in which 
state it was more liable to spontaneous combustion. It ap- 
peared that the ventilators of the ship were choked up, 
and therefore useless. In spite of the strong recommenda- 
tions of the Royal Commissioners of 1876, no thermometer 
was on board to test the temperature of the hold and coal. 
There was no fire engine on board, and the hose was useless. 
In conclusion, the opinion was expressed that a thorough 
system of surface ventilation should be made compulsory 
upon masters and ownérs of coal-laden ships. We may 

d that two other provisions might be canted namely, 
that it would be desirable to have better informed men as 
masters, and more careful and conscientious men as owners 
of such vessels, for apart from these conditions, the pro- 
visions of any compulsory legislation would be a mere 
farce in practice. 





Srzam Powzr on TRamMways.—The Select Committee 
of the House of Commons, to consider the numerous ap- 
plications that have been made to apply and regulate the 
use of steam and other mechanical power on tramways met 
this week. Mr. Farrar, of the Board of Trade, stated that 
the employment of steam power on the tramways of the 
Vale of Clyde in Scotland, had given satisfactory results. 
Although the engines had been run faster than was at first 
intended, still they were provided with ample brake power. 
It appears that the Board have already granted provisional 
orders for the use of steam on tramways, and during the 
present session provisional orders were asked for nearly 100 
miles of line, involving a capital of 500,0001. On more 
than one occasion the Board had refused orders under cir- 
cumstances wherein steam was unsuited for senger 
traction. All the regulations now sought to be laid down 
were of an experimental nature, as the Board required 
further information before proceeding further in this 


matter. It appears that at Swansea a tramway company 
had bought an old tramway, and used steam on it without 
nuisance of the public. Steam 


authority, to the general 
trials had been made at Leicester, Edinburgh, and Belfast, 
and recently near London, but at present there exists no 
authority for the use of steam on tramways. Mr. Farrar 
recommended steam tramways to be p. under the con- 
trol of the Railway Commissioners. u 

ve evidence in favour of the use of steam, from what he 
had seen of the trials in the Vale of Clyde. It is already 
in extensive use in Paris. 
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TABLE GIVING THE LEADING PARTICULARS OF THE 
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& DRAUGHT. i 3 
g r ; a 4 —  _ ——s 
° 3 ota ea 
%| NAMES OF VESSELS. ; 5 3 Z 2 NUMBER AND DESCRIPTION OF GUNS. THICKNESS OF ARMOUR-PLATING. 53 
& g | | 
dla |] fia] 3 # || 
g 3 FJ a g z Es 3 Ba | 
. . ft. im. | ft. im. | ft. im. | ft. in. —T 
UBRET SHIPS. 
1 |Thunderer__,,, . ew} 285 0} 62 3] 26 4] 27 2 | 9330 Iron Unmasted Two 88-ton in fore turret and two 35-ton in after turret (14 in. and 12 in. on turrets, 12 in. and 10in. on sides 6270 
2 |Devastation ..,. io 285 0; 62 3! 26 3/| 27 1 | 9800 ~“ * Four 35-ton in two turrets 14 in. and 12 in. on turrets, 12 in. and 10 in.on sides 6633 
3 | Monarch am 330 0| 57 6| 22 7| 26 O| 8322 | i. Barque setae po pe ee 9 eeimmeee, 10 in. and 8 in. on turrets, 7 and 6 in. on sides 7842 
4 /Glatton ... eee ese 245 0; 64 0/ 19 0] 19 0 | 4855 ae Unmasted Two 25-ton in turret 14 in. and 12 in. on turrets, 12 in.and 10 in. on sides 2868 
5 |Hotepur... 9... ase 235 0; 50 0; 19 0| 20 8 | 4010 | - * One 25-ton in tarret and one 64-pounder aft 11 in. and 8 in. 3497 
6 |Rupert ... — in .| 250 0) 53 0 21 6/| 23 6 | 5158 a ” Two 18-ton in turret and one 64-pounder aft 14 in. and 12 in. on turrets, 12 in. and 9 in. on sides 4635 
7 |Prince Al - 240 0; 48 1/ 18 8| 20 4) 3905 | . Fore and aft rig Four 12-ton in four turrets 54 in. and 4} in. on turrets, 4} in. on sides 2128 
8 |Oyclops ... ose ove 225 0; 45 0} 15 6) 16 6 | 3430 | " Unmasted Four 18-ton in two turrets 10 in. and 9 in, on turrets, 9 in, and 6 in. on sides 1660 
9 /Gorgon .., 4. os» | 225 0} 46 0) 16 6) 16 6 | 3480 - " Four 18-ton in two turrets 10 in, and 9 in. on turrets, 9 in. and 6in. on sides 1669 
10/Hecate ... 9. uve oe} 225 «0 | 45 0} 16 6] 15 6! 3430 | ” ” Four 18-ton in two turrets 10 in. and 9 in. on turrets, 9 in, and 6 in. on sides 1755 
Wi/Hydra 4. «+ os =o | 225 «0 | 45 0} 16 6} 15 6) 0; ” Four 18-ton in two turrets 10in. and 9 in, on turrets, 9in. and 6in. on sides M472 
12/ Scorpion oo uses | 994 | 649-4] «16 6) 16 12 | 2777 | - Barque Four 12-ton in two turrets 5in. on turrets, 4} in. and 3in. on sides 1455 
18/Wivern ... s+» «+ sone} 294 6 | 42 4) 15 4) 16 7 | 2725 | e ” Four 12-ton in two turrets 5in. on turrets, 4} in. and 3in. on sides 1446 
14|Royal Sovereign _.., .| 240 6] 62 2] 21 6 | 2411 | 5080 | Wood Unmasted Five 12-ton in four turrets 5} in. on turrets, 5} in. and 44 in. on sides 2463 
BROADSIDE SHIPS. 
15jAlexandra__a,, 325 0] 638 8| 26 0/| 26 6 | 9492 Iron Barque Two 25-ton and ten 18-ton 12 in., 8 in., and 6 in. 8615 
16\Téméraire 4, os 205 0| 62 2/ % 6| o7 o| siz) y Brig Four 25-ton and four 18-ton 11 in. and 8 in. 7700 
17/Sultam .., se os 825 0; 59 0] 2410) 27 6 | 9286) “ Ship Eight 18-ton and four 12-ton 9 in, and 6 in. 8629 
18| Hercules as on o-| 825 0] 59 O}| 28 0] 96 § | 8677 ee Barque Eight 18-ton, two 12-ton, and four 6j-ton 9 in. and 6 in. 8529 
19/ Shannon one 260 0| 54 0] 20 0} o@ g | 5103 | . - Two 18-ton and seven 12-ton 9 in. and 6 in, 3370 
g0|Bellerophon ... ... 300 0| 56 0] 2210| o¢ 7/7551) ,, - Ten 12-ton and five 6}-ton 6 in. 6312 
91|Swifteure eco ose | 280 0|} 55 0| 24 1 26 2 | 6660 | ~ ” Ten 12-ton and four 64-pounders Sin. and 6 in. 4913 
22| Triumph eee we = oe 280 0] 55 0] 24 2] og 2 | 6660 | eo 9 Ten 12-ton and four 64-pounders Sin. and 6 in. | 4392 
23| Audacious ose ove 280 0| 54 0/| 22 0} og o | 6034 ee e Ten 12-ton and four 64-pounders Sin. and Gin. | 4021 
24|(nvincible eco eco 280 0; 54 0 22 0 23 © | 6034 | - * Ten 12-ton and four 64-pounders } 8in. and Gin. 4832 
96|lron Duke on out | 280 0} 54 0} 22 0] og | 6034 | - - Ten 12-ton and four 64-pounders | 8 in. and 6 in. | 4268 
26|Penelope we oe | 260 0] 50 0] 15 9] 97 g | 43%], Vs Eight 9-ton and four 40-pounders Gin. and 5 in. | 4708 
27| Agincourt ous ons 400 0} 59 5] 26 0} o¢ 10 10,346) - 5-masted Seventeen 12-ton 5} in. 6867 
28/ Minotaur os = owe wee} 400 0 | 59 5 | 26 3B! 7 O |10,390 . ss Seventeen 12-ton 5} in. 6702 
29|Northumberland ,,, ..., 400 0/ 59 5| 26 4) o7 9g /|10,584 ‘s ée Seven 12-ton and twenty 9 ton 5} in. 6558 
90/ Achilles... on ose 830 0| 58 4/| 26 6] a7 2 | 96% ™ Ship Fourteen 12-ton and two 9-ton 4} in. | 5722 
$1|/Black Prince ... ooo 3880 0| 58 4/ 26 4] 96 10 | 9169 ~ a Eight 9-ton and twenty 6}-ton 44 in. 5772 
32| Warrior... ie ee «| 880 0}; 58 4/| 26 2) 6 9 | 9106 | ” - Eight 9-tonand twenty-four 64-ton 4} in, | 5469 
33|Heetor .., -_ ows 280 2) 56 &6| 25 1/| o¢ oO | 6697 | ” - Four 9-ton and fourteen 6}-ton 44 in. 3256 
94| Valiant ... on eee 280 2| 56 4) 25 2| 9 2 | 6730 e “Barque Four 9-ton and fourteen 6j-ton 4} in. 3560 
35|Resistance .., «. «| 280 0] 54 1| 23 7| 96 7 | 6060 . Ship Two 9-ton and fourteen 6}-ton 43 in. | 488 
36| Defence... ons ose | 280 0| 564 2) 24 4] 96 1 6080 | mm " Two 9-ton and fourteen 6}-ton | 4} in. 2537 
37\Lord Clyde... us 280 0/| 5811) 23 9| a7 2 | 7742 Wood e Eighteen 6}-ton 5} in. and 4} in, |} 6068 | 
gg\Lord Warden... ... 280 0 | 59 0] 2311] e7n1 | 7942 . . Eighteen 6}-ton 5} in. and 4} in. | 6706 
$9/RoyalAlfred ... 273 0| 587| 28 8| 97 o| 6707; ,, 7 Twenty-four 6}-ton 6 in. and 4} in, ot | 
40|/RoyalOak ..  ... a73 0| 58 6| 2811/| 95 2 e366 |, Barque Twenty-four 6}-ton 44 in. | 37 
41) Prince Consort | 973 1] 68 5) 2%! a¢30/ 6715), Ship Twenty-four 6}-ton 4} in. } 424 | 
42\Caledonia =. =, 2 | 273 0 | 59 2] 24 5 | 27 0 | 6855 . ‘ Twenty-four 6}-ton 44 in. | 4588 | 
43}Ocean .. 4, uss 978-1 | 68 GF | MH S| 7 G | 6929 . i Twenty-four 6} ton | 44 in. 4244 
44|Zealous ... eee oe 252 0} 68 7) 2% O| 9 9 6096 % Twenty 6}-ton 4} in. 3623 
45\)Repulse.., ane 252 0] 59 1/| 2 0} a6 6 | 6190 e io Twelve 9-ton 6 in. and 44 in. 3347 
ns a Se 225 0| 50 0| 19 1] a 3g | 3787 ” os Four 9-ton, two 64-pounders and two 40-pounders | 4} in. 3581 Woolf's 
47| Favourite ae Fins -| 225 0| 4610} 1911] 22 g | 32382 ” - Eight 6}-ton and two 64-pounders | 44 in. 1773 
48] Research ois” 195 0| 38 6| 12 3| 15 3| 1741 | rm Barque Four 100-pounders 4} in, 1042 
49/Enterprise ...  ... 180 0} 36 0} 12 4| 1510 | 1350) - Pe Four 6}-ton 4} in. 692 
50|Waterwitch ... .. «| 162 0| 3921/)/ 17] un 1279 Iron |3-masted schooner) Two 6}-ton 4} in. 677 
0 160 0| 32 0] 10 3] a2 g/| 1228) ‘ - Two 6}-ton 44 in. 696 
S2Vizem 2... ne ae 160 0| 32 5/| 1010] li 8 | 1237 Composite vs Two 64-ton 44 in. 7 
IRONCLAD SHIPS BUILT BY | 
——e @ 
53) Abyssinia eve ove » | 226 0; 42 v/; 16 OO}; WO | 3029 Iron Unmasted Four 18-ton in two turrets 10 in. and 8 in, on turrets, 8 in. and 6 in. on sides 1200 
54) Magdala ae a wef 225 01 45 0} 15 6] 15 6 | 3413 i“ i Four 18-ton in two turrets 10 in. and 9 in. on turrets, 9 in, and 6in. on sides 1500 
55) Cerberus so wee 225 0) 45 0 | 16 6| 16 6 | 3413 | . < Four 18-ton in two turrets 10 in. and 9 in. on turrets, 9 in. and 6 in. on sides 1369 
LIST OF THE IRONCLAD SHIPS BUI 
7? 
| 
TuRRET SHIPS. | 8000, estimtd. | 
56! tnflexible i. all o-| 820 0} 76 0} 25 7] 26 7 |11,500; Iron Brig Four 80-ton in two turrets 18 in. on turrets, 24in. and 16 in, on sides » } 
57/Dreadtiought .. .. «| 820 0] 6810) 26 8 | 27 2 |10,950 a Unmasted Four 88-ton in two turrets 14 in. on turrets, 14 in. and 11 in. on sides 8000, estimtd > 
38 - _— a Gate?! 300 0} 62 3| 2% 4| 25 2| 8960 a Barque Four 98-ton and two 6}-ton Whitworth 18 in. and yee te tye hy in, 10in, pense Verte 
oe Agumennen ses cee ews 200 0 | CBO} 28:0] MO 8492 mi Unmasted Four 38-ton in two turrets 16 in. on turrets, 18 it, 16 in., and 11 in. on sides |6000, es ~ tan 
GOlAjax 44, oneness nme] 280 0] C6 0} 23:0) M O| S492 ‘ ” Four 88-ton itt two turrets 16 in. on turrets, 18 in., 16 in, and 11 in. on sides |6000, estim 
BROADSIDE SHIPs. 
61)/Superbt a ws ewes wwe 883 3] BB O} 2M OO} 2 O| 8950 ” Ship Twelve 18-ton and two 64 ton 12 in. and 9 im. 7431 
62| Belleislet cesses we | 245 | 2 -O} 19 0} 19 6 | 4700 s Unmasted Four 25-ton 12 in. and 8 in po 
6ilOriont ... ... ss ews) 9465 «OO | 62 O} 19 0] 19 6 | 4700 m * Four 25-ton 12 in. and 8 in. eS ie 
Ga|Nolsom ... ce esses] 280 | GOO] 24 0} 25 0} 7328 e Ship Four 18-ton and eight 12-ton 9 in. and 6 in. 6000, Vet 
65|Northampton... ..  .... 280 01 60 0] 24 0] 2% 0| 7323 ” * Four 18-ton and eight 12-ton 9 in. and 6 in. an een estimntd.} 
$ The measured mile trils BA? not, 


* Recently purchased of the Brazilian Government. + Recently purchased of the Turkish Government. 
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IRONCLAD SHIPS OF THE BRITISH NAVY.—(See Page 224.) 
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; ENGINES. 5 le 
- > |S PS 
—————— 2s. | = | 88 z 
. Cylinders. os 2 =| 5 
a F 3 Bs HULL, WHERE BUILT. MANUFACTORERS OF ENGINES. WHERE STATIONED. Az 
3 DesoRIPTION. 5 8 P ag s Bs : 
E g |? g|¢ = 3 
¥ a a 7) a & |a° Prot 
——————————— in. ft. in. 
0 Horizontal, twin screws 4 77 3 6 13.4 | 1350 | 399 Pembroke Dockyard Humphrys and Tennant Channel Squadron. 1 
3 Horizontal trunk, twin screws 4 88 3 6 | 188 | 1850| g99 Portsmouth Dockyard J. Penn and Sons Mediterranean. 2 
2 Horizontal, four piston rods, single screw 2 120 46 14.9 600 | 595 Chatham Dockyard Humphrys and Tennant Under repair at Chatham. 3 
8 Horizontal twin screws 4 60 23 | 121 | 240] 900 Chatham Dockyard Laird Brothers Portsmouth (for coast defence). | 4 
7 Horizontal, direct, twin screws 4 64 29 12.65 | 300] 175 R, Napier and Sons R. Napier and Sons Mediterranean. 5 
5 Horizontal, twin screws 4 80 40 12.4 350 | 200 Chatham Dockyard R. Napier and Sons Mediterranean. 6 
8 Horizontal, single screw 2 72 3 0 11.65 | 220] 195 Messrs. Samuda Brothers Humphrys and Tennant Devonport (for coast defence). | 7 
» | Compound 4/ 3lin.andd7in. | 2 3 10.03 | 300] 150 Thames Iron Works J. Elder and Company Devonport (for coast defence). | 8 
, | Compound 4 45 20 | 1114 | 300} 450 Palmer Brothers Ravenhill and Hodgson Devonport (for coast defence.) | 9 
5 Compound 4 45 20 | 109 | 300| 450 J. and W. Dudgeon Ravenhill and Hodgson Devonport (for coast defence). | 10 
) | Compound 4| Slin.and57in. | 2 8 | 112 300 | 150 J. Elder and Company J. Elder and Company Devonport (for coast defence). | 11 
5 Horizontal, single screw 2 56 3 0 10.52 | 300 | 155 Laird Brothers Laird Brothers Bermuda (for coast defence), | 12 
. 7 Horizontal, single screw 3 56 3 0 | 10.06 | 300/ 155 Laird Brothers Laird Brothers Devonport (for const defenses). | 28 
3 | Horizontal, single screw 3 82 40 | 110 230 | 300 Portsmouth Dockyard Maudslay, Sons, and Field Portsmouth (unappropriated). | 14 
Vertical, compound, twin screws 6 |69in., 90in., &90in.| 4 9 | 15.0 550 | 600 Chatham Dockyard Humphrys and Tennant Flagship, Mediterranean 15 
Vertical, compound, twin screws 4 | 69in.and il4in.| 310 | 14.56 | 500) 550 Chatham Dockyard Humphrys and Tennant Mediterranean 16 
) Horizontal trunk, single screw 2 118 4 6 14.13 | 600 | 650 Chatham Dockyard J. Penn and Sons ee we 7 
) Horizontal trunk, single screw sd 118 46 | 147 | 600! 650 Chatham Dockyard J. Penn and Sons Under tres stn OI us 
) Compound, horizontal return-acting, single screw 4/ 44in.and 8in. | 4 0 | 126 300 | 490 Pembroke Dockyard Laird Brothers Flagship, Ne sy pe 19 
Horizontal trunk, single screw 2 1043 40 14.17 | 600 | 550 Chatham Dockyard J. Penn and Sons { West Indies. } 20 
Horizontal, single screw 2 98 40 13.75 | 450 | 450 Palmer Shipbuilding Company Maudslay, Sons, and Field Moditersenenn 21 
) Horizontal, single screw : 98 4 0 | 1407 | 450] 450 Palmer Shipbuilding Company Maudslay, Sons, and Field Under repair at Portsmouth, | 22 
Horizontal, twin screws | ¢ 77 3 0 | 128 | 450] 450 R. Napier and Sons Ravenhill and Company Flagship, ‘aa 23 
Horizontal, twin screws | 4 72 3 0 | 1409 | 450| 450 R. Napier and Sons R. Napier and Sons Under repair at Devonport, | 94 
: Horizontal, twin screws | 4 77 30 | 186 450 | 450 Chatham Dockyard Ravenhill and Company Under repair by Laird Brothers.| 25 
Horizontal, twin screws 6 553 2 6 | 1276 | 300] 350 Pembroke Dockyard Maudslay, Sons, and Field Under repair at Chatham. | 26 
Horizontal, single screw : 101 46 | 154 | 750] 700 Laird Brothers Maudslay, Sons, and Field Flagship, Mediterranean. 27 
Z oiler 2 + 5 J. Penn and Sons Flagship, Channel Squadron. | 28 
Horizontal trunk, single screw 1043 4 4 | 1441 | 750 | 705 Thames Iron Works e 
| Horizontal trunk, single screw | 3 1043 4 4 | 1413 | 750) 705 Millwall Iron Works J. Penn and Sons Under repair at Devonport, | 29 
| Horizontal trunk, single screw | 3 1043 40 14.32 | 700 | 765 Chatham Dockyard J. Penn and Sons Mediterranean. 30 
Horizontal trunk, single screw | 3 1043 40 | 136 700 | 705 R. Napier and Sons J. Penn and Sons Flagship, Channel Squadron. | 81 
| Horizontal trunk, single screw | 3 1043 40 14.35 | 700 | 705 Thames Iron ' Works J. Penn and Sons et ee Service). | 32 
Horizontal, single screw ; 3 82 4 0 | 12.36 | 450) 600 R. Napier and Sons R. Napier and Sons { Bervice). ; 33 
Horizontal, single screw 2) 82 4 0 | 1265 | 450] 600 Thames Iron Works Maudslay, Sons, and Field aogaee oon hire ‘ona 34 
| } Horizontal trunk, single screw | 2 705 36 11,83 | 450] 460 Westwood and Co, J, Penn and Sons { rd Service } 85 
Horizontal trunk, single screw - 70% 3 6 | 1162 | 450| 460 Palmer Brothers J. Penn and Sons Drill shipat Portamouth, en- 86 
| Horizontal, single screw 2 116 40 13.43 | 600 | 605 Pembroke Dockyard Ravenhill and Company gines removed. } 37 
Horizontal, single screw 3 91 | 4 6 | 185 | 600] 607 Chatham Dockyard Maudslay, Sons, and Field Queensferry (Coastguard Service)| 38 
Horizontal, single screw 82 4 0 | 12.36 | 500] 605 Portsmouth Dockyard Maudslay, Sons, and Field Portsmouth (unappropriated), | 39 
Horizontal, single screw 2 82 4 0 | 1253 | 560| 605 Chatham Dockyard Maudslay, Sons, and Field Portsmouth (unappropriated), | 40 
Horizontal, single screw ’ 92 4 0 | 1812 | 560] 605 Pembroke Dockyard Maudslay, Sons, and Field Devonport (unappropriated), | 41 
Horizontal, single screw | 3 92 40 13.08 | 600 | 605 Woolwich Dockyard Maudslay, Sons, and Field Devonport (unappropriated), | 42 
Horizontal, single screw ee 92 4 0 | 12.90 | 570] 605 Devonport Dockyard Maudslay, Sons, and Field Devonport (unappropriated). | 43 
Horizontal, single screw | 2 82 40 11.74 | 510} 600 Pembroke Dockyard Maudslay, Sons, and Field Portsmouth (unappropriated). | 44 
Horizontal trunk,’ single screw 2 82 40 12.2 500 | 500 Woolwich Dockyard J, Penn and Sons Under repair at Portsmouth. | 45 
Woolf's principle, single trunk in large cylinder, single screw 4 | 5lin. and 99jin.| 3 3 13.06 | 250; 250 Woolwich Dockyard Humphrys and Tennant Mediterranean. 46 
Horizontal, single screw | 3 64 2 8 | 11.82 | 350) 271 Deptford Dockyard Humphrys and Tennant Portsmouth (unappropriated), | 47 
Horizontal, single screw 2 50 2 0 10.38 | 130 | 139 Pembroke Dockyard J. Watt and Company Mediterranean. 48 
Horizontal, single screw 2 45 1 6 9.94 | 110] 130 Deptford Dockyard Ravenhill and Company Chatham (unappropriated). | 4 
Hydraulic jet propeller s 384 3 6 9.23 100 83 Thames [ron Works J. and W. Dudgeon Portsmouth (for coast defence), | 50 
Horizontal, twin screws 4 32 16 9.59 100 83 J. and W. Dudgeon Maudslay, Sons, and Field Bermuda (for coast defence), | 51 
Horizontal, twin screws ¢ 32 1 6 8.89 | 100 83 | Mr. Lungleys’s Yard, Deptford Green Maudslay, Sons, and Field Bermuda (for coast defence), | 52 
Horizontal, twin screws 4 34 1 9 9.6 95 | 100 J. and W, Dudgeon J. and W. Dudgeon Bombay (for coast defence). | 53 
Horizontal, twin screws 4 48 9 9.75 | 120| 150 Thames Iron Works Ravenhill and Company Bombay (for coast defence), | 54 
Horizontal, twin screws 4 43 2 3 9.7 120 | 150 Palmer Brothers Maudslay, Sons, and Field Melbourne (for coast defence). | 55 
BUILD D VY 
ING FOR THE BRITISH NAVY. 
| 
wa Vertical compound, twin screws 6 |70in., 90in., &@90in.) 4 0 |14, estd.| 1200 | 350 Portsmouth Dockyard J, Elder and Company Portsmouth. 56 
ads) Vertical compound, twin screws 6 |69in., 90in., &90in.| 4 6 |14estd.t) 1200 | 350 Pembroke Dockyard Humphrys and Tennant Portsmouth. 57 
» ee Margene trunk, single screw 2 1s 46 | 1465 | 700| 550 ‘g and e ‘at J. Penn and Sons Sheerness. 58 
1. "We 8 three-cylinder compound, twin screws 6 54 3 3 |13, estd| 700 | 325 Chatham Dockyard J. Penn and Sons Not yet launched. 59 
- rtical, Penn's three-cylinder compound, twin screws 6 54 8 3 |18, estd.| 700 825 Pembroke Dockyard J. Penn and Sons Not yetlaunched. 60 
Horizontal, single screw 2 116 4 0 | 1378 | 600| 650 Themes Iron Works Maudslay, Sons, and Field Chatham. 61 
Horizontal, twin screws 4 65 26 12,99 | 300 | 300 Samuda Brothers Maudslay, Sons, and Field Chatham. 62 
“ Horizontal, twin screws 4 65 2 6 |12, estd.| 300 | 300 Samuda Brothers Maudslay, Sons, and Field Not yet launched, 63 
“ Veet, a compound, twin screws 4 | 60in,and104in.| 3 6 |1é,estag| 560| 550 J. Elder and Company J. Elder and Company Chatham. 64 
® three-cylinder compound, twin screws 6 54 3 8 jidestdy] 560 | 550 R. Napier and Sons J. Penn and Sons Devonport. 65 
































bare 
cay nn We been made of these ships; but their performances upon such preliminary trials as have been made show that the estimated powers aud speeds will probably be exceeded 
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MANCHESTER: John Heywood, 143, Deansgate. 
GLAsGow: William Love. F 
EDINBURGH: John Menzies and Co.,12, Hanover-street. 
France: Lemoine, 15, Quai Malaquais, Paris. 

BELGIUM: P. Bailly, 37, Rue des Fripiers Brussels. 
Kirkland and Cope, Ostend. 

UNITED STATES: 
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VIENNA: Lehmannand Wenzel,Karntnerstrasse, 
Geroldand Oo, 

Lerpzi¢: Alphons Darr. 

BERLIN: Messrs. A. Asher and Co., 5, Unter den Linden. 

CALCUTTA: G. C. Hay and Oo. 








Advertisements cannot be received for insertion in the current 
week later than 5 P.M.on Thursday. The charge for advertise- 
ments is three shillings for the first four lines or under. and eight- 

mee foreach additional line. The line averages eight words, 

‘ayment must accompany all orders for single advertisements, 
otherwise their insertion cannot be guaranteed. Terms for 
displayed advertisements on the wrapper and on the inside pages 
may be obtained on application. 

The price of ENGINEERING to annual subscribers in the 
United Kingdom receiving copies by post is 1/. 9s. 2d. per annum, 
this including two double numbers. If credit be taken, the 
charge is 2s. 6d. extra, the subscriptions being payable in 


advance. 
FOREIGN SUBSORIPTIONS. 
The rates for subscriptions to ENGINEERING from abroad are: 
1J. 158.8d, For Australia (via Southampton), Austria, Belgium, 
Brazil, Canada, China (via Southampton), Denmark, 
Egypt (via Brindisi), France,Germany, Greece, India 
(via Southampton), Italy, Netherlands, Natal, New 
Zealand(viaSouthampton), Norway, Portugal, Russia, 
Spain, Sweden, Switzerland, and United States of 
America, 
21.4s.4d. For Australia, (via Brindisi), China (via Brindisi), 
India (via Brindisi), and New Zealand (via Brindisi). 
All accounts are payable to the publisher, Mr. CHARLES GIL- 
BERT, 37, Bedford-street. Cheques crossed “Union Bank,” 
Caeane. Cross Branch. Post Office Orders to be made payable 
at 407, Strand, London, W.O. 
Office for Publication and Advertisements, No, 37, Bedford- 
street, Strand, W.O. 


ENGINEERING is registered for transmission abroad. 


READING OASES.—Reading Oases for containing twenty-six 
Numbers of ENGINEERING may be had of the publisher or of any 
newsagent. Price 6s.each. 








NOTICE TO AMERICAN SUBSORIBERS, 

We beg to announce that we have appointed Mr, Lenox 
Smith, 56, Broadway, New York, the sole agent for ENGI- 
NEERING in the United States, and all subscriptions for the 
United States will in future be payable to him. Mr. Lenox 
Smith is also prepared to receive advertisements for EN@I- 
NEERING, and will afford full information as to terms, &c., on 
application. The annual subscription for ENGINEERING de- 
livered post free in the United States is 10,50 dols. U.S. currency, 
payablein advance. 








NOTICES OF MEETINGS. 

THE INSTITUTION oF CIVIL ENGINEERS.—Tuesday, March 26, at 
8 pm. “Direct-Acting, or Non-Rotative Pumping Engines and 
Pumps,” by Mr. Henry Davey, Assoc. Inst, O.E. 

THE IRON AND’ STEEL INSTITUTE.—Annual meeting, 27th, 28th, 
and 29th March. Wednesday, March 27th, 3 p.m., meeting of the 
Council at No. 7, Westminster Chambers, Victoria-street, West- 
minster. Thursday, March 28, 10.30 a.m., general meeting of 
members for the reading and discussion of papers, in the rooms of 
the Institution of Civil Engineers, 25, Great George-street, 
Westminster, S.W. Friday, March 29th, 10.30 a.m., general 
meeting of members for the continued reading and discussion of 
pepeee te eaes Discussions: “On Improvements in Belgian 

ree High Rolling Mills," by M. Thomas, read at Newcastle 
meeting; ‘‘On the Protection from Atmospheric Action, which is 
imparted to Metals by a Coating of certain of their own Oxides,” 
by Dr. Percy, F.R.S., read at Newcastle meeting ; “On the Cause 
of the Blisters on Blister Steel,” by Dr. Percy, read at Newcastle 
meeting; “On Improvements in Blast Furnace Water-cooled 
Tuyeres,” by Mr. T. W. Plum, Old Park, Salop.—New Papers: 
“On the Results of further Experiments in Extracting Phosphorus 
from Pig Iron,” by Mr. I, Lowthian Bell, M.P., F.B.S.; “*On some 
recent Improvements in the Manufacture of Iron oe by the 
Blair Process,’ by Mr. J. Ireland, Engineer, Manchester; “On 
Rail Joints,” by Mr. O. H. Halcomb, Sheffield: “On Steel Casting 
Apparatus,” by Mr. Michael Scott, Westminster; “On the Utilisa- 
tion of Slag,” by Mr. J. G. Gordon; ‘On Statistics respecting the 
Production and Depreciation of Rails, and Notes — the Appli- 
cation of Wrought Iron and Steel to Permanent Ways, with a 
Description of a New Railway Sleeper and Clip Ohair,” by Mr. 
Charles Wood, Middlesbrough ; ‘‘On the Manufacture of Bessemer 
Steel and Steel Rails, at the Works of Brown, Bayley, and Dixon,” 
by Mr. C. B. Holland, Sheffield; “On Further Results obtained 
by the Chaudron Method of Shaft Sinking through Water-bearing 
Strata,” by Mr. H. Simon, Manchester.—British Iron Trade Asso- 
ciation. The annual meeting of the British Iron Trade Association 
will take place on Thursday afternoon, immediately after the pro- 
ceedings of the Institute have terminated, 

THE PuHysIcAL SocteTy.—Saturday, March 30, at 3 p.m., 
“ Byrne’s Pneumatic Battery,” by W. ay Preece, 

, THE CHEMICAL AND PHYSICAL SOCIKTY.—Thursday, March 28 
‘On the Transmission of Power by Water under Pressure,” by 
Mr. Paul Nolet, 
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THE NAVY ESTIMATES. 

Apart from the debate upon the Inflexible, which 
we have already discussed, and respecting which we 
shall have more to say next week, the introduction of 
the Navy Estimateshas been this year unusually devoid 
of interest. Thespeech of the First Lord nerally 
displays the shipbuilding programme of the year, 
but this time the nature of the new ironclads to be 
laid down is expressly reserved for future announce- 





ment, while the use which has been made of the vote 
of credit is also reserved for explanation at a later 
date. Five new ironclads are to be laid down, but 
in this number are included the “ New Aga- 
memnon,” and the ironclad ram, promised last year, 
but upon which a beginning has yet to be made. 
One unarmoured ship of new type,} promised to be 
commenced at Chatham last year, has apparently 
dropped out altogether, and the programme of un- 
armoured shipbuilding is exceedingly modest. No 
cruisers of the large classes—Inconstants or Boa- 
diceas—are proposed, but one vessel is to be added 
to the fleet of six swift steel corvettes building by 
Messrs. John Elder and Co., and four small sloops 
of the Cormorant class are to be commenced, as well 
as two gunboats. On the other hand, no less than 
twenty-three unarmoured vessels, now building, are 
to be completed this year. In view of the sudden 
and formidable increase in the strength of the Navy 
by the purchase of the three Turkish ironclads and 
the Independencia turret ship, it is perhaps not un- 
wise to give one year especially} to repairing and 
completing ships. 

ith regard to torpedo boats, the number to be 
built is not shown clearly in the Estimates; 24 
already building are to, be completed, as well as five 
others not yet commenced, Besides this, the Ad- 
miralty is to “provide torpedo flotilla, including 
three new vessels of the Vesuvius class (improved).” 
These three vessels will alone be a formidable addi- 
tion to the fleet, but the “flotilla” is too uncertain a 
quantity for us to attempt to estimate its value. 
The 32 new boats specified, together with the existing 
Vesuvius, Lightning, &c., even without the “ flotilla,” 
will go far to provide a satisfactory defence for the 
ports, for which use we presume they are destined. 
But not less important is it to provide swift torpedo 
boats to be carried on board other ships, a point on 
which there is said to be some division of opinion at 
the Admiralty. The torpedo boat has been rapidly 
growing in size and cost, partly because of an exag- 
gerated demand for speed, and partly from a desire 
to fit it with the most elaborate appliances for dis- 
charging Whitehead torpedoes. ow, a8 in all 
classes of fighting vessels, extremely high speed 
may be too dearly bought, and though we admit the 
torpedo boat must, in proportion, rely more than 
other vessels upon speed rather than upon any other 
quality, still smallness and cheapness are of the 
essence of success. The large boat is quite as likely 
to be sunk as the smaller one, for if her higher 
speed is in her favour, her greater bulk is against 
her, and as she costs more, her loss is more im- 
portant, Even for harbour defence, therefore, 
there is much to be said for boats of only mo- 
derate size, cost, and — while the utility of such 
boats ought to be sufficiently evident to make it 
clear that they would be invaluable adjuncts to 
ships. The fact is, the 40 ft. or 45 ft. boat, able to 
steam 14 or 15 knots—such a boat as a ship can 
practically carry at davits—has come to be looked 
down upon, until the Italians are actually providin 
a sort of dock in the sterns of the Dandolo an 
Duilio, to take in a huge craft of 12 ft. or 13 ft. beam, 
while our own Admiralty has it in contemplation, we 
believe, to fit large ships with an increased number 
of steam launches and steam pinnaces, for torpedo 
as well as general use. Now, for many torpedo 
services such boats may be extremely useful, but 
surely not for taking part in an action by 
daylight. Though the Lightning cannot be carried 
at davits, it is surely better to carry a small 
version of her than a merely extemporised tor- 
pedo boat like a steam-pinnace, which makes no 
pretence to speed, and is not even decked in. Naval 
officers may urge the superior usefulness of ordinary 
steamboats for general purposes, but the fact that 
for every hour of fighting a naval officer sees a year 
of quiet cruising, is apt sometimes to bias the judg- 
ment of naval men in favour of that which tends to 
efficiency in cruising rather than in fighting (we 
recently heard the Northampton declared to be the 
finest ironclad in the British Navy, “because she 
has such splendid accommodation’’), No doubt 
the carrying of two 45 ft. boats of considerable 
weight at davits, in addition to the other boats 
needed, would be a difficult matter to arrange, 
So have been the provision of end-on fire, and 
many other matters which, nevertheless, have been 
grappled with successfully at last, and this is cer- 
tainly not more difficult, while almost as important. 
They would be} awkward things to turn in-board 
during firing from recessed ports, &c., but it would 
be sooner or later, if seriously taken in 
hand, On the other hand, we are not certain that 
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such boats might not be made either from their 

ed or from their large of consider- 
able use to the ship, Until e ship of fightin 
size carries a decked steel torpedo launch 0 high 
speed (say 14 to 15 knots) on each side, it cannot 
be said that our ships are efficiently armed. 

With regard to torpedo defence we fear not 
enough has been done, or is contemplated. Let 
steam launches of all kinds patrol the neighbour- 
hood of the ship, by’all means; but that defence is 
@ precarious one. t who may, believe in torpedo 
nettings. With more prospect of stopping an onset, 
let Harvey torpedoes be towed in strings upon each 
quarter, and, as far as possible, upon beam, 
when the ship is under way. But, chief of all, let 
there be Gatling guns enough to make swre of rid- 
dling the approaching ae boat during the sixty 
seconds or so during which she is within range. 
Two such guns in the tops are but a small protec- 
tion ; what is wanted is power to send such a cloud 
of shot that the mere doctrine of chances shall 
insure the riddling of the enemy, good aim or bad. 
Gatling guns ought to be mounted on the bulwarks 
along both sides of a —_ like the swivel guns of 
old, and nothing less will offer a reasonable cer- 
tainty of escape. 

The debate on the Estimates so far as concerned 
the actual shipbuilding, apart from questions of ad- 
ministration, did credit to the speakers. There was 
little of the doctrinaire talk of former debates ; in 
fact, excepting as regards the Inflexible, little diffe- 
rence of opinion was manifested. Mr. Brassey 
justified the favourable opinion we expressed of him 
as a naval critic some years back, when we were 
obliged to expose the unsoundness of some of his 
then views. He appears to have abandoned the 
doctrine that the cost of a large ironclad, if spent upon 
small ships, would yield a better return in fighting 
power. Now he vo A leads for, apparently, a due 
proportion of second-class ironclads—a laudable plea, 
the present answer to which, however, is that we 
have already a considerable number of such shi 
though in the wrong place, that is, serving with the 
line-of-battle ships, instead of on distant foreign 
stations, where they ought to be. We require more 
first-class ships, to set the others free; not more of 
the second-class at present. 





STEEL PLATES. 

Ir has been shown by many experiments that the 
effect of punching even on thin steel plates, 
having a tenacity of 32 tons and over, is to 
harden, alter the structure, and reduce the ductility 
of the material round the punched holes. The 
stress at the line of rivet holes, instead of being prac- 
tically uniformly distributed over the whole section 
between the holes, is by the unyielding nature of 
the hardened material concentrated at the edge of 
the hole, on a section about one-eighth of an inch 
in length. The consequence is that the plate in 
this condition is liable to be torn asunder piecemeal, 
so that rivetted joints with punched holes often have 
a very low breaking strength, in fact, much lower 
than a similar joint of iron plates, in spite of the solid 
steel plates having a tenacity of 32 tons against 
20 tons for those of iron. ad it not been dis- 
covered that the original structure, ductility, and 
uniformity of resistance of the entire section between 
the holes could be restored by annealing, drilling 
the holes would have been a necessary condition 
of the employment of steel plates. e may add 
that whether absolutely necessary or not, we hope 
that before many years elapse it may become the 
regular practice to drill all rivet holes in high-pres- 
sure boilers. 

Where drilling isdispensed with, however, annealing 
has become a necessary process for the of re- 
moving the injuries caused by the punchi g. It has 
also beenfound that when steel ne of 32 tons 
tenacity and over have been partially in the fire for 
thinning down, flanging, or bendi g they are 
sometimes liable to crack in what has been called a 
capricious manner near the part ‘operated upon, In 
some — — where _ es been —— 
hamme: cold purposely to av partial and un- 
equal heating, the damatene of the uniformity of 
ductility, and the consequent concentration of strain 
at a limited section of this homogeneous material 
when under tension, has brought about some appa- 
rently mysterious fractures. Even where the plates 
were not punched, unequally heated or hammered, 
but merely rolled or bent in the rolls at different tem- 
peratures, it has been found that there might be such 
& difference in ductility in a lot of plates, that the 
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joints with drilled holes would be unequally affected 

the same stress under pressure. In fact, annealin, 
has been recommended after the plates were finishe 
and ready for — into position as the only 
means to insure satisfactory results, and this in 
some cases after the plates were supposed to be 
annealed before leaving the manufacturer's works, 
It has been found that in a batch of plates the 
finishing in the manufacturer’s rolls at different 
temperatures would make a practical difference in 
the e ion of the plates when reheated, so 
that it has been regarded as advisable for the manu- 
facturer or user to anneal all his plates at a uni- 
form temperature, irrespective of any disturbance in 
the structure of the material through the work done 
upon it. 

If the plates could be annealed after all the 
operations of shearing, punchiog, thinning down, 
bending, and flanging, had been completed, no 
doubt it would be a great advantage, but plate 
furnaces, as a rule, are not made to take in large 
plates bent to a radius not exceeding 4 ft., so 
the annealing, recommended by the manufacturers, 
has to be done with flat or flanged plates only, after 
punching and smithing. 

It has been generally overlooked that plates of 
such a nature as reall uire this bringing to a 
red heat and slowly cooli om mn which constitutes 
annealing are—unless the operation is carried out 
by skilled and experienced hands—just the plates to 
suffer by unskilful handling during the process. 
The greater the necessity for annealing, the greater 
the risk incurred by unskilful treatment in the 
process. 

When a punched plate, perforated all round its 
edges, has been heated in the plate furnace to the 
required temperature, according to the instructions 
of the manufacturer, it has to be removed from the 
furnace to the annealing floor, wherever and what- 
ever that may be. ‘The usual way of removing the 
plate in most works is to grip the edges with tongs, 
or to drag it out with one or more whe bent over at 
the ends to hook into the punched holes. Where 
several plates areto be heated, and thereis continuous 
work for the tongs, these are sure to find their way 
sooner or later to the cold water trough. Now, it is 
not difficult to imagine that more injury by local 
disturbance of the uniformity of structure may be 
done to a thin steel plate at a red heat by gripping 
it with a pair of cold tongs at a vital part, such as a 
line of rivet holes, or allowing its edge to rest on 
another cold plate, than would be done to the plate 
by the punching and want of annealing in the first 
place. The annealing in this case, especially if the 
temperature of the plate be higher than is absolutely 
necessary, instead of being an advantage, may 
actually become a source of serious injury. Mild 
steel plates, which were supplied as having a tenacity 
of about 32 tons, and which had been apparently 
carefully annealed after punching, have fractured 
under a stress reckoned for the whole length of 
joint of less than 12 tons per square inch of section 

tween holes in both stationary and locomotive 
boilers by first-rate makers. The apparently 
treacherous nature of the plates could only be 
ascribed to the hardening done to them at a tender 

art by the manner of removing them from the 
| eat or subsequent cooling on the annealing 
floor, Weare thus led to ask what would be the 
result if such plates were used by indifferent makers 
with scanty appliances ? 

An interesting question which we do not recollect 
having seen answered is, Whether a much lower tem- 

rature will suffice to remove the effects of harden- 
ing by punching, than will produce change of 
structure by sudden cooling? If this can be 
answered in the affirmative, then by carefully 
watching the colour of the plate it may be removed 
from the annealing furnace at a heat too low to 
render it liable to local injury by sudden cooling, 
yet sufficient to satisfy the purpose for which it is 
annealed. In this case, however, some care and 
skill would be necessary. There can be no doubt 
that many plates are raised to far too high a heat in 
attempting to anneal them, and frequently more 
harm than good is done. 

It has long been known that heating steel, how- 
ever hard, to a dull red heat, and cooling it suddenly, 
will not harden but rather soften it; and more re- 
cently that plunging very mild steel at a bright red 
heat into col ~ om 
tenacity. attempting to treat plates of ordi 
sizes in this manner great care and skill are i 
The greater the beneficial effect derived from the 
latter process, according to the nature of the ma- 


d water tends to toughen it and raise its | possi 





terial, the greater the skill and experience necessary 
to carry it out successfully. ; 

From the foregoing considerations we were long 
ago led to conclude that so long as steel plates could 
not be supplied at a lower tenacity than 32 tons, im- 
plying the necessity of annealing after the work 
upon them was finished, and which were apt to have 
their tenacity and ductility altered locally by 
tempering, punching, shearing, and partial heating, 
they could never come into general use for boiler- 
making and shipbuilding, although in the hands of 
boiler-makers who knew how to use them the 
formed most valuable constructive material. Wit 
such plates, merely placing a cold set on them, 
whilst at a bright red heat, in order to bring them 
to some desired shape, might possibly disturb the 
uniformity of ductility and lead to consequent risk 
of breaking in an unexpected and what has often 
been called an unaccountable manner. 

It has long been known that the tendency to be- 
come injuriously affected by sudden local cooling, 
punching, shearing , and hammering, diminished as 
the ductility increased. We have in a former article 
endeavoured to show that a high degree of ductility 
is required in order to obviate the disadvantages 
which a homogeneous structure in steel plates is likely 
to involve. It would then appear that the presence 
of those properties that have given rise to the pre- 
judice against steel plates, is incompatible with a 
certain amount of ductility. If an adequate supply 
of plates possessing a requisite minimum amount of 
ductility can be insured, then it can no longer be 
said that the causes of the prejudice against the 
use of steel plates for boiler-making and ship- 
building necessarily exist. 

It is a fortunate circumstance that the same 
improved details of manufacture which have enabled 
the formation of blow-holes in steel ingots and 
castings to be in a great measure prevented, have 
also led to the attainment of greatly increased and 
more uniform ductility in the material. It is only 
within the last two years, and since the employment 
of ferro-manganese has been adopted by the makers 
of steel plates in this country, that the uniform 
quality could be insured of plates having a tenacity 
of less than 30 tons. Stee! plates can now be pro- 
duced with such a high degree of ductility that 
when not over # in. in thickness they can be 

unched without requiring subsequent annealing. 
nstead of the average boiler-maker and shipbuilder 
having to be educated up to the use of a material 
requiring considerably more than ordinary skill and 
care in its treatment, the material has been altered 
in its properties and brought down to the level at 
which ordinary care and skill will suffice for its 
successful employment. 

As great ductility is to a great extent incompatible 
with great tenacity, the ductility requisite for the 
successful employment of steel plates by the general 
run of users can only be obtained in the present 
state of the manufacture by the sacrifice of a certain 
amount of the excess of the tensile strength over 
that of iron plates, an excess which was the very 
quality that first induced boiler-makers and ship- 
builders to use steel. However it is better for 
those boiler-makers who have indifferent appliances, 
and who are not skilled in the use of the material, 
to aim ata tenacity in steel not greatly in excess 
of that which they have in iron plates of the 
very best quality, if by sacrificing three or four 
tons, or say 12 per cent. of tenacity, they can 
still insure a supply of plates of uniform quality, 
having a greater ductility, and being more suitable 
for welding and punching without requiring an- 
nealing. Such a material, although offering no 
great apg in respect of increased tenacity, 
over the very highest class of iron plates, is vastly 
stronger than the generality of iron used for boiler- 
making, while it possesses many advantages over even 
the best iron without having any of the defects that 
have given rise to the prejudice against steel plates 
(with the exception of perhaps being more liable to 
corrode under certain conditions), and its cost is 
very materially less than that of the highest class of 
iron plates. On the other hand, it is almost needless 
to say that so long as there is the ductility 
necessary to insure as great an immunity as good 
iron plates enjoy from injury by punching, shear- 
ing, sudden cooling, unequal heating and con- 
tracting, hammering, and from the presence of 
ible but invisible incipient fractures, the higher 
the tenacity the better. It is impossible to say at 
present what that amount of tenacity will be in 
the future development of steel making, but we may 
take the requisite tenacity at present as 28 tons to 


30 tons as a maximum, the former being somewhat 
less than the maximum strength of the American 
iron boiler plates in the Philadelphia Exhibition. 

Steel plates of a tenacity of under 24 tons with a 
ductility corresponding to an elongation of over 30 
Ay» have been made. We may assume the 

imit of elasticity to be 50 per cent. of the ultimate 

tenacity of the material. ultiplying the limit of 
elasticity by the ductility of such steel in order to 
find the coefficient of adaptability for structural 
purposes, we have, at least, 360 against 126 for 
good iron having a tenacity of 21 tons and a duc- 
tility of 12 per cent. This shows the very marked 
superiority of such steel as the above; but in the 
present stage of the manufacture it is too much to 
expect to obtain it in quantities of uniform quality. 
A tenacity of 28 tons with an average elongation 
of 20 per cent., ere to a coefficient of 
280, or double that of the best iron plates, appears 
to be what can be depended upon at present, 

The difficulty of making a good weld in the ordi- 
nary manner with steel diminishes as the tenacity of 
the material is reduced. A ductile siliceous steel 
can now be made that welds as easily and well as 
some at least of the best Yorkshire iron. A 
steel angle or T bar that will bear punching well 
and weld easily, even if it has a tenacity of only 25 
tons, is a much more suitable material for most boiler- 
making and shipbuilding purposes, than a similar 
bar having a tenacity of 30 tons, but which is more 
difficult to weld properly and is more injuriously 
affected by punching. While, however, the intro- 
duction of these very mild steels undoubtedly removes 
many difficulties from the path of the ordinary boiler- 
maker and shipbuilder, it cannot be too strongly 
enforced that the only way to obtain the full bene- 
fits derivable from the use of steel for boiler-making 
is to employ properly skilled workmanship and 
proper appliances for dealing with the material. 


OUR IRONCLADS. 

WE give this week a two-page Table containing 
the leading particulars of the ironclad ships of the 
British Navy, this Table showing our fighting 
power at the present moment in that important 
branch of the service. There are in all 52 com- 
pleted ironclads and 10 building, not including 
three turret ships built by the colonies for their 
own defence, nor the new ships promised by the 
First Lord of the Admiralty to be commenced this 
year, but which are doubtless, to some extent, as 
yet in embryo. Of the 52 completed ships, one, 
the Lord Clyde, which is built of wood, od been 
er, condemned for fighting purposes, as she 

as had her engines taken out and is used as a drill 
ship in connexion with the Excellent at Portsmouth. 
Nine of the others, also built of wood, and consist- 
ing of the five ships of the Royal Oak class, the 
Zealous, Favourite, Enterprise, and Royal Sove- 
reign, may also be looked upon as obsolete for fight- 
ing purposes, Their wooden hulls are so much de- 
cayed as not to be worth repairing, unless a great 
emergency were toarise; and they are classed in the 
Navy List as ‘‘ unappropriated.” The Royal Sove- 
reign excited great interest about fourteen years 
ago, as she was the first ship in Her Majesty’s ser- 
vice to be fitted with Captain Coles’ revolving tur- 
rets. She was originally built as a three-decker, 
and was cut down and altered so as to adapt her for 
receiving armour protection and for fighting five 12- 
ton guns in turrets. 

There are five ironclads stationed at various ports 
for the purposes of the coast-guard service. ese 
ships may be regarded as held in reserve for active 
service in case of any sudden demand arising for 
strengthening the Channel (or Mediterranean fleets. 
They are kept in seagoing condition with stores 
and munitions of war on board, and can sail almost 
directly upon receiving orders. ‘The five ships that 
at present belong to this division of the fleet are the 
Warrior, Hector, Valiant, Resistance, and Lord 
Warden. The four first were among the earliest 
ironclads builtjin this country, the Warrior having 
been the very earliest, and are plated with 4}. in. of 
armour. The Lord Warden is a wooden ship plated 
with 5} in. of armour. ; 

Upon the North American and West Indian 
station we have one ironclad as the flagship, the 
Bellerophon ; and also one upon the China station 
as ip, the Audacious, e main strength of 
our ironclad navy is, however, put into the Channel 
and Mediterranean fleets, The Channel fleet con- 
tains 5, and the Mediterranean fleet 11. In the 
Channel fleet there are the Thunderer, which has been 








lying at Portsmouth during the winter, Shannon, 
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Agincourt, Achilles, and Defence. The Thunderer 
is the most powerfully armed ship that has yet been 
put upon active service, and the Shannon is one of 
the most modern broadside vessels. She possesses 
the novelty of being armoured at the water-line, but 
having no armour protection for her guns, except by 
means of a shield placed across the fore end of the 
battery. The remaining vessels of the Channel 
squadron belong to the early days of armour plating, 
and, as will be seen by reference to the list, have very 
inadequate defence against the power of modern 
uns. 

. The Mediterranean fleet, which at the present time 
is the most interesting section of the Navy to us, con- 
tains the very powerful turret ships Devastation, 
Hotspur, aud Rupert, and the broadside ships 
Alexandra, Téméraire, and Sultan. The other five 
ironclads belonging to it are less important, but are 
nevertheless very valuable additions to its strength. 
Those we have named, however, form a combination 
of naval power, such as has never before been wit- 
nessed, and that would make the power of England 
felt with immense effect if it were called into exercise. 
These ships are armour-plated over the parts most 
important to be protected by llin., 12in., and 
14in. of armour; and they can bring a united 
battery of guns into action which includes four 
35-ton, seven 25-ton, twenty-four 18-ton, and four 
12-ton guns, 

In addition to the ironclad ships composing the 
seagoing fleets, there are eight very powerful ones 
stationed in the harbours of Portsmouth and Devon- 
port for the defence of our shores, and three at 
Bermuda for the defence of that coast. Four of 
the ships reserved for home defence are monitors 
of the Cyclops class, which were built expressly for 
this service in 1871, and are very powerful ships. 
There are also two powerful monitors, the Abyssinia 
and Magdala, built by the Indian Government for 
the defence of the Port of Bombay, and a similar 
vessel, the Cerberus, built by the Victorian Govern- 
ment for defending the Port of Melbourne. 

Besides the ships we have mentioned, there are 
eight ironclads under repair at the dockyards, 
among which or the Monarch, Hercules, Triumph, 
Invincible, Iron Duke, Penelope, &c. 

Among the ships that are building there are four 
which take high rank among the first-class fighting 
ships of the present day, and which could be sent to 
sea almost immediately if required. These are the 
Dreadnought, Superb, Belleisle, and the late Bra- 
zilian turret ship Independencia, which has just been 
bought by the Government. The Dreadnought is 
more powerful than the Devastation and Thunderer, 
while the Independencia, although but slightly in- 
ferior in armour protection, has a more powerful 
battery, and possesses the advantage — which is, 
of course, gained at some small sacrifice in the 
training of the turret guns—of being able to cruise 
under sail, and not being entirely dependent upon 
her coal supply. The Independencia is also a much 
faster ship under steam than the Devastation and 
Thunderer, and probably faster also than the 
Dreadnought. 
the Turkish ironclads just bought—are very strongly 
armoured ships, but do not carry such heavy guns 
as the Dreadnought and Independencia. ‘The 
Nelson and Northampton are also just ready for 
sea; but they are not so sonetel as the ships 
just mentioned. They are armoured at the water- 
line ; but the battery is not protected at all except 
by athwartship shields of armour at the fore and 
after ends, Their armament consists of 18-ton 


guns. 

The ironclads to be laid down this year wi'l 
contain striking novelties, and be looked forward to 
with interest by all who watch the progress of 
naval construction. The First Lord of the Ad- 
miralty promises that the new vessels shall include 
an improved Ajax and a torpedo ram, The idea 
for the latter is credited to Admiral Sartorius 
This vessel will, it is said, bear a superficial re- 
semblance to a cigar ship, will be built of steel, 
and protected by armour, and will steam at the 
rate of 17 knots per hour. 








THE PARIS EXHIBITION.—No. XVIII. 
ADMINISTRATION AND SERVICE BUREAUX. 

Tue Administration and General Service bureaux 
are contained in two large structures placed parallel 
with the Exhibition buildings of the Champ de Mars, 
facing on the Avenue de la Bourdonnaye, and near 
the fine annexes now nearly completed to contain 


The Superb and Belleisle—two of |i 


the lighter machinery of the French section. The 
buildings for the offices are in two stories, the 
facades presenting no remarkable feature, and there- 
fore not calling for any special remark, except that 
the brilliancy of colour on the walls and roof render 
them conspicuous objects on that side of the Champ 
de Mars where they are situated. They are already 
partly occupied by the general offices of the Com- 
mission, and will ultimately accommodate the de- 
partments of police, fire service, &c., besides the 
postal and telegraphic bureaux. A pneumatic 
telegraph service is being now established, connect- 
ing the Exhibition with the main telegraph office, 
103, Rue de Grenelle St. Germain, so that every 
facility will be afforded to those taking part in the 
Exhibition, and to the public generally. 

In accordance with the system we have adopted 
in our previous articles, we summarise the details of 
the contracts entered into for the construction of 
these buildings. The earthwork included the excava- 
tion for the basement, the forming of trenches for the 
foundations, and refilling the ground up to the 
proper level. The foundation trenches were filled 
with béton, composed of fifty parts of mortar and 
eighty of washed pebbles. The mortar consists of 
hydraulic lime from Treuil (Ardéche), and sand 
from the Champ de Mars, mixed in the Da ager of 
42] Ib. of lime per yard of sand, and the pebbles 
and sand are re from the pit belonging to the 
Administration. The foundation walls up to the 
ground] evel are of masonry, and with the exception 
of the walls of the cellars are of old stone, taken 
from demolished buildings, and set in hydraulic 
mortar, mixed in the proportions just named, The 
walls, arches, and inverts of the cellars are of new 
stone, also set in hydraulic mortar. The facing of 
the plinth around the building is in dressed stone, 
laid in regular courses, and set in mortar or cement 
(the slow-setting cement of Argenteuil) ; the depth 
of the plinth is 7.17in. Above the plinth the whole 
of the facade is built of old stonework, taken from 
demolished buildings, and set in hydraulic lime 
mortar. The inner walls are of hollow brick up 
to the level of the flooring of the upper story, and set 
in hydraulic lime mortar for walls of 8.6 in. thick- 
ness, and in ordinary mortar for walls 4.3 in. thick. 
The door sills and the first steps of the staircases 
are of hard.lias; soft stone dressings and cornices 
are introduced to give architectural features 
to the buildings. The various ceilings are 
finished in the ordinary manner, those of the 
following bureaux, the Coneiienioe Général, the 
Cabinet du Ministre, the office of the three direc- 
tors, the press room, and the Commissioners’ bureaux, 
are enriched with cornices and other decorations. The 
closets, ante-rooms, &c., are paved in Argenteuil 
cement, laid in limestone béton. On the ground 
floor the vestibules and main passages are paved with 
square slabs of compressed cement in mosaic, from 
the factory of Bourgeois d’Auxerre, About two-thirds 
of the basement is paved with Paris red terra-cotta 
tiles 6.3 in. square, set in hydraulic mortar. The 
inner faces of both stone and brickwork are faced 
in plaster, excepting those of the basement where 
hydraulic lime is employed. The arches and inverts 
are covered with Argenteuil cement 1.5 in. thick. 
Outside, the facade is plastered and finished as 
follows: Between the bays the panels are faced 
with plaster tinted in ochre, and pointed in white 
cement to represent brickwork; a portion of these 
false bricks are coloured differently so as to form 
geometrical designs on the walls in each panel, 
which are enclosed in narrow frames of plaster 
work. The panels at the ends are in places deco- 
rated with coloured tiles, The caps of the chimneys 
above the roof are of brick, carefully finished and 
pointed. The roof and floor framing are of Lorraine 
pine, and the following scantlings are employed: 


in. in. 
Rafters 3.15 x 8.66 
Braces 3.15 xX 8.66 
ac | on xX 2.36 
iago: racing ’ x 5 
Parlins wa ooo 2-36 x 6.7 
Ties ... on ” 2.12 x 6 
Ridges one ooo 2.36 x 6.7 
Common rafters , = 3.15 xX 3.15 
Joists ee 2.12 x 4.33 


The door frames, lintels, &c., are in oak, as well as 
the staircases, the treads of which are 2.12 in. thick 
and the rises ] in. 

The roofs are covered with embossed tiles from 
Montchassin, and the gutters, corner plates, down 





pipes, &c , are of Vieille-Montagne zinc; the heads 


of the down pipes are decorated with ornamental 


capitals. 

The interior of the buildings is well decorated 
and the furnishing and appointments will be com- 
plete in every respect, 


THE GRAND CASCADE, 


The permanent palace of the Trocadéro stands on 
the summit of the high ground opposite the Champ 
de Mars, the centre line of the main hall coinciding 
with that of the Exhibition, while the wings extend 
right and left as far as the limits of the ‘Trocadéro 
permit. From the Trocadéro front, access is gained 
to the central hall by flights of steps on each side, 
the level of the floor being considerably above that 
of the ground, It is from this level that the grand 
cascade will pour in an extended sheet into the first 
of the long series of basins which terminate near 
the middle of the Trocadéro. The mains supplying 
the cascade are led through the basement of the 
palace from the large basin in the Place du Tro- 
cadéro, The cascade pours over an arched and 
pierced grotto projecting from the main building 
and forming a Chateau d’Eau. Thence, broken 
into a number of small cascades formed by a series 
of broad steps of masonry, it fills a succession of 
basins furnished each with a multiplicity of jets for 
fountain display ; it finally subsides in the t lower 
basin, whence it is drawn off to furnish the low- 
ressure supply to the Champ de Mars, the mains 
ing laid upon the permanent roadway of the Pont 
d’Jena, which will be doubled in width by a 
temporary platform, to accommodate the enormous 
ic that will circulate in the grounds, 

The contract for this work included the necessary 
excavations and the masonry required for the con- 
struction, It was subdivided into two parts, the 
first including the foundation works properly so 
called, and the other the superstructure starting 
from a given level above the ground. The works 
include the following parts: 1. The Chateau d’Eau 
from which the water descends, 2. The walls of 
the nymphée and the construction of those portions 
between it and the Chateau d’Eau. 3. The basins 
and falls of the cascade, The disposition of different 
materials employed is as follows: Dressed Bellevoye 
limestone is used for the balustrade, piers, and 
oa of the Chateau d’Eau, the edges and side 
walls of the upper basin ; the principal facade of the 
Chateau d’Eau, its two wings, the vertical walls 
beneath, and the arched roof; the various stone 
seats, brackets, &c., two small grottos, and the 
circular stonework over which the cascade falls; 
the stonework also includes the outer and inner faces 
of the pilasters and walls of the basins ae the 
cascade; all the margins of the upper and lower 
basins ; all the various steps over which the water 
falls, and all bases and pedestals for statuary, &c. 
The conditions prescribed by the contract for the 
careful finishing and setting of this stonework were 
very minute and precise. The whole of the masonry 
after completion was pointed with iron mastic. 
Mosaic work is employed in the following positions : 
On all the arches and piers belonging to the Chateau 
d’Eau and the nymphée; on the walls of the latter - 
and the two small grottos; on the floor of the 
terrace of the Chateau d’Eau as well as on its lower 
floor ; in the nymphée and the two small grottos, and 
the invert of the upper basin of the Chateau d’Ea‘ 
but this will be executed in bitumen, as explaine 
further on. The different mosaic work was estimated 
for on a basis of 3.648, per superficial foot, the design 
of the mosaic being selected by the Administration, 
which also decided upon the maker to supply it. The 
following portions of the e are in mason 
set in Portland cement (Lanquéty and Co.) ; all the 
bottom of basins having a mean Ys ee of 11.8 in., 
and the inner face of the basin walls of 11.8 in. thick- 
ness and upwards. The bottoms of all the basins 
and the small cascades are covered with a facing of 
mortar in Portland cement .78 in, thick, over which 
is laid asphalte .40 in. thick. The vertical sides of 
the basins are similarly faced, and this facing is made 
good with the floor of the basin by a curved fillet of 
at least 7.87 in. radius. The flooring of mosaic on 
asphalte for the upper basin is made with small 
tiles joined with t exactness and in groups on a 
backing of pure asphalte. These groups are then 
laid on the asphalte facing of the basin, and the joints 
are carefully closed with melted bitumen, The 


mosaics forming the floor of the Chateau d’Eau, 
grottos, &c., are laid on a bed of béton 11.8in. 
thick. The following is the detailed estimate of the 





work on the cascade: 
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Detailed Estimate of Cost of the Grand Cascade in front 
of the Central Hull of the Trocadéro Palace. 


= | 























= 
¢ &, 
ORK. 3 +3 ; ; 
NATURE oF W i 8 a 3 2 
AP; ela 
1. Foundations, Earthwork. |c. yds. £ £ 
Excavation in ‘tin ea) | 1.5 |1002 
” roc 6313 | 2.7 | 852 
Refilling earth ... oe -.-| 6666 | .36) 120 
Levelling and ramming earth| 2666 15} 20 | 1,994 
2. Foundations, Masonry. 
Béton, pebbles, and Portland 
cement eos ibe i 759 | 14.4 | 546.4 
Béton, sand, and cement 266 | 11.1 | 147.6 
Ashlar in cement 1055 | 16.8 | 886.2 
Limestone in cement ... po 53 | 19.8 52.4 
Hollow brickwork set in Port- | 
land cement for arches 
8.66 in. thick... tie | 126! 84] 52.9 
Hollow brickwork set in Port- 
land cement for arches 
11.8 in. thick... a --| 699 | 30 {1048 
Masonry in hard dressed stone 
Facing masonry of dressed 1 | 60 8 
stone ... sine an a 8 | 45 18 
Facing in mortar in cement ...|_... *- 28 
Steps in cement oe ae eo | oe | 14.5 
Centering for arches ... | 239 
Asphalte laid 3.9 in. thick 463 | 3,499 
Masonry and other work on 
the cascade, above the foun- 
dation, and the nature of 
which has been already in-| 
dicated sal a ire 18,280 
Total .../23,773 
Added for contin- 
gencies .., ..| 1,027 
24,800 











A STANDARD DEEP-SEA THERMO- 
METER. 

THE most successful deep-sea thermometer hither- 
to has been Six’s thermometer, with the bulb pro- 
tected from pressure, as invented by Negretti and 
Zambra in 1857. Nevertheless, there are several 
disadvantages inherent in the principle of construc. 
tion of Six’sinstrument. The indices dre unreliable, 
as, however carefully fitted, they may slip down by 
gravity, and even shift upward by sudden lifting 
motion; so that the observations are always more 
or less liable to error, 

Then again the index error is very liable to alter 
by the shifting of the spirit, or by bubbles of spirit 

etting among the mercury; and unless the observer 
is well trained in its management, and takes care to 
compare it with a correct ordinary thermometer 
every time it is used, there is no guaranteeing its 
accuracy of indication. Further, its accuracy in 
its best condition does not attain to fractions of 
a degree, as it cannot be read off closer than 
about half a degree at successive trials, owing 
to the want of definition in the ends of the indices. 
Then it must be kept in the vertical position, or 
it is certain to become more or less deranged, so that 
it is scarcely safe to send these instruments by 
carriage in packages. 

envve. os ‘hen as it sufficed to observe the 
nearest degree of temperature, the improved pro- 
tected Six’s answers the purpose of a deep-sea 
thermometer, with careful management and check- 
ing; but lately the bottom temperature of shallow 
seas and of rivers has come under investigation, and 
for this purpose the Six’s instrument is unsuitable. 

Between the temperature of the surface of the 
sea and that at the depth of a few fathoms, the 
differences to be determined are found to be not 
degrees of the thermometer, but fractions of a 
degree, and hence, the observations to be worth 
anything at all, must be made with an undoubtedly 
accurate thermometer, one, in fact, as accurate and 
certain in its indications, and as stable in its scale 
errors, as the thermometer used to take the tem- 
perature of the surface water. 

During the last two or three years systematic 
observations of the surface and bottom temperatures 
have been taken from the various lightships off the 
British coasts, under the direction of the Meteorolo- 
gical Office. This investigation of the tempera- 
tures of the British seas has been urged upon 
the Government by naturalists and physicists in- 





people as affected by the take of fish. What is 
required to be made evident is, whether any, and 
what, effect temperature has upon the habits and 
migrations of fish, so as to tend to a right under- 
standing of the conditions favourable for the deve- 
lopment of the various species of fish, and the best 
seasons and temperature indications for their capture. 
This investigation, commenced with Six’s thermo- 
meters has, at present, only shown that such in- 
struments are not sufficiently reliable for the pur- 
pose; and it was represented to Messrs. Negretti 
and Zambra, that amore perfect and stable deep-sea 
thermometer was a desideratum, at least for shallow 
seas, They accordingly turned their attention to 
the matter, and the result is the new standard deep- 
sea thermometer. 

The construction of this thermometer will be 
readily understood by reference to the sketch 
diagram on page 228. ‘The bulb is cylindrical, and 
mercury}is the thermometrical fluid. The neck of the 
bulb is contracted in a peculiar manner at A, and upon 
the shape and fineness of this contraction, the success 
of the instrument mainly depends, Beyond A the 
tube is bent anda small catch reservoir is formed 
at B, for a purpose to be presently explained. 
At the end of the tube a small receptacle C is pro- 
vided. When the tube is downward, the glass 
contains sufficient mercury to fill the bulb, tube, 
and a part of the reservoir C, if the temperature is 
high, leaving sufficient space in C for the expansion 
of the mercury. In this position no scale would be 
possible, as the apparent movement of the mercury 
would be confined to the space C. When the ther- 
mometer is held bulb upward, the mercury breaks 
off at A, but by its own weight flows down the tube, 
filling C and a portion of the tube above C, in re- 
lation to the resisting temperature. The scale ac- 
cordingly is made to read upwards from C. To set 
the instrument for observation, it is only necessary 
to place it bulb downward, then the mercury takes 
the temperature just as an ordinary thermometer. 
When at any time or at any place the temperature 
is required, all that has to be done is to turn the 
thermometer bulb upward, and keep it in this posi- 
tion until read off. 

The reading may be taken any time after, for the 
quantity of mercury in the lower part of the stem 
which gives the reading is too small to be sensibly 
influenced by a change of temperature, unless it is 
very great, while that in the bulb will continue to 
contract with greater cold and to expand with 
greater heat, and in the latter case some mercury 
will pass the contraction A, and may fall down and 
lodge at B, but it cannot go further so long as the 
bulb is upward, and thus the temperature to be read 
off will not be vitiated. Now, whenever the ther- 
mometer can be handled it can readily be turned 
bulb upward for reading off the existing tempera- 
ture. It must be clearly understood that the ther- 
mometer is only intended to give the temperature 
at the time and place when and where it is turned 
over; it is simply a recording thermometer, it 
cannot be used as a self-registering maximum or a 
minimum, though it could be concluded to act as a 
maximum if required. 

But, at a depth in the sea, some contrivances must 
beprovidedforturning the thermometer bulb upward. 
For this purpose the thermometer is fitted into a 
wooden frame, loaded with shot, free to move from 
end to end of it, and‘heavy enough to render the 
whole instrument just buoyant in sea-water. 

In using the thermometer a cord is rove through 
the hole in the frame nearest the bulb, and the in- 
strument is fastened by this cord to the sounding line, 
In descending the thermometer will be pulled down 
with the bulb downwards; but upon being pulled 
up, the instrument, owing to the resistance through 
the water, and consequent displacement of its centre 
of gravity, will turn over and come up bulb upper- 
most, the temperature of the spot where it turned 
over will then be indicated, as shown in the illus- 
trations, 

The thermometer itself has been found to act 
with certainty, preliminary experiments having been 
made with it fitted in the float in the Serpentine, off 
Dover, off Penzance, and in the Lake of Como, 
which promise that there will be no difficulty in 
using it, and that it will act correctly. 

As regards the thermometer itself it was necessary 
in order to make it perfectly satisfactory, to protect 
it against pressure, even if intended for shallow seas, 
as well as for the deepest. For whether usedin deep 
or shallow water, unless withdrawn from pressure, 
its indications would always be more or less in error, 





terested in the question of the food supply of the 





so quite different from Six’s, which, containing com. 
pressed air, has a certain internal resistance. Hence, 
it would be more affected by pressure than Six’s, 
however thick the glass of the bulb. By thesimple 
expedient of placing the thermometer entirely in a 
shield of glass hermetically sealed, the effect of ex- 
ternal pressure is entirely eliminated. The shield 
must of course be strong. It need not be exhausted 
of air. It must, however, render the enclosed ther- 
mometer more difficult to be affected by changes of 
temperature ; in other words, it will make it sluggish. 

To counteract this sluggishness, in that portion 
of the shield surrounding the bulb, some mercury is 
introduced and confined there by a partition 
cemented in the shield around the neck of the 
thermometer bulb, This mercury acts as a carrier 
of heat from the exterior of the shield to the in- 
terior of the thermometer ; and the efficacy of this 
arrangement has been experimentally determined, 
the instrument thus protected being, in fact, far 
superior in sensibility to Six’s thermometer. 

So long as the shield withstands the pressure, that 
is, does not break, the thermometer will be unaffected 
by pressure, and there is abundant experience to 
show that such a shield will stand the pressure of the 
deepest ocean. The greatest;pressure can never affect 
a thermometer so protected. Doubtless the shield 
will be compressed a little under great pressure, but 
this can never exert an internal pressure sufficient 
to have an appreciable effect upon the thermometer. 
This method of shielding is quite efficacious, and 
deep-sea thermometers so protected do not require to 
be tested for pressure in the hydraulic press. This 
thermometer will simply require to be tested for 
sensitiveness and for errors of graduation very 
accurately ; because it is a standard instrument 
adapted to determine very small differences of 
temperature as well as large ones, even one or two- 
tenths of a degree in shallow waters. The test for 
sensitiveness should determine how many seconds 
the instrument requires to take up a change of 
5 deg. rise or fall; and the time will be found from 
5 to 10 seconds, 

A considerable number of these instruments have 
already been tested at the Kew Observatory with 
perfectly satisfactory results, which place beyond 
doubt their value as standard deep-sea thermometers. 
Thus, provided the turning-over gear is found to 
answer, this instrument evidently possesses great 
advantages. It has no attached scale, the figuring 
and graduations being distinctly marked on the 
stem itself, and the shield effectually preserves 
them from obliteration by sea-water, a source 
of trouble with the ordinary water thermometers. 
The part of the stem which forms the back 
ground to the graduations is enamelled white, to 
give distinctness to the mercury. The thermometer 
should fit loosely in the wooden frame with pieces 
of india-rubber at the ends to act as buffers. 

The hole at the top is for the purpose of lowering 
and keeping the thermometer upright until it has 
reached the water. This is effected by putting a 
cord through the hole and both ends of it kept in 
the hand until the thermometer has reached the 
water, then one end is let go and the cord pulled 
on board’; this operation is not imperative, but it 
saves the thermometer from being knocked about 
previous to reaching the water. After a little 
practice and care, keeping the sounding line well 
away from the ship’s side, it will be found that the 
thermometer can be lowered without the supple- 
mentary cord, 

Re it observed, however, that to effectually 
insure the thermometer turning over, the first pull 
upwards should be a quick and sudden pull, which is 
to be continued for some little time. It will be ad- 
visable, previous to the apparatus being stowed 
away, for it to be washed or rinsed in fresh water 
and not let it dry with the salt inside, for the lead 
shots might, with the saline particles, be apt to clog 
together. Should fresh water not be available, the 
thermometer should be taken out and the frame well 
shaken up previous to using, so as to insure the 
free circulation of the lead counterpoise. 

In lowering the instrument the line may be 
stopped or checked any number of times; but 
when it is being pulled to the surface no stoppage 
must take place, it may be pulled up quickly or 
slowly, but it must be continuous, or any stoppage 
will invalidate the observations. 








AMERICAN PRoJECTILES.—The South Boston Iron 
Company have received an order from the British Govern- 
ment for a supply of the Butler projectile. This com 
have sent agents to Euprope to fake orders for guns an 





Like an ordinary thermometer it is devoid of air, and 





war material generally, 
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BESSEMER PRODUCT AT NORTH 
CHICAGO. 

HavinG recently published in these columns a very 
full illustrated description of the North Chicago Roll- 
ing Mill Company’s Works, our readers will un- 
doubtedly take a renewed interest in the followin 
statement of their performance during January an 
February last. We had supposed that Mr. Forsyth 
had reached the end of the possibilities long since, 
and we would now venture the opinion that we shall 
not soon hear again of 8100 tons (2240 lb. each) of 
ingots made out of a single pair of 5-ton vessels ina 
month. The following are the particulars: Blowing 
began every Monday at 6 a.M., and work was over 
for the week on Saturday at 5 p.M., sometimes much 
earlier. No work on Sundays except ordinary re- 
pairs : 

1st heat turned up Tuesday, January, 1 at 6 a.m. 

1372nd ,, blown Friday, February 1, at 5.30 a.m. 

Product of ingots for 


tons. 

Five days ending Saturday January 5 148922; 
Week - om 12 17973720 

” 9 ” 19 1738*10 

” ” ” 26 17ay*?* 
Four days ,, Thursday,, 31 13075°° 

Total for month 81008*° 

Turns worked, 50. 
Average product per turn, 162 tons. tons 
Heaviest 12 hours’ work 30 heats — 176 
Lightest ,, ‘i 25 ,, == 1448800 
Heaviest Saturday’s work Ss, =e 
Lightest = 1172380 


Average life of bottoms used during ‘month, 13 heats. 

The product of the steel rail mill for the month 
of January was 62471550 tons of ‘ first-class” rails, 
of which 504'7°° tons were 48 lb, and 50 Ib, rails. 
The percentage of secoud quality rails was 1.9 per 
cent. 

The fuel used in the rail mill in January amounted 
to 704 lb. per ton of rails rolled by the mill, appor- 
tioned as follows : 


Coal used for steam in blooming and rail Ib. 
mills ne we ond ove sie 305 
Coal used for heating ingots 246 
” ” blooms 153 
704 


The weekly product of the Bessemer Works from 
December 31, 1877, to February 23, 1878, was: 


tons 
Week ending Saturday, January5 ... 179548 
” ” 12 17973720 
” ” 19 1738410 
” » 26 _— 
February 2 ... 17631728° 
ns os Dice 176679° 
Week ending Saturday, February 16 
(relined both vessels this week) 130458° 
Week ending Saturday, February 23 18077°° 





Total product of ingots in 8 weeks 13,7405°° 
Mr. Zunner, of Austria, having remarked in his 
report on the Centennial Exhibition, that the large 
output of American Bessemer works was due 
largely to ‘the superior intelligence of the 
American workmen,” Mr. Forsyth gives the follow- 
ing analysis of nationality among the 93 men and 

boys actually employed in his converting works : 


per cent. 
Germans and Bohemians ... 43.00 
Irish __... a i 27.96 
English ... 16.13 
Norwegians 8.60 
Americans 4.30 





99.99 
There are but three adult natives of the United 
States, and one of these is ‘‘ Pennsylvania Dutch,” 
Probably an enlightened technical management 
and excellent machinery and arrangement of plant 
have most to do with the results mentioned. 








AmeERIcAN Pic Inon—The total stock of pig iron on hand 
at the close of 1877 was about 570,000 net tons, against a 
stock of 674,798 net tous at the close of 1876, showing a 
reduction of over 100,000 net tons. The stock was distri- 
buted as follows: New England, New York, and New 
Jersey, 100,000 inet tons of all kinds of pig iron at the 
close of 1877, against 103,366 net tons at the close of 1876 ; 
Pennsylvania, |223,000 net tons, 1877, inst 271,699 net 
tons, 1876; Maryland and Southern States, 30,000 n 
tons, 1877, against 38,447 net tons, 1876; West Virginia, 
Kentucky, and Tennessee, 27,000 net tons, 1877, against 
35,322 net tons, 1876 ; Ohio, 122,000 net tons, 1877, against 
139,754 net tons, 1876 ; Indiana, Illinois, Michigan, ‘and 
Wisconsin, 32,000 net tons, 1877, against 39,057 net tons, 
1876 ; Missouri and Pacific States, 36,000 net tons, 1877, 
against 47,153 net tons, 1876. It will be seen from these 
figures that the reduction in stock was not confined to one 
district, but that it was general. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market. — The pig iron warrant 
ae stronger on Thursday, but rela i 
and cl with prices scarcely so as on the previous 
day. Only a small amount of business was done in the 
morning at 51s. 5$d, and 51s. 5d. cash, closing with sellers 
at the former and buyers at the latter figures. During the 
afternoon 51s. 5d. cash was paid, and the market closed 
with sellers at that price and buyers at 51s. 4$d. cash. 
Friday’s market was dull during the forenoon, and prices 
opened 1d. per ton down, at 51s. 4d. cash and 51s. 5d. one 
month. An improvement took place to 51s. 5d. cash, and 
the closing quotations were—buyers 51s. 4$d. cash, and 
51s. 54d. one month, sellers asking 1d. more. No business 
was done during the afternoon. Buyers’ prices remained 
as before, with sellers very near. The week’s prices thus 
closed at 14d. per ton under those of the previous mo i 
There was a quiet market on Monday, and prices were back- 
ward, and the close was 14d. | as ton under Friday’s closing 
quotations. Business was done during the forenoon at 
51s. 4d. cash and 51s. 54d. one month; and the market 
closed with buyers at 51s. 4d. and 51s. 5d. cash and one 
month respectively, sellers askin r ton higher. In 
the afternoon 51s. 4d. to 5ls. and 51s. 4}d. to 
51s. 4d. one month were paid, the market closing at 
51s. 3d. cash and 51s. 44d. one month for buyers, sellers 
very near. The warrant market was dull yesterday, and 
prices receded 1d. per ton further. Business was done in 
the forenoon market at. 51s. 24d. cash, and 51s. 4d. one 
month, and at the close there were sellers at those prices. 
The only transactions reported during the afternoon were 
done at 51s. 2d. cash, and the market closed with sellers 
at that price, with buyers offering 51s. 13d. cash. There 
was a flat market again this forenoon, when business was 
done in warrants at 51s. 1d. and 51s. 0}d. cash, also at 
51s. 2d. and 51s. 1}d. one month, with buyers at the close 
offering the lower, and sellers asking the —— quotations. 
Only a small amount of business was done during the after- 
noon at 51s. 04d. cash, and 51s. 13d. one month, the market 
closing rather, buyers at those prices. The demand con- 
tinues to be very quiet, especially for the Continent. 
Second-hand lots of special brands can be had on easier 
terms than were asked a week or ten days » and one or 
two have been reduced officially. Shipments continue to 
compare unfavourably with those of former years at this 
season. The stock in store again shows a slight decrease, 
the total amount of iron with Messrs. Connal and Co. last 
Friday evening being 170,197 tons. There is no alteration 
to note in the number of blast furnaces in operation, the 
total still being 87 as against 119 at the same time last 
year. Last week’s shipments amounted to 8662 tons as 
compared with 7280 tons in the corresponding week of last 
year, and the — from Middlesbrough into Grange- 
mouth are again large, namely, 8662 for the week ending 
last Saturday, as against 7280 in the same week last year. 


Sale of the Cunard Liner Scotia.—Messrs. G. and J. 
Burns, the managing partners of the Cunard Company, 
have just sold the famous steamship Scotia of the Cunard 
Line to a Liverpool firm. It may be remembered that she 
was withdrawn from active service somewhere about two 
years ago, and during the period of her enforced idleness 
she has been laid up in the Gareloch. Built in 1861, by 
Messrs. Robert Napier and Sons, she was the last paddle 
steamer added to the Cunard fleet, and she eventually 
proved to be a very costly vessel to maintain, especially on 
account of the enormous quantity of fuel which she con- 
sumed. She was a great favourite in the tlantic 
service, and was extensively taken advantage of by the 
Americans in their voyages to and from Europe. 


Death of an Old Glasgow Mechanic.—On Sunday last 
there died at South Wellington-street, Glasgow, in his 
seventy-first year, a mechanic of a past generation, named 
John Braidwood. He served his apprenticeship in 
M‘Andrew’s foundry, situated in its day at the head of 
Glasgow Green, adjacent to Rutherglen Bridge. In his 
youth he attended classes under Dr. Andrew Ure in the 
Andersonian Institute, and made considerable progress in 
the mechanical sciences. In 1830 he accepted the situation 
of manager for the late John M‘Dowall, engineer, John- 
stone, and was in his employment for eighteen years. 
Subsequently he was in various places of trust in John- 
stone, Paisley, and Glasgow, but latterly settled in Glasgow 
as a consulting mechanical engineer and draughtsman, and 
was well employed, rem | at sawmill and general wood- 
cutting work. He identified himself, more or less, with 
many inventions and improvements in machinery which 
were patented. 


The Tay Bridge.—In their half-yearly = ng just 
issued, the directors of the North British Railway Com- 
pany express regret that, owing to the great difficulty 
experienced in filling up the ground and the approaches on 
partof which the new Dundee stations are erected, the 
opening of the latter and the utilisation of the Tay Brid 
have been delayed, but they are glad to announce that the 
whole works are so far completed us to insure their opening, 
for all descriptions of traffic, certainly not later than the 
month of May. They regard the Tay Bridge as a great 
success, and as being unquestionably one of the most im- 
portant adjuncts yet made to the company’s system. 


Lecture by Dr. C. W. Siemens.—Last Thursday evenin 
the last of the fourth annual course of lectures delivere 
byeminent men of science under the auspices of the Glas- 
gow Science Lectures Association, was given by Dr. C. W. 
Siemens, C.E., F.R.S., Sir W. Thomson, President, inthe 
chair. The subject of the lecture was ‘* The Utilisation of 
Heat and other Natural Forces.’ It was illustrated by a 
number of experiments by means of several magneto- 
electric machines which were driven by a steam en in 
— establishment at some distance from the place 


4d. 
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Institution of Engineers and Shipbwilders.—The sixth 
eral meeting of the twenty-first session of this institu- 
ion was held last night, the President, Mr. R. Bruce 
Bell, C.E., inthe chair. There were elected as members, 
asian Gaia Ths deka Petesann, teaelen 
A Ww 5 . Jol , ship’ er, 
Leith ; Mr. — Harrington, mecbanica and consult- 
ing engineer, ion ; Mr. ennedy, ce ns | 
con r, Partick ; and Mr. John Lennox, mechani: 
pen. poral Sunderland. Papers were on “‘ The i 
and Construction of Partick Bridge,” by Mr. Charles C. 
Lindsay, C.E, and on “ Longitudinal ins i 
as indicated by Lloyd’s 
Mansel. Both papers were excellent exam of their kind 
and dealt with two very different types of subjects. The 
discussion in both cases was adjourned. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Coal Traffic by Railway to London.—During the months 
of February and January, the total one of coal con- 
veyed by —_ the metropolis jwas 978,266 tons, as 
com with 614 tons in the same period of 1877. 
Of the former total, the Midland carried 292,043 tons, the 
London and North-Western 221,007 tons, the Great 
Northern 178,561 tons, the Great astern 100,400 tons, 
the Great Western 169,308 tons, the London and South- 
Western 7,692 tons, and other lines 4255 tons. 


The Proposed Reduction of Engineers’ Wages.—The 
operative engineers of the Sheffield district have held a 
meeting relative to the pees reduction of their rate of 
wages of 2s. weekly, and have resolved that as the step is 
‘* uncalled-for and unnecessary,” they will use every 
means in their |e to resist it. e employers, in 
mean time, are discharging those who decline to continue 
work at the reduced rate. 


Fire at a Killamarsh Colliery.—On Saturday -night a 
destructive fire broke out in the engine-house of the New- 
lands Colliery, near Killamarsh, owned by Messrs. Gleadall, 
Green, and Woodward, and before it could be got under 
the engine house and ail its valuable machinery were hope- 
lessly damaged. The winding ropes were burned in two, 
and the cages consequently fell to the bottom of the shaft 
in a manner by which much damage was done. 


The Reduction of Miners’ Wages.—The Council of the 
South Yorkshire and Derbyshire Miners’ Association 
ee a to resist the proposed wages reduction of ' 

per cent. 


The Ilkeston, Gas, Water, and Sewage Schemes.—Much 
opposition is said to have excited by these schemes, 
which will in the aggregate cost 60,0001. to carry out. The 
water works, it is urged, will fail so soon as coal is raised 
on the Shipley estate. 

Outburst of Gas at Corton Wood Colliery.—Last week 
a serious and ng cones of firedamp was caused at 
the Corton Wood Colliery, near Barnsley, by the fall of a 
great quantity of the roof of the workings, and the whole 
of the pit was so filled that every lamp was thereby ex- 
tinguished, and it was only by increasing the ventilati 
current from 90,000 to 130,000 cubic feet per minute tha’ 
an explosion was prevented. 


The Heanor Auwiliary Water Works.—At these works, 
which were commenced about six months ago, very little 
progress has been made. The total cost will reach 1 
of which 40001. have already been e ded. 
intended to be 60 yards deep, but it been flooded, and 
the shaft has had to be lined with iron tubbing for a con- 
siderable proportion of the whole depth. 








AUSTRALIAN TELEGRAPHY.—The Queensland Govern- 
ment has declined an offer made by Messrs. Glemens 
Brothers, to lay a duplicate cable between the north of 
Queensland and Singapore for 700,0001, 


CANADIAN RAILways.—The Canadian Commissioner of 
Public Works, in his report for 1877, states that during last 
year work was commenced on two new ian railways 
the Stratford and Lake Huron and the Kaministique 
Prince Arthur’s Landing Railway, on the former of which 
the rails are laid from Stratford to Listowel, a distance of 
27 miles, while the latter is ready for traffic whenever a 
connexion is effected with the Canadian Pacific. The 
Kingston and Pembroke Railway is m for traffic from 
Kingston to the Mississippi river, a di ce of 60 miles, 
nearly 15 of which have completed during the year ; 
and the road is located to the Madawaska, 28 miles further 
on. The Lake Simcoe Junction Railway is practi a 
branch of Toronto and Nipissing Railway, and is of the 
same gauge; it is complete in order. The 
work done on the Credit Valley Railway has been confined 
chiefly to grading and bridging between Woodstock and 
Ingersoll. On the Victoria some grading and bridging have 
been done between Kinmount and iburton ; and when 
this portion of the road is completed, there will be 100 miles 
of continuous railway between Haliburton and Whitby 
vid Lindsay and Port Perry. Rapid progress has been 
made during the year with the Hamilton and North- 
— = — mg Be Hamilton and Lake Erie, termi- 
nating at Po ver, been amalgamated. The whole 
length of the line between Barrie, the present northern 
terminus and Port Dover, is 137 miles. The Midland Rail- 
way is under construction from Waubashene to Midland, 
on Georgian Bay, a di of 14 miles. Some i 
and bridging have also been done on the Belle 
North Has Railway. Six i were made in 
ae two Po ; h are on bog gh _— our under or over. 

a 2094 miles of new were opened in 
Canada in 1877. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
‘ Pe ep ee Wednesday. 

The Cleveland Iron Market.— there was 
a good attendance on ’Change at brough. ‘The 
market was i weaker. In consequence of one or 

ing i firms having disposed of 

figure lower than that fixed 
owners, there is a distrust an: 

ers that the combination to 
maintain quotations has broken up. No. 3 Cleveland pig 
can now be bought at 40s. per ton, and other qualities can 
be obtained at i rates. Makers’ stocks are 
still very heavy. better feeling as to trade prospects 
pervades commercial circles. 

The Finished Iron Trade.—There is no ¢ in the 
i The demand for shipbuilding 
iron continues satisfactory, but there is very little doing at 
the iron rail mills. 

The Wages of Ironworkers.—On Monday a special 
meeting of the Board of Arbitration of the North of Eng- 
land Iron Trade was held at Darlington, Mr. Whitwell, 
chairman, presiding, to see if there was any possibility of 
settling the question in dispute without reference to arbi- 
tration. After some discussion the employers agreed to 
withdraw their claims for special reductions on certain 
rates in plate mills, and also for the abolition of prize, 
level, oll underhand money, the operatives agreeing to 
recommend their constituents to accept a reduction of 9d. 
per ton on puddling and 7} per cent. on all other forge and 
mill wages. This arrangement shall continue in force until 
the 29th of June, and be subject to one month’s notice on 
either side. It is, however, tood that both sides are 
at liberty to give notice to the standing committee in the 
usual way for the alteration or adjustment of any rate 

reconsideration. The operative representatives 

to submit this offer +o the workmen, and the 
various lodges will hold meetings forwith to consider it, 
and the answer will be known in a few days. As a reduc- 
tion of 7} cent. was awarded in Staffordshire, and as it 
has been the usual custom of the trade to have proportionate 
reductions, it is not e there will any serious 
oO ition on the part of the ironworkers of the North of 
Fagiand. If the cy~ yo offer be accepted, the new 
rate of wages, which will be 7s. 6d. per ton for puddling, 
and other wages in proportion, will come inte operation at 
the end of the present month. 

The Iron and Steel Institute-—Next week the annual 
meeting of the Iron and Steel Institute will be held at 
Great Goerge-strest, Westminster. Several papers will be 
read and discussed. It is expected that the autumn meet- 
ing will be held in Paris. 

The Paris Exhibition and Cleveland.—The Cleveland 
ironmasters and ee ae are p' ing a number of 
specimens of the products of Cleveland to be sent to the 
forthcoming Paris Exhibition. 

The Coal and Coke Trades.—There is no alteration in 
the coal and coke trades. 


Shipbuilders and Engineers.—Both these branches of 
inhastey are fairly how. To-day, Wednesday, Messrs. 
R. Dixon, andCo., of Middlesbrough, launched a magnificent 
steamer of 3000 tons for Messrs. James Watson and Co., 
of Glasgow and Middlesbrough. Messrs. Dixon have 
five other steamers at their yard in different stages of 
construction. 


NOTES FROM THE SOUTH-WEST. 
Sinking for Coal in South ee one 
at the Penrhiwceiber Colliery, Mountain Ash, have duri 
the past } ey ——_ been gmny FW carried - = - 
at the rate of six and seven per wee i 
male a will ie ome ey the Penrhiweeiber 
i mpany, during the ‘ew years, have to 
contend with a quantity of water quite unprecedented in 
sinking operations in South Wales, which for a time 
greatly retarded all progress. It is anticipated, however, 
that should the same progress be made during the re- 
mainder of the year as during recent months the coal will 
be reached by Christmas, 1878. 


The Wye.—A charge inst the Hereford corporation 
for polluting the River Wye with sewage was heard in 
the county court at Hereford on Tvesday. Mr. Gwynne 
James, on behalf of the corporation, admitted the offence, 
but — for an adjournment of six months. Mr. 
Garrold, on behalf of Mr. Lloyd, the plaintiff, opposed the 
application, and urged the court to make a formal order 

ler the Act at once, but to suspend the operation of it 
for a reasonable time. The court, however, declined to 
make the order, and to the adjournment of the case 
for six mon on the corporation und ing to con- 
sider in the meantime the best means of abating the 
nuisance. 

Steam Communication with France.~-"“he directors of 
the Great Western Rail Com met the Weymouth 
town council on Tuesday with reference to » contemplated 








daily steam — between yt ad 17 ee a 2 
is proposed © passages 8 ight, and s 
oa exceed five or six hours. Mr. Edwards, M.P. for 


Weymouth, has been in communication with the company 
on ten subteat, and it is hoped that the service will be com- 
menced next month. : 

8 Tr ys.—The Board of Trade has decided 
not to grant its certificate for the opening of the St. Helen’s 
portion of the Swansea tram for traffic, until a 


suit against Mr. G. B. Morris, instituted b: 
Me Dickson: has been decided. “ 
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iron have been made to Cape Town, Santander, St. John, 
and Werkebeck, amounting to 3636 tons as compared with 
1588 tons in the previous week. Messrs. Vaughan Brothers 
and Co., of Liverpool, have one of their ships, the Kin 
Cenric, 1600 tons register, coming from Dundee to lo 
rails for India. 

Swansea.—Trade during the week as regards the ship- 
ment of coal has not been quite so brisk as it was in the 
— week. Large house coal is quoted at 13s. 6d. de- 

ivered. The French and Mediterranean ports have 
absorbed pretty nearly the whole of the exports during the 
week. A slight improvement is visible in the patent fuel 
e. The tin-plate trade remains inactive, butjprices are 
uncertain. The whole of the tin-plate works in the district 
are still going full time. 


== 


Portishead Dock.—A serious landslip, upwards of 100 | 


yards in extent, occurred on Monday at the dock in course 
of construction at Portishead. The dock was rapidly ap- 
proaching completion, and it was intended to turn the 
water into it in May. The exact amount of damage har 
not been ascertained, but it will delay the opening of the 
dock for a considerable time. The cause of the slip is said 
> 8 Soe the existence of a bed of quicksand under the 
lock wall. 








CANADIAN Pactric RarLRoapD.— Surveys have beencom- 


omy for the entire line. A practicable pass, but 360 ft. | 


high, has been found through the Rocky Mountains, and 
it is proposed to make Burrard Inlet the western terminal 
point, coming down Frazer River. The road will have its 
eastern terminus near Fort William, on Lake Superior, 
will pass through Assiniboine City, touch the head waters 
of the Milk River, and pass in the neighbourhood of the 
fiftieth degree of latitude.. Pending the tardy action of the 
Canadian Government capitalists in the north-west have 
taken hold of the matter, and contracts are already let for 
es. 


Description, see Page 
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| LigHTIne By ELEcTRIcrry.—An enterprise is being 
| 0 i under the title of the Parisian Company for 
| Lighting by Electricity. An attempt is now being made 
| to raise share capital to the extent of 14,400/. 


} 





SPANISH RAILways.—A company formed for ing 
| out a direct line from Madrid to Lisbon, vid the valley of the 
| Tagus, has opened an additional section of 20 miles. The 

length of line worked is thus carried to 1263 miles. The 

company has now only to complete some 7 miles more in 
| order to reach the point at which its lines are to fall in 
with those of which the Royal Portuguese Railway Com- 
pany has undertaken the construction. 





RaILways In NewSoutH WaAtEs.—At theclose of 1876, 
| New South Wales had 509 miles of open railway, and 179} 
miles were under contract to be completed by the end of 
1877. The rolling stock comprised 101 locomotives, 344 
passenger carriages, and 2217 goods trucks. The number 
of railway employés was 2443. “The Government expen- 
diture for construction amounted to 8,638,3621. During 
1876, the total receipts were 693,2251., and the working ex- 
| penses 337,4061. e extension of the southern line to 
ages Wagga at the head of the navigation of the Mur- 
| rumbidgee, a distance of 174 miles from Goulburn, at an 
| estimated cost of 65001, per mile, 1,131,0001., is being ra- 
| pidly proceeded with ; and railway communication will be 

cataniied to Albury at an early date, so as to establish a 
through line between Melbourne and Sydney. Surveys for 
| extensions in the west and north are in . In the 
nenth, the extensions from Morrurundi fe amworth, 62} 

es, is progressing, and is now open 

| the present intention of the New South Wales Government 
| to connect the Clarence River and table-land of New Eng- 
| land with the northern borders of the colony by a narrow 
| gauge line (3 ft. 6in.) which will meet, at a future time, a 
corresponding on the Queensland side. The western 
extension from urst to Orange, 464 miles, is now open. 
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A STEAM GOVERNOR. 
To THE Ep1TOR OF ENGINEERING. 

Sr1r,—I send you herewith a drawing of a steam governor 
(not patented) which I designed some three years ago to 
control a peculiar arrangement of valve gear on an eighty- 

wer engine. 

a taken your paper for several years past, and do not 
call to mind anything published to which it bears any 
similarity, therefore I take the liberty of contributing this 
as something novel and interesting to some of your mecha- 
nical readers. I presume it could be successfully employed 
to control the gates of a *‘ water-wheel,’’ the water column 
being utilised im the pressure cylinder. I do not present 
this as the most approved form possible, but merely say in 
its present design it works successfully. 

In the annexed views, Fig. 1 is a longitudinal section, 
Fig. 2 a transverse section through pressure cylinder, and 


\ 











teond ’ | 


AMERICAN RAILWAY APPLIANCES. 

Ar the meeting of the Institution of Civil Engineers on 
Tuesday, the 12th of March, Mr. Batemen, President, in 
the chair, the paper read was ‘‘On Railway Appliances at 
the Philadelphia Exhibition of 1876,” by Mr. Douglas 
Galton, C.B., F.R.S., Assoc. Inst. C.E. 

Although the first American railroad was only con- 
structed in the year 1830, about 22,000 miles were in 
operation in 1856, and 74,600 miles in 1875. The difference 
between the American and the European railroad systems 
was very marked. In Europe the railway was originally 
looked upon rather as a means of diminishing distance by 
high speeds than as the universal road for traffic. In 
America, where the railway had been the pioneer road of 
the country, and the sole means of communication, cir- 
cumstances prevented the investment of more capital than 
was sufficient to make a line adequate to perform the duty 
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Fig. 3 a detached section of fluid valve. A. Small valve in 
fluid passage regulating flow. 
The object of the arrangement as drawn is to successfully 
employ the steam pressure to re te and control the 
of an engine to which it may be attached by connect- 
ing the piston rod of the instrument to the valve me- 
chanism in some suitable manner. Two cylinders are used 
fitted with pistons fixed on a rod common to both, one 
end of which continues through the outside head of the 
fluid cylinder, and being properly laid’ off serves as an 
index to show the point of cut-off at sight, the rod termi- 
nates with a knob by which the pistons can be moved by 
hand. The other end of the rod is shown as passing 
through into the steam-chest of an engine where it is 
supposed to be connected to the cut-off valve. In the 
der nearest the engine the steam pressure is used ; 
it is provided with the usual inlet and outlet passages, 
similar to an engine cylinder. The other cylinder is filled 
with oil or other fluid, the passage opening communication 
from one end of the cylinder to the other through the valve 
situated in the small box or chest on top. The office 
of the lock cylinder, as it is called, is to regulate the 
rapidity of the adjustment, and it also serves, when 
the passage is closed by the valve, to firmly hold the valve 
gear in proper position in case it be of a disturbing nature, 
also in case of leakage of steam into the pressure 
cylinder. The valves controlling the passages of the two 
cylinders are balanced and turn on trunnions, being con- 
nected to the light governor secured to the side of the 
cylinders, and being driven by gear, &c., as shown. The 
pulley to the left receiving the leather band from the 
pulley on the crank or countershaft of the engine, motion is 
given the valves of the instrument through the levers con- 
necting the governor to the trunnion or stems of the valve ; 
they are so adjusted that when the governor is running in a 
central plane or position the valves close their respective 
passages; by means of the small valve A fixed in one of 
the fluid passages the time of displacement of the oil from 
one side of the piston to the other through the passage is 
I ted to suit the requirements of each particular case, 
it varying with different engines. This adjustment easily 
prevents any tendency for the machine to overreach or 
make an over adjustment of the valve gear with a tendency 
to “‘ race’’ on the part of the engine. As the valves turn 
easily the governor is practically free to indicate to the in- 
strument the proper position to accord to the valve gear in 
order to maintain the engine at its set speed, which it is 
bound to keep, so long as the instrument a reserve of 
power at its command up to the point at which the engine 
is overloaded. It is desirable in making use of this steam 
governor to connect the steam pipe to some point where 
the supply is not liable to fluctuation, or in other words, 
where a solid pressure can be secured. It is ily seen 
that the capacity of the machine to handle any motion is 
only limited by the area of the pressure cylinder and the 
= employed, also that its range of action can be made 
suit any case. Hoping to be instructed by the criticism 
of those interested I dedicate itito any of (or 
in the mechanical line who may be glad to 


our readers 


) 
find something 


that will handle and control what may be otherwise a 
valuable idea or improvement. 


y> 
DGAR PENNEY, Mechanical Engineer. 
Chelsea Jute Mills, Fort West, Twenty-Fifth-street, 
New York, February, 9, 1878. 





immediately required of it. But, whilst the first cost was 
thus limited, considerable mse had to be subsequently 
incurred in perfecting the line. On the early American 
railroads the sleepers were laid on the soil, with little or no 
ballast. Sharp curves and steep gradients were the rule, 
so that a short rigid wheel base was imperative. in, a 
car resembling the saloon of a steamboat was gp 
rather than a development of the body of a » as 
on European railways. The cars had cen couplings, 
with end doors and steps, so that station platforms were 
unnecessary ; and the traffic, until recen’ A had not de- 
manded expensive signal arrangements. ore responsi- 
bility appeared to have been thrown on the engine driver, 
and improvement had been mainly in train appliances, 
such as brakes. It was believed that whilst the railways 
in Australia and other British colonies and in ia were 
still in their infancy, advan would accrue from a care- 
ful consideration of the American system. 

The subject was treated under the following heads: 1. 
Permanent Way ; 2. Cars and Car Fittings, including, a 
wheels, 6 axles, c couplings, d springs, e brakes, and 
one apparatus ; 3. motive Engines; 4. Railroads 
0 . gauge. 

The main features of the standard track of the Pennsyl- 
vania Railroad Company consisted in the shape of the head 
of the rail, the form of splice for the joints, the large 
number of sleepers, and the arran eb of the ballast. 
The splices were 2 ft. in length. e outside splice had a 
tongue which passed over the flange of the and was 
spiked to the sleepers. The joint was suspended midway 
between two sleepers. The surface at the formation level 
had slopes of 1 in 20 from the centre outwards, and the 
ballast was so laid as to allow the water to drain off rapidly. 
The weights per wheel in the heaviest engines were about 

tons. In connexion with the permanent. way, atten- 
tion was directed to the Wharton switch, the principle 
of which was to carry the train off the main line on to a 
siding, without any break in the continuity of the main 
line rails. 

The great distances on American lines had led to the 
conversion of the passenger cars into travelling hotels. 
The main advan’ of the American form of car, whic 
consisted of a long body supported at each end on a bogie 
truck, was the power of movement afforded to the pas- 
sengers, and of access toconveniences. The disadvantages 
were, the mode of opening the windows, which slid up in- 
stead of being let down into the panels, and the difficulty of 
ventilation, but the latter had been overcome by a cent: 
raised roof with clerstory windows. A car for sixty 
persons had a length of body of 48 ft., a width of 9 ft. 6 in., 
and a height of 7 ft. 10in. at the sides and of 10 ft. 3 in. 
in the centre. Such a car would weigh, when empty, 
650 Ib., and when full 783 lb. per passenger. Sleeping 
cars for sixty-four Ae were made with a body 61 ft. 
long, and weighed, when empty, 812} lb., and when full 
9454 Ib. a enger. A class of vehicle, recently adopted, 
seemed likely to come into greater use. This was 
refrigerator car, by which the produce of California was 
brought to the States, and the deli 
the South and fish from the Gulf of Mexico were taken to 

i These cars were fitted with ice boxes, and were 





our in extending from the top 
fed through hoppers in the roof. 


ral | cars at Phi 


Chicago. 
of various patterns. A very efficient cooling surface was | European 
og age two ice chambers on each side of the car, or 
. to the bottom, and 
These boxes, being 





placed 3in. from the sides, allowed a free circulation of air 
all round. 


The use of chilled cast-iron wheels was all but universal 
on American railroads. Each wheel formed a single casting 
with the tyre, and was cast in a chill, consisting of a rim 
of iron turned perfectly true, so that labour in turning was 
avoided. The necessary hardness in the chill was obtained 
by a mixture of charcoal iron, chiefly Salisbury iron, with 
broken up wheels and castings. comparatively hi 
price of c iron had led to the substitution for it, in 
part, of anthracite iron, with wrought iron or Bessemer 
steel. A brief account followed of Messrs. Lobdell’s mode 
of manufacturing w with charcoal iron, while the 
processes of other makers, and of Mr. Hamilton’s successful 
use of anthracite iron, were briefly referred to. The 
duration of car wheels in the United States was stated to 


be — 50,000 ¥ — miles. Th pad ~ be turned 
up and run a further mileage. urn ‘ore being 
te Messrs. Lobdell teed a duration of 90,000 miles. 


From numerous inquiries, the author had arrived at the 
conclusion, that good chilled cast-iron wheels were econo- 
mical, and that they did not break in a way to occasion 
accidents to trains, provided they were periodically examined 
when running. 

Three axles were noticed, in each of which the object 
was to allow the wheels attached to them to revolve inde- 
pendently. The construction of the Miltimore 

of this class—was described in detail, as with it there was a 
marked diminution of friction in passing round 
curves. The results of two experiments were . 
which showed in one case that there was a friction of 
13.15 lb. per ton in the Miltimore axle, as against 17.21 lb. 

r ton with an ordinary axle, while in the other case these 

res were 13.67 lb. and 26.55 lb. 

The Miller coupling and buffer, now generally adopted 
in the United States for passenger cars, consisted of a 
spring buffer with a coupling immediately under the centre 
of the buffer. The buffer was in the plane of the sill of the 
car, and the compression was also in that plane, so that 
there was no tendency for the sill of one car to rise above 
the sill of the adjacent car. coupling consisted of a 
broad catch attached to the end of a spring draw-bar. This 
hook caught the , oy hook sideways, as the elasticity of 
the head of the draw-bar afforded a slight lateral motion. 
When the cars were run together, the ends of the hooks 
first passed each other, then spi back so as to form a 
secure clasp, the buffers being at same time brought 
into compression. All this was effected without the use of 

i or pins, or the intervention of men to make the 
attachment. The uncoupling was accomplished by a vertical 
lever attached to the ing of the platform, the lever re- 
leasing one hook from its hold on the hook of the adjacent 
car. springs, the greatest novelties were spiral springs 
in nests, and spiral steel springs combined with india- 


rubber. 
The brakes on American railroads were, as a rule, 
capable of pune cones to a larger number of wheels in a 
in fs 


pe Be 
e grea’ ity for the rapid stopping o: 
owing to the absence of secure fencing on the prevalence 


of single lines. It seemed to be recognised in the United 
States, lst, that the engine-driver should have com 
control over the -.~ eo of brake power to all the wheels 
of the train; and, 2nd, that in the case of the accidental 
fracture of the couplings, the detached cars should be at 
once brought to rest by the action of the brakes attached 
tothem. The Westinghouse automatic air brake was in 
extensive use on American railroads, especially for passen, 
trains. In it the air in the pipes was pumped’ in continually 
under pressure, and the brakes were applied by diminution 
of pressure. Smith’s vacuum brake (the property of the 
Westinghouse Brake Company) was occasionally employed, 
where rapidity of action was not of paramount importance. 
It was less expensive, and its action was dependent upon a 
vacuum in the pipes. 

The method formerly in use in America for heating the 
cars was by open iron stoves, but these had been the cause 
of many frightful accidents from fires. The Baker car 
warmer seemed now to beingreat favour. In this the heat 
was applied by hot water pipes laid round the car on the 
floor level, the water being heated by a coiled portion of the 

ipe being passed through a ci x iron stove. The fire- 

x of this stove was of wrought-iron, and this was 
contained in a second covering of iron, which terminated in 
the chimney. No instance was on record of a fire having 
been occasioned in a train from these stoves. For the 
circulation, both ends of the pipe were inserted in a close 
cylindrical cistern on the roof of the car. The liquid used 
was a saturated solution of salt water, as this solution did 


h | not freeze at ordinary low temperatures. The safety valve 


had a compressible india-rubber ball, as the crystals of 
salt prevented: a metal-seated valve from shutting tightly. 
The ———— the nee of heating s in an 0} 

car was 0 in. pipe per passenger. 

The striking fact gutbacel foes the exhibition of railroad 
elphia was that, while the comfort of railway 
travelling had been practically statio: in Europe for the 
last twenty-five years, it had been rapidly deve in the 
United States within the last few years to a s' above 
that of Europe. The comforts were as much in 
Europe. The distances were as great; the cold was as 
intense; the ulations to be accommodated were as 
numerous, and more wealthy. No doubt the control exer- 
cised by Continental Governments. had had some effect in 


the | stopping improvements ; but the author believed the stag- 


nation was largely due to the use of small carriages di 

into compartments. These had actually prevented the de- 

velopment of comfort, while the larger American car had 

both suggested and afforded scope forimprovement. Until 
railway companies fo! d the lead of America, 

and adopted long i ie trucks, comfort in 


carriages on bogi ; 
= would remain in its present unsatisfactory con- 
ition. 
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x. The cylinders were thus right and left indis- 
criminately, and a single pattern answered for both sides. 
The boilers were of i 


blister. The i were given of five classes of en- 
gines, built at * Baldwin — ey and of their 
ormances. appeared tractive force required 
draw atrain on an American railroad was less than on 
an English railway, so that either the train resistances were 
less or the average adhesion was greater. The dryness of 
the climate was more favourable to adhesion. In America, 
the average train resistances were diminished by the use 
of the bee truck, ibly also by the ea of oil 
in the boxes; but the main oxnse was pendent upon 
as Wass moving indepuniealig, soualdametio 
wheels moving economy in 

the tractive force required on railways would result. 
Within the last few years companies had been formed to 
build in America 8000 miles of narrow lines, of which 
2700 miles were in operation at the of 1877. The 
Denver and Rio Grande Railroad was proposed to be 1700 
miles , and between 200 and 300 miles had been com- 
pleted. The pane of this system contended that a 
mile of single li ase Senet S 2S. comn Some ee 
19041., with rails weighing 30 lb. to the yard, or for 2144/. 
with rails of 40 lb. to the , while the rolling stock might 
cost 7581. per mile, caleulated for a length of 100 miles of road. 
The were added of the engines and rol)ing stock for a 
of 3ft., and a contrast was 
for a gauge of 4 ft. 8} in. The 3-ft. gauge railroads 
were introd in the United States as economical pioneer 
lines, and so long as they were retained in that capacity 
they might be useful for o; ang ont a country where the 
was small. They been found peculiarly 
applicable in penetrating into the narrow cafions and gorges 
in the hills of Colorado. But it was certain that where 
8 conditions did not prevail, and as the traffic increased, 
inconvenience of a break of gauge would be more 
, and a wider would be found erable. It 
was, however, worthy of consideration whether in the 
colonies narrow a er ry of cheaper construction and 
with cheaper t the 4 ft. Shin. gange, might not be 
advan 'y adopted, and amply or the wants of 

such communities. 
THE *“ INFLEXIBLE.” 
Report OF THE COMMITTEE. 


(Concluded — ge 211.) 
THe model of the Inflexible ad the Committee was of 


a large size, weighing nearly a ton. It was so constructed 
that its rate of extinction could be tested with different 
immersions and heights of centre of gravity, and with the 
sides and bulkheads of the unarmoured ends either open 
throughout, like a gridiron, or with more or less extensive 

through the sides, and with or without the cork 
belt. Automatic records of the — of extinction were thus 
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the Inflexible in several conditions, and several other im- 





.| by each to make her roll to a given range will be in the 


e tion of water ballast 


made between it and the | tical 


r knots on the straight course. 
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ships in the Navy. The basis of comparison is the 
oo a nay ene which each of these ships re- 
spectively experiences erformance of a single 
euing eeereas, TONS of medium amount, the same 
ts no tel oan ie kone of 

a xLMa' ’ 

i thacanate ER asipol selinadian te te-tnn- 
pare several ships ha’ i t rates of extinction, sup- 
posing each to be with a series of co-periodic waves 
then it will follow the steepness of the waves required 


direct ratio of their respective rates of extinction, so that, 
for instance, if one of hae a rate double that of an- 
other, she will require waves twice as steep to make her 


as deeply. 

‘i It x4 obvious from te, paris. antenet wo ps 
inctive power possessed by internal water is capa) 
— increased or diminished largely by comparitively 
8 c in depth. Thus it appears that when the 
Inflexible is simply riddled and gutted, the middle deck 
— just awash, the inte water is extraordinarily 
effective, and that the power is impaired by the introduc- 


On the basis of the foregoing explanations, the following 
Table has been drawn up, showing the greatest angles to 
which the Inflexible in several variations of her riddled 
condition, will roll when acted on by a series of ocean 
waves as as any that are on record. These are 
assumed to have the very unusual period of sixteen seconds, 
and a height from hollow to crest of 40 ft. : 
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One of the occasions on which, it is well known, ships of 
moderate transverse stability have become inclined to un- 
expectedly large angles, is that of turning at high speed, 
and it was necessary that we sho in, with prac- 
ical exactness, in reference to the Inflexible in her several 
conditions of reduced stability, what would be her be- 
haviour on such an occasion ; and again, what limitatio: 
if any, of speed or of action of the helm must be inpeoed 
on her when turning. 

No sufficiently complete records existed which could be 
made available for the investigation, and it was necessary 
to obtain the requisite data :- direct experiment. The 
have been by a careful series of experiments tried § 
by our request, at several speeds with the Thunderer, a 


The results deduced from the highest speed experiment, 
and therefore of the most importance to our inquiry, are 
as follows. They are deduced on the assumption of the 
Inflexible going at the same speed, namely, 7.24 knots, 
and turning in a circle of the same diameter, namely, 
1210 ft.,as the Thunderer. The s of the ship before 
the helm was put over was 11.14 knots, and the engines 
were kept going as before entering on the circle : 

1. The Inflexible in the condition corresponding with the 
curves ¢ or f in the Parliamentary Papers, would be inclined 
about 2.33 deg. 

2. The Inflexible, riddled and gutted, and without water 
ballast, going at the 7.24 knots, and turning in the circle 
of 1210 ft. in diameter, would require a righting lever or 
GZ of .13 ft., and as the value of GZ at her maximum of 
stability in this condition is only .12 ft., she would on this 
supposition overset. It is, however, not to be 
that the ship under this condition could be driven at this 
speed, which with the Thunderer corresponded with 11.14 


8. In the rid and gutted condition, but with 400 tons 
of water ballast on board, the ship, if driven at the 7.24 
knots and turned in the circle of 1210 ft. diameter, would 
be inclined to 5.25 deg. 

To deduce from these data the inclinations which the 
ship would receive when running at other speeds, and 
turning at greater or less diameter of circle, it may be pro- 

isi ly assumed that the inclining;force wi 
directly as the square of the speed, and inversely as the 
diameter of the circle. 

The  — stability of the ship in the condition 
which we have assumed as that to which she may be re- 
duced without being hors de combat, would at first 
sight appear to be cient, but it had been observed in 
the course of the experiments at Torquay on the forms of 
ships, that all ships when moving ahead subside bodily in 
the water. It also that, for the most part, 
they subside more fi ee, See ts ag ane 


siderably greater as the speed i greater. In_ particular 
si greater as the greater 

his to bow —— is of marked magnitude 
with the form of the 


and that the tation of the effect produced must to 
some extent be dependent on the ship’s fore and aft 


of | extent in a case where the longitudi 
urpose. | become exceptionally low. 


perimentally with reference to the Inflexible in the condi- 
ee | 


Accordingly a series of experiments has been carried out 

Mr. with the model prepared for th 
ar ait tone found that while the Slash produied id reat cnt 
serious, vy largely ys oy the — ee ae, 
racter wounds, degree perforation 
men bulkheads. roe sist id halal 

a) » a8 regards larger o! side along 

the H Ber ay gee We bem ged not such as gt ered 
plate ’ not tend to produce serious change 
frim by the water which enters them even at the highest 
speed, but that there are parts at which, if such wounds 


roll | exist, the inflow of water will even at moderate speeds 


produce inadmissible changes of trim, and that such 
changes of trim may moreover result from wounds at any 
part of the water-line, if their effect is such as to bulge 
the plate outwards on one or other side of the wound; for 
instance, under the not very probable but still possible 
condition that the ship has received a single large wound 
near the stem, associated with the complete rupture of the 
internal bulkheads, but without any relieving outlet, and 
that the water has free admission to the unarmoured end 
aft, it appears that the —- could not steam ata speed of 
even seven knots without wholly ochuennng her freeboard 
forward ; and again her speed is similarly limited to nine 
knots by wounds of a much less critical c ter in other 
parts of her side, if those wounds have the peculiar form 
assumed. 

It has not been possible to ascertain by experiment how 
the effects here referred to would be modified by the action 
of sea waves, and the circumstances on which the result 
must depend are so various and so complex as not to admit 
of theoretical treatment. It seems certain, however, that 
on the whole the effect of sea waves must be to aggravate, 

in some circumstances greatly to vate, the dis- 
turbances of trim which have been described, and to limit 
still further the speed permissible. 

We consider that any such large limitation in the ship’s 
speed may expose her dangerously to the attack of ram or 
torpedo, but we may add that the course of the experiments 
shows that by suitably formed cutlets in the ship’s side it 
may prove possible to provide an effective remedy. We 
recommend that the subject be further investigated, with 
the view to the application of such or other remedial ar- 

ments in the case of the Inflexible. 

The evil might be lessened by increasing the longitudinal 
stability, and the best way of doing this would be by ex- 
tending the cork to the end, where buoyancy gives a far 
more effective increase than if supplied by extension of the 
citadel. 

The experiments we undertook have served to deter- 
mine, amongst others, two points essential to the inquiry, 


viz. : 

1. The greatest extent to which the ship may roll under 
the exceptional and complex conditions produced by the 

iddling and destruction of the ends. 

2. The effect of speed under the same conditions in pro- 
ducing the change of trim which has been observed always 
to accompany the forward movement of such a vessel, and 
which we anticipated might be developed to an exceptional 
stability might 


The results obtained show how important it was that 
these experiments should have been made, notwithstanding 
that they involved a considerable expenditure of time. 
Indeed, we could not have answered completely or confi- 
dently the questions put to us without making these ex- 
periments ; and the results have, in our opinion, fully re- 
paid the time spent upon them, and justified the importance 
which we attached to them. ™* 

In the course of our inquiry we had occasion to scrutinise 
carefully the calculations made under the supervision and 
control of the Constructor’s Department of the weight and 
position of the centre of gravity of all the materials used 
in the building and fitting of the Inflexible, and also of 
the calculations of the stability under different conditions. 
We desire to record our sense of “ers ing accuracy 
and scientific skill with which all these calculations are 
made and of the reliance which may be placed on them. 

We do not find that in the calculations of stability account 
is taken of any element of the ship which does not properly 
aha cegurin the postion al the cxpionat quinit, we ie 

the position e centre of gravity, we have 
had presented to us the results in the case of other vessels to 
which the same system has been applied, and we find that 
in no case does the calculated point differ from that ascer- 
tained by inclining the = more than .12 ft., that is to 
say, under 1} in. Should the error in the Inflexible reach 
= amount, = be Senen 2 — - Meg pe aay “oa 
of increasing her stability, it wo no’ greater 
might be corrected by the addition of an amount of ballast 


will vary | in the bottom of the ship not exceeding 60 tons. 


Recommendations. 


I. Looking to the unexpectedly great demand on the 
ip’s longitudinal stability which may possibly ensue 

the circumstances referred to in page 14, we think 
it deserving of careful consideration whether it will not be 
advisable to extend the cork chambers longitudinally to 
|= arene ends of the ship and upwards to the upper 
II. We suggest for consideration that the travel of the 
guns on their slides foun nay ye (oa they should 

, be , may Ta 

— Sa wack vide of the contre, or otherwise i that aslight 
pee A of the distribution of weight in the turret should 


be made for the arpose of bringing the centre of gravi of 
the ero and a over the centre of revolution when 
the guns are at the middle of their range on the slides. 
At present the inclining moment due to the renning out of 








stability. 
It seemed to us important to investigate the subject ex- 


the is over. 1600 foot-tons, and becomes a serious 
clemaat of danger as the ship approaches 


the riddled and 
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tted condition. It might by the measures proposed be 
poe me to little more than one-third of that amount. 

III. We note that the total pumping power which the In- 
flexible will possess, including the use of the circulating 
pumps, is capable of throwing out 4500 tons of water 
per oe ; and it is understood that in providing that 
amount of power.a large increase (probably in the ratio of 
2 to 1) has been made in the proportion of pumping power 
to displacement hitherto adopted. 

Notwithstanding this increase, the pumping power is 
very disproportioned to the enormous extent of the leakage 
to which a modern ship-of-war is subject in action. The 
4500 tons per hour might be thrown out by 200 horse 
power well applied, and it appears to us to_be a conclusion 
not to be admitted except after the most exhaustive inquiry 
that a ship which has at her disposal, for motive purposes, 
8000 horse power, should not have more than 200 available 
for pumping purposes when she has been struck in a vital 
part by ram or torpedo. 

We do not pretend to say how large a proportion of the 
engine power could be made available, but we think it right 
to draw attention to the subject as one demanding grave 
consideration. 

IV. Having expressed the opinion that future progress in 
the construction of armoured ships lies in the adoption of 
an efficient system of armour, combined with some cellular 
or equivalent structure, we cannot but feel desirous that 
the best mode of dealing with shot and shell in the un- 
armoured portions of the ends should be made the subject 
of careful and systematic experimental inquiry. Such 
inquiry should embrace not only the form and distribution 
of the cells themselves, but also the best material, if any, 
with which they might be wholly or partially filled. It is 
to be regretted that a similar recommendation of the Com- 
mittee on Designs was so imperfectly adopted ; but even 
the partial experiments made in 1873 added materially to 
our information, and so far as they went, they justified the 
adoption of the cork-filled cells and oakum-and-canvas- 

ked cofferdams of the Inflexible. If, however, as we 

ieve, the time has come when cellular structures must 
form an important feature in a ship’s design, the area and 
scope of such experiments should be greatly enlarged ; and 
we strongly recommend this subject to the serious con- 
sideration of their lordships. 

V. Results which have been obtained in the course of 
the experiments at Torquay on the resistance of ships, 
show that a considerable increase of the extreme b th 
of the Inflexible, if accompanied by a corresponding finding 
of the ends so as to keep the displacement codon would, 
if anything, diminish the resistance of the intact vessel to 
propulsion at full speed. Supposing the ship thus increased 
in beam by 10 ft., and the citadel shortened so as to retain the 
same perimeter and thickness of armour, her transverse 


stability would then be about doubled in the e and f con- | pud 


ditions, and in the riddled and gutted conditions would be 
more than it now is in condition e orf. Her longitudinal 
stability in the riddled and gutted condition would be re- 
duced 10 per cent-, but would not be diminished in condi- 
tion e and scarcely appreciably so in The increase of 
beam would also add to the area of the citadel in a hori- 
zontal plane, and thus increase the buoyancy in the riddled 
condition. 

We note that the beam of the Inflexible was limited by 
the consideration of the width of the docks available for her 
repair, but we doubt if this consideration ought to outweigh 
the = advantages which a further increase of beam 
would give to vessels of the Inflexible type. We are the 
more inclined to doubt it because, at present, docks capable 
of accommodating vessels of any breadth can be con- 
structed of iron rapidly and at no serious cost in com- 
parison with that of such vessels as the Inflexible. 

We, therefore, in conclusion, desire to bring under the 
very serious consideration of their lordships the necessity, 
before proceeding with the construction of more vessels of 
the type of the Inflexible, of thoroughly investigating 
whether by more beam their safety may not be largely 
increased without impairing their speed and efficiency. 

The completion of the appendix will be proceeded with by 
our secretary, under the supervision of Dr. Woolley and 
Mr. Froude, who have been good enough to offer their 
assistance for the purpose, and it will be forwarded to their 
lordships with as little delay as possible. 

We add statements showing : 

1. The days on which the Committee have sat. 

2. The papers given in the appendix. 

_ 8. The papers laid before the Committee, but not given 

in the appendix. 

We have the honour to be, Sir, 
Your obedient Servants, 
J. Hope. 
JOSEPH WOOLLEY. 
W. FrRovupe. 
G. W. RENDEL. 
The Secretary to the Admiralty, Whitehall. 








FOREIGN AND COLONIAL NOTES. 

A Dredge for ee —The American Dredging 
Company have built a dredge for the Government of 
Nicaragua, which is to be shipped in parts for erection at 
Greyton. It is a dipper dredge, with a bucket of one cubic 
y ge A The hull is o in. — iron, 60 ft. long, 
and 22 ft. wide, with 5ft. depth of hold. It has double 
cylinder engines 6 in. by 15in., and locomotive tubular boiler 
constructed for burning wood. The contract was made be- 
tween Mr. Alex. J. Cotheal, Consul-General of the Nicara- 
Fein Gorerunsmns and the American Dredging Company. 

lates, with rivets, &c., for hull, engines, Boiler, bucket, 
woodwork for deck house, and iron crane new feature), 
ey &c., comprising the entire matériel for constructing 


dredging machine, were shipped on the schooner 
E. B. Colton, November 14, 1877, for San Juan del Norte 
(or Greytown), from the company’s works at the foot of 








Spruce-street, Camden, New Jersey. The schooner also 
took out a force of skilled workmen, in of Mr. 
James N. Pennypacker, and arrived at her destination 
December 16, 1877, when the work of erecting the machine 
was immediately commenced. This was under the direct 
supervision of Mr. A. G. Menocal, C.E. The dredge is the 
second sent to South America , 4 the American Dredging 
Company, and embodies all of the latest improvements in 
dredging machinery. 

A Belgian Crane.—The John Cockerill Company is just 
completing at Antwerp, the establishment of a crane 126 ft. 
in height and of 120 tons power. The crane is to be used 
for the loading of large boilers, pieces of artillery, &c. 

Australian Telegraphy.—A telegraph line connectin 
Adelaide with King George’s Sound has been completed, 
and brings for the first time all the colonies of the Austra- 
lasian group into direct communication with each other. 
The undertaking was one of considerable magnitude, and 
was pretty evenly divided between two colonies, South 
Australia having miles;to construct to her boundary at 
Eucla, while Western Australia had to supply 880 miles 
in order to complete the communication to King George’s 
Sound. There was already in existence a wire between 


King George’s Sound and Perth, a further distance of | °"&™ 


256 miles, so that the capitals of the two colonies are now 
connected by a line ofno less than 2046 miles in le \e 
The Western Australian section was commenced in May, 
1875, and the South Australian three months later ; but 
the latter colony attacked the work with so much energy 
that her portion of it was finished July 16, 1877. 


New South Welsh Railways.—Plans and specifications 
for a pro ilway extension from W: Wagga to 
Albury have been so far matured that the New South 
Wales Works Department has been enabled to call for 
tenders for the line. From the terms of the advertise- 
ments it would appear that the work is to be let in two 
sections. The first includes a viaduct over the Murrum- 
bridgee, and works through the town of Wagga Wagga, a 


length of 4 miles 30 chains. The second embraces the works | p 


on the line extending from Wagga Wagga to Albury, a 
length of 77} miles. 

ueensland Railways.—The extension of the Western 
Railway of Queensland is progressing satisfactorily. It is 
stated that arrangements will oat be made to open the 
line for traffic to Chinchilla (Charley’s Creek), which is 
within two miles of the end of this section. It may be ex- 
pected that in the course of a few months the line will be 
available for traffic to the end of the third section. 


Victorian Gold Mining.—There were engaged according 
to the official returns for 1876, in alluvial mining in Vic- 
toria, 251 steam engines, of 6778 horse power, 198 steam 
ing. machines, 4 buddles, 878 horse puddling ma- 
chines, 182 whims, 285 whips or see 14,745 sluice ap- 
paratus and sluice boxes, 29 hydraulic hoses, 527 pumps, 
197 water-wheels, 194 quicksilver and pound dies, 
405 stamp heads crushing cement, and 13 boring machines. 
In quartz mining there were employed 806 steam engines, 
of 16,557 horse power, 67 crushing machines driven by other 
power than steam, 6389 stamp heads, crushing quartz or 
other vein stuff, 55 buddles, 8 winding, washing, pumping, 
or other machines moved by water power, 534 whims, 452 
whips or pulleys, and 6 boring machines used in blasting. 

American Patents.—The annual report of the United 
States Commissioner of Patents states that the total 
amount received by the bureau during 1877 was 732,342 dols. 
Its expenses of all kinds for the same period were 
610,075 dols. The accumulated surplus over the annual 
expenses paid into the treasury to the credit of the Patent 
Office fund, was on the 3lst December, 1,114,222 dols. 
There were 13,029 patents issued to American citizens in 
1877, and 590 to foreigners. Appropriations of 30,000 dols. for 
the reproduction of photo-lithographs destroyed by the late 
fire, and of 20,000 dols. for the — of patents granted 
prior to 1867 are asked. A change by which the Patent 
Office printing shall be done under the supervision of the 
commissioner, and not at the Government printing office, 
the publication of a digest of patented inventions, a require- 
ment that patentees shall pay a final fee of 15 dois., and the 
cost of printing, and photo-lithography, and the establish- 
ment of a patent court as a more permanent tribunal than 
either the board or commissioner, to act as a court of ap- 
peal, are suggested. 

Coal Mining Accidents in Ohio.—The number of fatal 
accidents in the coal mines of Ohio last year was thirty. Esti- 
mating the whole number of men employed at 13,000, the 
ratio of accidents is one killed out of every 433 employed. 
Or taking the coal output at 5,125,000 tons, there was one 
fatal accident for every 170,666 tons of coal dug. In 4 
land, in 1876, there was one life lost for every 159, 
bushels of coal mined. 

pyc Sa worte— oe new Psi o— 
works capable of turning ou x per day (or J 
with Tarkish labour) have been commenced at Zelinbourna, 
on the Sea of Marmora, about four miles from Constanti- 
nople. The contract for the whole of the machinery has 
been taken by the Winchester Repeating Arms Com- 
pany of New Haven, United States. 

Undergrownd Telegraph Lines.—Underground 
lines are being laid from Berlin to the most distant extre- 
mities of the German Empire. The first underground line 
completed was that between Berlin and Halle, which is to 





of laying these cables is difficult in mountainous districts, 


but along the high roads it is simple h, and of late 
the operation has been further simpli yy the use of a 
machine constructed for the purpose. This machine, attached 


to a traction engine, excavates the earth along the line of 
route, and, having laid the cable in the ground, throws the 
earth back again, the only manual labour oc being that 
of a man who levels the soil afterwards. e machine was 
tried in the presence of Herr Stephen, director of the 


Prussian Post Office, 7. the underground line from Berlin 
0 


to on. 7 es Charlottenburg, and was found to 
work very A hal von Moltke despatched a de- 
tachment from one of the “‘ rai iments’ to Spandau 
to make an underground ‘or the cable underneath 
the fortifications, and a commission, composed of civil en- 
gineers and telegraph employés, has been appointed to 

for laying down, in the course of the spring, lines 
from in to Cologne, Frankfort, and Strasburg. 

Steam on American Tramways.—Steam power is to be 
tried on the Penn Avenue line of street cars in Pittsburgh. 
A week or two since, an engine builder of Pittsburgh re- 
ceived a contract for the ing of a double engine of 
compact form 18 horse power and double cylinder. 
ine is geared directly to the forward shaft of the car, 
while power is communicated to the rear shaft by endless 
chains and toothed gearing. The cylinders are 7 in, by 8 in., 
and the engine works by low , only 60 lb. of steam 
being required. This engine, if successful, will lead to the 
building of 42 more for the Citizens’ line, and for the Bir- 
mingham line. 

Krupp Guns for Russia.—Recent advices from Warsaw 
state that three 30-ton =n recently passed through that 
city from Essen to the late seat of war in B . Ten 
more similar guns are to be delivered to complete a con- 
tract concluded between Herr Krupp and the Russian Go- 
vernment. The cost of each gun is L. 


Pennsylvanian Coal Mining.—The actual cost to the 
Philadelphia and Reading Coal and Iron pm a mining, 
reparing, and delivering coal in railroad_cars in 1877 was 
1.04 dols. per ton; but as this sum included the cost of all 
new work and improvements carried out during the year, 
all of which were charged to the working expenses, the 
actual cost of mining was less than 1 dol: per ton. 


French Coal Mining. —The production of coal in the 
French department of the Nord in 1877 was 3,216,989 tons, 
as com with 3,303,006 tons in 1876. The number 
of workmen oo wep in coal mining in the Nord in 1877 
was about 20,000, of whom 14,000 were in service of 
the Anzin Company alone. The cost of raising each ton of 
coal in the Nord in 1867 was 8s. ee met the selling 

ice ranged during the year between 10s. and 10s. 5d. per 

m. The production of coal in the French department 
of the Pas-de-Calais last year was 3,423,981 tons, as com- 
pared with 3,336,768 tons in 1876. 

German Workshops.—A few years since, Germany 
ry one her naval materials and stores in land. Now 
the heaviest iron plates are manufactured at the Dillingen 
Works ; engines of all sizes are turned out by the Ngell 
ay, He Berlin, the Vulcan Company at Stettin, and the 
Weser Company at Bremen ; anchors are by Hen- 
sell and Lueg and the Gute Hompens Company, anchor 
cables by Vinske and Blatt and the Duisburg Cocmpasay ; 
and wrought-iron blocks and arti by Messrs. Borsig at 
Berlin, and Krupp at Essen. Government dockyards and 
private establishments are building men-of-war of all sizes, 
with all the latest improvements. Westphalian coal is ex- 
clusively employed on board these men-of-war. 

The Suez Canal.—The revenue of the Suez Canal Com- 
pany in January this year amounted to 114,000/., as com- 
pared with 112,6001. in January, 1877. This result was 
obtained, it should. be observed, with a reduction of about 
4 per cent. in the transit dues upon each ton of 
shipping passing through the canal. 

Queensland Telegraphs.—Considerable progress is bei 
made with telegtaphte extension in Queensland. 
new lines are in course of constriction or authorised. A 
line to Thornborongh, on the Hodginson goldfield, has been 
opened for business. 

New South Wales Coal.—Mr. Mackenzie, examiner of 
Miocoalcnpenionel thes ating teh thax eit anomie. 

e companies 0: co) ve pre- 

for the Paris Exhibition sections of coal sawn out 
rom the seams, so that the height of the coal seams as well 
as the quality of the coal may be shown. 

Russian Contracts in Austria.—During the last quarter 
of 1877, Russia concluded in Austria contracts for the 
supply of 3000 railway trucks, of the value of 360,000/., 
and 70 locomotives, of the value of 160,0001. Purchase of 
12,000 tons of steel rails and accessories were also made in 
Austria on Russian account. 

Creusé6t and the Eastern of France.—The Creus6t Works 
bare parptenen supply the : A France peawey 

mpany wi e tyres required by the company during a 
term of five years. A contract with this object has been 
taken at 111. 12s. perton. Hitherto, 131. 12s. per ton had 
been regarded as the minimum price. 

her 





New Treetron Coutiiery.—In May, 1876, the Rot 
Vale Collieries Company commenced sinking 

of the Duke of Norfolk, at Treeton, and have at length 
struck the coal at a of 337 ¥ 


be connected with three lines from Berlin to Oo! , from | The seam is the 
Berlin to Frankfort-on-the-Maine, and from in to} in , and. of ality. There are two shafts 
18 ft. in diameter, with metal “ tubbing”’ to 


Stras . The lines from Berlin EB mgng Bendy 





~ =o yhree tie engine ilies spediiiesedaeseteeticas aree eee ee 
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METALS. 
£ 


Anrimosy Oa8 (per ton)— 
Regulus (Star) .....0..000ee08 
Base (per ib.) — 
BHC, 4G X 2A ce eecseseneee 
Yellow metal .....0.s0.s0000 


CasTines, TYNES AND os i ameee Ye 
8. 





Ooprsr (per ton) — 
Chili a eee ree eee reeeeeeee 
Australian .. ....00.00-00 0000+ 
Kaglish tough, Dest. .e.cese. 
oe BOB ...cceee- cen +s 
BHOCts, BO. .rsrssseeseerseeee 





“~~ Ones r 
Ouse (por ‘Sea 


Inon Pie (per tig 
Barrow No, 1 cccccecsesseees 


No. 
Cleveland No. i e 


® 99 2 secccccceree 





” eccccccceces 
” 7 & orge, 

Other QUBCS .....0000008 
Welsh (South Wales) .., 
» (North Wales) .., 


omnes ae 
Gartsherrie coscescceccscceces 


Govan, at Broomielaw.., 
Calder, at Port Dundas... 
Giengarnock, at Ar. 


Eglinton, ditto .......0000. 
Dalmeilington, ditto...... 
Oarron, at Grangemouth 
Ditto, specially selected 
Shotts, Bt LAID crcccecceeee 
Kinneil, at Bo’ness........, 














(The above all dsiverabe uo ti 


t00 -eeeneeeereeees 0 


} a Norte Sia Staffordshire ,,,... 
Torkshire Thornaby pig. 
Ridsdale Nos, land 2 .,, 


Iaon, Wrovest— 
Oleveland angles.,,.......0. 


” DEALS  ersseesenes 
bars. 


. plates... 
mt rails perros - 


e ship plates...... 





nai 
Staffordshire bars rere) 


la eeteee 

” HOT sroces 
yee eevee 

We'sh rails 8.W. oo 


boiler plates, 5.W 
» hoops, S.W. se 


“got Baglin pi Pi oath 


Spanish 
Sheet ... 
PuoseHor Baonzs— 

(POT CWE.) ...cererereneeeres 
QUICKSILV 8a (per bottle) 
Sorap (per ton) — 

Old rails for re-mana- 

LACEUTO 2... .ccrcrceereerseeee 
Spsg_rTer (per ton)— 

Silesian, ordinary ......... 
8S °1kG SLEISEN (per ton, — 
Bes! 





QOUMION .-.sceccssecseescesee 
STSRL (per ton)— 

Bost cast ......... aeeececeeees 

+ double shear .,........ 





flan ........ 
Bessemer rails. reed seeseeeee 
” SYTOD ....cossereeees 
pe BX1OB noc .cccceeee 


DUOtB .., roseeees 


ye ORD ... rsceeee 


Stree. Castings (per cwt)-- 


Hydraulic cylinders in 
the rough not to ex- 
coed 6 ft. in length, 

BOO ....e0eseceeees 


errr iy 


Holders-ap for ri 
machines, ac., 1§ to 


We Ree eee ee eeeeecenseeeee 


eof cocoes 





eeoocoec oe oo 
eeccooooeocso 


Seesen eoooooceocsccont 
econ omoe aocdooe & 


ol 
» Qua FF 


- 
Se AHO #§ Sew OW OME HOD 


Mo on wo @ Ow oO Cnseunah S335 


eucesco 
-- 
@nececcoodce 


exce o88SSRE 
oo 


2S SF 
coor 
‘eoon 


SS her 


8 
5 4 
° 


PRICH LIST 





STEEL CASTINGS -Continued 8. 4. 
Side cranks, cross heads, 
crane wheels, engine 
slides, &c..... 4 0 
Tumbler bars and. ‘other 
castings for dredging 
PULPOSES .,,.ceccecseceeree 20 © 
Swepish IR0n (F.0.b.) at 
Gottenburg — 


£ 
et ee | 
9 
2 


Bar rolled. 200 sateen cee cessanees 





Tx (per — 
BIS occ secerssvessversern 63 10 














Pullin as aad 65 19 
Bates ....0.00000 68 0 
English. ingots ., 67 © 
English bars..... 69 © 
English refined.,,,.....00.. 72 © 
Australian os 63 1 
Tin PLATES (per box) -- a 64, 
LO, charcoal 22 
ee a9 «8 
10. a 1 ° 
EE. ie: ‘ete 6 2 
ZUNC (per ton)— £6 
Sheets, English .......... 23 9° 
WRB, Fencing ...-02..000008 1s 


” "Telegraph (galvan'sd) 16 10 


COALS AND mera 














OOALS (per ton)— d. 
Barrow > ° 
9 © 
8 @ 
CABDITO 2. ccrcsrssreeree 8 © 
NewcastleandDurham... 8 6 
Bcotch 1 ° 
Staffordshire 8 6 
WORE. csccccccsccctescsserecen .  O 
Yor escccncccccscscccccss SO 
OoxEe— 


Cleveland ..ccccrccccsrsrseeres 9 © 
DUrbaM.ccccccrccsssercsseneee 20 © 


OILS, ee meg way 4% 























OLLs (per tun) ... 8. 
Seal, brown ° 
» pale... ° 
Sperm head ° 
hale, pale. ° 
» Yellow ° 
» drown... ° 
a 
PsTRoLeum— s. d. 
Fine (per pane erescecee 9 10 
19 SPETI......cccccscercsecee 9 7 
Pirce rowt)— 
Se 8 0 
are 8 °@ 
PLomBago (per cwt.)— 
Ceylon lamp eveccocecccoess 908 6 
» chips ... i 
se ARTE eccccrcscccccccn 9 8 
Raltwar Gaease (per 
CWt.)—R0se'S ..eccc000e 28 6 
Pritchard, Offer and Co.’s 
trated 5° °@ 
Resix (per cwt.)— 
AMETICAD .,...00000rsseerer § 0 
TALLOW (per cwt.) 
+ AMOTICAD cesccrssssssees $9 6 
8. American beef . 39 © 
sheep... - © © 
Australian beef .....cs.s. 38 «6 
— eccccccee GEO 
St. Petersburg, ¥.0. 6 
English, town ...... ° 
Rough, English ........... 13 © 
Tarx—Stockholm (perbarl.) 20 6 
Archangel 166 «66 
wo 
American (casks) ........ 23 9 
WIPINGS, ongine (percwt, 20 o 


CHEMICALS, &c, 
ACIps— s @ 








Aquafortis (per Ib.) ..... 0 48 
Sulphuric acid (per 1b.) o ‘j 
Sulpharic acid, brown.,, o © 
Ammonia — Muriate (per £ 4, 
BOM)...ccocscccerccccesee secccsse 99 © 
ARSENIO— 8. d. 
White,lump (perewt.)... 24 © 
Powdered (percwt.) .. 1% © 
BLEACHING powder percwt. 6 o 
Borax—refined (percwt.) 36 o 
BRIMSTONB (per ton)— 2s 
Rough $ 10 
ir 
9 ° 
POD). .rrcrecsersserrseeeeee $0 © 
Corpréra — Suiphate a «a 
CWE.) cccccccccccccescorecceses 39 6 


L&AD, SaLTs, &c., (per cwt.) 
Acetate, ceecesccecescee 
WT wp cnn ceececcceees 


ot eveeesecescceceocss cocece 


eae eeceeeeee =... 


RS8ER 
eacce 


= cesctaias 

eee (per 
scecsececsescccsescsccccncs © ¢ 

SALTPSTRE (per cwt. 

English renned. wow 2.8 
es ala co 3 
ID wecccescoccessevcccescce SE = 6 
Sopa y eccccteeccsteccess 38 6 
cvccccsecceseeess. £9 10 





Petersburg ceaerene Me a 


Wyburg 
Pete white 
Onristiane oie © a 


eooF 


- 
wmeocoo ou 


- 


cou? coco 


ar 
New. Brunswick spruce. 8 0 
Ditto battens . 
N.8. & P. E, Isle spruce 7 10 
U, 8. pitch pine ..........12 0 
AMERIOAN Trknen— (per load) 
(mixed and 


ding) ... 
Do. for yards ‘aud spars 
Yellow pine, large ....... 
— waney board ...... 


eooeoe ooo 


— one. hatied 
Do. Dor Uaieed Sta 
El 


Po eer tied 





eo oaoeoecooceo ke 





TIMBER, DEALS, &c. 
LONDON, 
(Per Petersburg standard) £ 8. 


list yellow...... 19 © 
Zn 4p everee 13 10 


cetcspensceseccces mm § 


sorts, yell.and white... 13 § © 
— deals, other 

cossccscecescesesccssens BS @ @ 

650 

Swedish deals mixed .,..14 0 © 

Swedish deals 3rd ......... 13 9 © 
Swedish deals, inferior 

csereecse*tteseseeeee 19.0 © 


Finland deals ........00001 10 0 © 
batte: ° 


IAB scecseree Q § 


AmMBERBIOAN DEALS— 
Quebec Ist bright pine... 16 o © 
” 2nd » co 


» ard oe 7 US 
Floated pine 40s., 20s,, ana 10s., less 
2nd, and 3rd, ‘respectively. 
Canadian spruce, 1st...... to ° 


” woo 8 © 
rd we 7 0 


neecines 9 80 


eecoooco 


ecccceeccs § 20 


eer eeeeececcescee 






seeeee ceecees, 


war Cuveune 
“ 
an 
Seoocoeococeo® 


Do. N. Bruaswick and 





corcetecesecsoecse 3 30 @ 
Do. small average .. 250 
Masts, red pine .. - 410 0 
Oregon ..... 9 $0 
Kawnie,, 8 0 © 
COOK ....cerceversseee 19 0 © 
G n- 
BEATE ..eccccrrressersseree 8 8 0 
Australianironbark ...... 6 0 © 
BALTIc TIMBER (per load) 
Bige OF cseccesesssererseesseees § 10 O 
Dantzicand Memelcrown 4 o o 
it mai oa 0:90 © 
and 2nd........ § 0 © 
common mid- 
GUNZ....ccccecceee 219 0 
dersized ....., 2 5 © 
6 
° 
° 
Ul ,.. cosceeccesee $ 0 


sma’ 
and Norway 


i bid & 


FLOORING Boars (per sq. 
of 1 in.)— 
First FOLLOW srweooeree nate 0 266 


hite . 
Second qualities saeteeeeeees 2 
The above prices “at “che Docks. “ 






LIVERPOOL. 





ance ™ oF gxmp 


of 





“eoce 2 eesoaem 





foot string measure) £a. 4. 
Quebec yellow — a @8S§ 
Wane: erg 
St John's, N. WB. 18 in ° 20 
Miramichi and’ British 
ccccccesccstecccecsce © EF I 
° I 
ere 
ors 
ors 
or 6 
. e2s 
coors erg 
Walnut, Canadian and 
inited States ........... 9° 3 9 
Birch, St. John’s, &c.N.B, eo 8: $ 
sescessecsesess O@ EF § 
ova Scotia and 
Edward Island o 1 o 
DEALS AND BATTENS (per 
Petersburg standard) 
Quebec yellow pine, ist... 17 o © 
Quebec yellow pine, 2nd 13 o o 
” ” » wd 8 oo 
St. Jobn, Bangor, 4c, 
ssscccccesssstsresvees 8 § @ 
fo} 
° 
° 
QED.) ccrnrecnsceszerceszennse ° 





IBS, AND AFRICA. 


(Per cubic foot, string 
measure) £ 8.4. 
Pitch pine,hewn ....... 0 2 3¢ 
or 3 


BB WD. .ccce see eee 


OO aq ®man 
~ 


eccoeocoo 


nAee “AuUMwseeuumns 


4 °«0 
14 10 


for is 


15 
13 
1 


WHOLESALE Prices OF TIMBER, DEALs, &C. 
From Baits NokTs AMEBIOA. 

Pings TimBer (per cubic 

£8, 


aot 


> wveeun a 


$ eo 
From =e = EAST AND Wast 


ecoccoe “eco 


eeon oo 


ww = & eon 


we DAD COON ee ww 


oO 


uot 





OF MATHRIALS. 





Tuurspay, Marca 21, 1878. 


Pitch pine planks .....0008 
Onited States oak logs ... 


& ®. 


ge load calli — measure) 


——— East Indian 
Demerara Morrs....... weed 
Bullet tree (per foot)....., 


FRoM THE BALTIO, £0. 


os ft. string measure) 
Fir timber, Riga red ...... 
Fir timber, Dantzic and 


Meme! Crown .02..0.22:+. 
— ditto, other 
Be — 
| EES 
Wainsoor (Logs calliper 
measure) 





Riga, &c., crown... 
Ditto DT Aack ..e.ceccoressoeees 
Oak timber, Dantzic 
(string measure) ....., 
Pit props per lineal yard 
DEALS, &c.— 
= Petersburg ego | 
wood, Archangel, ap 
Onega, | 








pas N OFWY..-.cecce 
e Ditto white ... 


(per ld.) 10 10 


oo 
ov +o 


16 10 
43 0 


. If 10 
. 9 19 


Ir 190 


MAHOGANY, &c. (per foot 1 in.) 
City St. Domingo .,,......, 
QERB cercccccccccceere: 





Uedar, Havana, &. «1.0.0.4. 


Sleepers, Hackmatack, each 


9x10x5 
” F ine ” 
“ Hemlock ,, 
@ Ds ccseeseansoneeens 


HULL, 
(Per load). 


Memel crown fir timber ... 
d 










pos ash . 
St. John’s birch .,, 
Pitch pino, hewn 
sawn 


eee oooo 


~~ - 
“seem aser OOO On 


Pei ¥) 
Gocdsen. and Unegared.., 19 10 
» Pet. red3xll&3x¥ 19 o 


” ” white 
Wyburg red.... 


Gefie and‘ aS mixed 16 10 


Baltic 1st red flooring bds. 





14 0 


DittO WIC ..rcccccsccecceseeeee IL O 


Charge for labour 2s. per standard for deals, 


orvan coco woop 


O’eoem wmunow Seeo0 


aococoo0n 


Ceof®co0eoecoeoo Mun doe 


£ 


oO oon 


we Rweewo 


and 1s. 6d. per load for timber. 
WEST HARTLEPOOL. 


(Per cubic foot ) 
Dantzic good middling fir.., 
Ditto common middling fir 
Sundowall fF .......ccccccesees 

(Per Petersburg standard) - 


Gefle Ist red deals ............ 16 © 





» 22d wy 10 

» od iy 2 

» 4th seseeeseeres 9 10 
Bo unsorted white deals 

weccesccecccccoccoccs FO © 

Tunadai Ist red deals ...... 15 10 





ty DEREOTS.....ecerrreeee 14 10 


3rd red deals 
» battens ...... 
» 4th red deals..,.., 





Gottenburg érd red ba: battens 10 13 
Petersburg ist red deals... 17 © 


Quebec Ist pine 3in. x 7in 


and upWards,,,....cccecceee 12 7 
Ditto, ditto, Qn . « 1§ 10 
Ditto, ditto, BEA scoccccccccccee 10 § 





Charge for labour Qs. per standard for deals, 


= 


eon Oa0o0ccon0c0d 


- 
=CGoao ond 


eco 


and 1s. 6d. per load for timber. 
WISBEAOH. 


(Per Petersburg standard.) 
Gefle lst red deals .......,, 1 


» 2nd oe evcceccce EZ 


<a | be eapeesese 
Petersburg Ist red battens 1 


Tunadal 2nd red deals ... 13 15 


oo oe.» wit 8 


ttens .., 1 
Wyburg 1st sosel = - ecesee 3 
me ose 


” atheesauste end 
b 1 
Wyburg 2nd red boards ... 1 





5 
Free on railway trucks. 


1 
1 


-~- ot = 


ot 


em @00o00000R0 
~ 
on woo 


w*ooo~ 


= 
“onoo 


eeceeccce 


co “oom 


6a 
1 
a 


- wooo 
oa oooo aS 


on | 
Hwune 


ov “Oo 
ee co 


w2as 
~ 
-_ ° 


2 reea 
eooo 


@Seowom ooocsccd 


& 
? 


- 
° 
ecco 


eecococooceo 


fF eoso 
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THE PENNSYLVANIA RAILROAD. 
No. LXY. 


Tue annual report of the Pennsylvania Railroad 
Company for 1877, which has just been issued, 
shows that the > agen of trade which has so 
long affected all the conveying companies in the 
United States, has not spared the Pennsylvania 
Railroad, while its business has been further 
interfered with by the great railway strikes of last 
summer. We will conclude this series of articles by 


Exhibition grounds, and suitable offices were erected 
there. A special service corps selected from the 
railroad employés was also organised. The re- 
| ception of building material at the grounds, which 
| had commenced in 1875, steadily increased up to the 
| date of opening the Exhibition, and by the pe | 
| of May, 1876, 16,039 cars loaded with building an 
other materials had been unloaded on the grounds 
by the Pennsylvania Railroad Company. Up to the 
| beginning of 1876, but little business was done in 





exhibits, only sixteen loaded cars having been 


sylvania Railroad ceased as soon as this Agency took 
charge of the cars, Much dissatisfaction was felt 
by the exhibitors at the inadequate force and system 
ofthe Agency and the Commissioners, and the active 
services of the railroad staff were n the day 
before the opening (May 9th). On May 10th the 
Centennial station received 56 trains, containing 
8679 passengers, and despatched 58 trains contain- 
ing 10,459 persons ‘The traffic from May to 
August fell considerably below what had been antici- 
pated, but in September it began to increase largely, 


> ~ ed 


= 
, Sm Ay 


be 


“e 
% 





SAW MILL ON THE CONEMAUGH. 





an analysis of this report, and a few remarks on the 
management of the extra traffic created by the Cen- 
tennial Exhibition. So far as the actual tonnage is 
concerned the work done in 1876 was less than last 
year, but the number of passengers was about 
5,000,000 in excess, nearly all of whom were con- 
veyed to Fairmount Park, where a station of large 
dimensions and of considerable architectural ap- 
pearance had been constructed by Mr. Joseph M. 
Wilson, ~~ about half, however, of this excess 
made use of the Centennial depét, the remainder 
arriving in Philadelphia by the new West Phila- 
delphia Station, also designed and constructed for the 
ey by Mr. Wilson, and already illustrated and 

escribed in this journal (see ENGINEERING, vol. xxiii,, 
page 186). New lines were laid down towards the 
close of 1875 between West Philadelphia and the 


MUNCY MOUNTAIN, NEAR BELLEFONTE, PENNSYLVANIA. 


received, nearly all of which consisted of the great 
Corliss engine, which furnished motive power to the 
Machinery Hall. On the lst of February, 1876, 
an extensive freight agency for the receipt of goods 
was established at Fairmount Park, but it had little 
to do before the beginning of March. In April, 1759 
car loads of exhibits were received, and in May 903 
cars. Goods poured in Mag ie the Exhibition was 
opened, and by the end of June a total of 3475 cars 
had been received. Before being despatched to the 
Exhibition grounds, the cars were all classified on 
the sidings at the West Philadelphia depét,. When 


on the ground the cars were placed opposite their 
respective buildings, and moved to the places 
assigned by an organisation under the control of 
the Centennial Commission, and known as the 
Terminal Agency. The responsibility of the Penn- 








and continued to increase until the closing of the 
Exhibition, the maximum being reached in October 
and the a Oe days of tape ones the 
greatest number o en in the traffic his 

of the United Snutalr sonceatestod in one point, hed 
to be provided for. The business done by the Penn- 
a Railroad on certain special days was as 
ollows : 














Byes Number of | Number of 
New Jersey Da; ove 158 27,107 
New York Da: 3 ; 173 82,361 
Pennsylvania Day gg Sw 194 68,347 
Maryland and Delaware Day... 245 55,768 























234 





ENGINEERING. 








[Marcu 29, 1878. 





On the last-named day, although the number of 

gers was not the highest, the number of 

s reached a maximum, and between the hours 

of 4.20 p.m, and 6 P.M. on that day, 17,465 passengers 
were despatched. 

The annexed statement shows the amount of 
passenger business done by the Pennsylvania Rail- 
road Company at the Centennial station between 
the 10th of May and the 10th of November, both 
inclusive. 

Total number of trains eve 22,372 

* 19 CATS ass a9 “ 4 4 

‘ 0 ne. 08 1,819,516 

on’ average on ose oe 

Daily ~ ¥ col ae sol 16,533 
_ movement is Gediasives of that at wwe ig 
the com ‘s stations, managing c, 
thoveenniinann. at “oat ns 930 of the day, from 
the tower of the train controller made on the grounds, 
nine Sulestaree Spee Solan , each 
ulé time, and at the rate of 10:miles 
red & of the station showing 
on page 452: of our 
Ninety per cent. of the 


traffic was: 
urs AMand 1) a..m,-and 4 p.m. and 7 P.M. 
whole of the traffic was performed without any 


to asi passenger, Between the 10th of 
May sea thallgeh ot Nove pb ara nbgon 
or passen were : ‘company, 
The-capac wot be West Philadelphia depét was 
mor “taxed than*that of the Centennial 
station; owing to the fact that most ofthe | ; 
was sent toand-checked from the former depét, 


were occasion- 


ally’ . The fo - figutee: give an 
idea of the ‘amount of. in the 
General Baggage. Centennial 


unds. Between the 10th of May.and the. 
November, 36,732 ‘were received at the station, 
and 55,658 were forwarded, or a total of 91,370 
sory handled. During the same period at the 

est Philadelphia depét, 239,874 pieces were re- 
ceived, and 259,293 pieces forwarded, or a total of 
499,167 pieces. Including the other termini of the 
railroad in Philadelphia a grand total of 730,486 
pieces was reached. Of this number 26 pieces 
were reported lost, the claims for which were 1907 
dollars, or 300/. The greatest number of pieces 
handled in any day was on the:4th of September 
at the West Philadelphia stationjand reached 3426 
pieces, 

Turning now to the report of the company for 
the past year, we find that it denle with three 
main divisions, which have now the following 


— ' sehamachinery, piers, shops, station, and warehouse j falling off of 
Length. ry, pier ) P 
= miles, *tijérom the Empire tion Company, and 
1. Pennsylvania Division and branches, ‘ed of the cost of a track br ft. in 
cast of Pittsbargh 4055 over the Susquehanna at «= Thee 


2. The United Railroads of New Jersey 
and branches ond ta ese 

The Delaware and RaritanCanal _... ' 6 
3. The Philadelphia and Erie Railroad ./ +! 


| —_—— 
Total miles.. ° one ; ig y78z. ye 


| Delaware Bridge - 


TABLE No. CVII.—SratTement or INcoME AND EXPENDITURE FOR 1877 ON THE PENNSYLVANIA 
LROAD. 
































PENNSYLVANIA RAILROAD | UNITED RAILROADS OF PHILADELPHIA AND 
Division. New Jersty Drvision. Erre Drvision. 
dols. dols. dols 
EARNINGS. 
From general freights __... ..|14,642,109.01 $,868,582.82 2,638,697.55 
»» miscellaneous freights a 77,286.51 148,669.14 77,038.01 
», first-class passengers .| 8,239,415.76 3,653,571.06 371,153.44 
»» emigrant passengers 143,857.57 30,822.50 1,409.12 
>» @Xpress... ‘ai ef 313,118.43 215,706.68 36,694.94 
», United States mails... ..| 914,716.64 116,629.44 30,205.09 
»» miscellaneous passengers ... 69,358.72 30,145.94 17,794.55 
» rents ... “e x ...| 183,593.61 online 
», Delaware and Rafitan Canal “i 896,569.65 
P — 18,983,456.25 _——————"8)960, 697.23) ——_- ——--. 3, 172,992.70 
EXPENSES. 
Conducting +++| 4,189,253.99 “its , 
Motive power ©)... &,.. ...| 3,098,317.06 a ih. 562,740.27 Li 
Maintenance of eae 090%.. ..|_ 988,525.52 (5 on 80's aw 
” way)" ~* oe 2,385,486 .28 Parra .20 566,945.57 » Py 
Canal expenses alae eee e ; eee whe 477, le . 
General expenseg: «4... «| 345,555.79 vis 6 76 . 
Total expenses... ... a - 10,751,138.64. ti 6,297,701 .26}—-+-__—. 8.649,627.44 
L - —_— 
og . -7 $3,280,817.61" | 2,732 hg. 188,965 
feo esd es ‘ \ 97 t Sia 
Ada interest from} investments.and ni ae eee 
securities, - interest from arnt! = be ce 
branch lines for equipment 2 ae $2,511,582.25 221,525 
‘Total earnings ... = sift ™ B10,'748,899.86 2,954,58186 of cagek’ 
aun rentals. paid branch roads,| aN aigul i ciest toe Abe Hack in 3 BY aid visteridee 
pi vate. and other payments ' aS ee ed a “ye $4,679,971.30° Pr fe 4,437,089. oO, Petey (289,189, 90 
~ ind ; ee oe : eo v7 : a Biss x 


Net income; Pennsylvania Divis- 





sah Qh eee Oj068,928.56 p.- Doss 1,488,518 

















sion and Cp B98 $88 175.46 
TaBLE C¥IIL«Conereuction awn Rea erage Expivprtvie pok 1877." aS 
CONSTRUCTION. Reha £ £ 
Pennsylvania Railroad ose 763,208.78 “7 152,641 
United Railroads of New Jersey 84,695.20 ae 16,939 
: ———| 847,903.98 169,580 
For equipment ... eee 75,489.67 | 15,097 
Reat Estate. | 
Pennsylvania Railroad se 141,252.16 ens || 28,251 
United Railroads of New Jersey 77,688.16 ae | 15,587 
i ———-|_ 218,940.32 |——-———_-|_ 43,788 
Extension and new work on branches 184,644.11 | eve 36, 
Total ... ‘a 1,826,978.08 ~ 265,393 














om cost of Cis seecate nen ee 
about 65,800/.. This work was completed e 
: between Ju DNind 
December ‘1, any Z traffic. 

ings of the line ein 1876 were 


The gross earnings 
Table CVII. shows the generabintome|andvex- /51,986: dolss (10,3 js and ini1877 they were 


pense account for these three divisions, 
ear. 








This Table shows that the relation of total earn- 
ings to expenses stands thus: v 
sa Earnings. Expenses. 
Br 2 
1. Pennsylvania Division +»| 4,299,007 3,086,221 
2. United Railroads of New 
owl oe oan «| 1,836,444 2,132,948 
3. Philadelphia and Erie Di-| 
vision on ons ss) 634,598 457,763 
Total... | 6,770,049. | 5,676,932 








Apart from the Philadelphia and Erie, the whole 
of the earnings on which were devoted to the pay- 
ment of rental, the net proceeds amoun to 
4,581,410 dols. (916,282/.), outof which twodividends, 
one of 2 per cent, and one of 1 - cent., were paid, 
together with the State tax of 33,124/., leaving a 
credit to profit and loss of nearly 200,000/. 

The amount expended on construction and real 
estate during the year was as given in Table 
CVIIIL. 


the} 46,773 dols: (935 44. 


Railroad an 


 Omythe E 
JIne"2876, there. 
6,926,016 and in. 


averagesdistance travelled onomnen 
1876 was 41.6 miles, and in 1877 it was 27.9 miles, 


showing a decrease of 13.7 miles. The number of 
tons of freight carried in 1876 was 10,600,547. 
In 1877 it was 10,438,394 tons, including 700,099 
tons of fuel and other material for the company’s 
use. Of coal 4,953,892 totis, included in the gross 
amount, were rted. This result shows a 
decrease of 162,153 tons, or 1.53 per cent., but the 
increase of the coal tonnage was 115,996. The 
actual cost of operating the main line in 1877, ex- 
elusive of branches, was 55.47 per cent. of the 
receipts, and including branches 56.63 per cent. In 
1876, the cost of working, excluding branches, was 
58.70 per cent., and including them 59.90 percent. 
The cost of working the United Railroads of New 
Jersey, including branches, and the Delaware and 
Raritan Canal in 1877, was 69.5 per cent., and in 
1876 it was 58.8 per cent, The cost for working 


this line, including branches, but excluding the 





This amount includes the cost of completing the 
West Philadelphia station, the purchase of the 





canal, was 71.3 per cent. in 1877, and in 1876 it 
was 56.9, the difference being due to the great 


passengers. /eonveyed, + 
number fell or aoe a: of}. 
1,796,085. 4 i or 
entirely enttee fea. don i ih 


ngers. The cost of working the 











poeware and Raritan Canal was 53.25 per cent. in 
1877.;.in 1876, it was 59.40 per cent. Table CIX. 
‘shows: the number of tons transported on the 
system in 1876 and 1877. 
Tania, No.,OEKi—Number of Tons carried on the 
- »Pennsylvania Railroad System for 1876 and 1877. 

OT Lay eee 2808, | 1876. Increase. |Decrease. 

“line ‘and . 
Ont ha %..| 97798295 | 9,922,911 -* 184,616 
ry 4s pa 

an Jeter, Raeas23 | 3,012,972 | 49,551 

O, vinsperaiaad 2,681,450 | 2,517,470 | 163,980 

ire. and 
: “Sp 9,023,443 | 1,897,708 | 125,735 
Total v 6408,711 18 961,081 senses 184,616 

















Table CX. shows the ton mileage for the same 
periods, 


Taste No. CX.—Ton Mileage on the Pennsylvania 
System for 1877 and 1876. 




















— 1877. 1876. Increase, ‘Decrease. 
"ena laps 798,198 |1,629,742,021 \ 943,823 
i.e «»«{1, 494,798,198 |1,629,742, ia ‘ 
of New Jersey 256,134,099| 251,606,474} 4,527,625 
Bi: .«.| 385,727,141} 340,890,703 > 4,663,562 
Delaware and 
Canal ,..| 93,800,450| 87,814,452} 5,985,992 | 
Total... —«..|2,1 888 '2,309,553,650|10,513,617 189,607,385 
Net decrease... ¥ we iy oi sages 2:99,008,768 








Table CXI. shows the cost of mere ton one 
mile on the system, and the earnings therefrom : 
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TaBLE No. CXI.—Cost and Revenue per Ton per Mile. 














= ily 

3 F FI ' 

> 

rm 4iaei2 | 3 

PE: ¥e | 4g a 

5A Bs BS Pa 

Length of railroad (miles) 1055) 373 | 288 | 1716 
Average earning per ton carried 

per mile (mil eT 980} 1510 | 786 | 1013 
Average cost 0 nsporting 

pee ton one mile (mills) ...| 552) 1159 | 483) 615 
Average profit per ton per 

mile (mills) aid oe ...| 4281 851 | 303} 399 














Theat passen statistics are summarised in 

Tables OXM.j CML, and CXIV. bora 

Taupe No. ORE, Pipencer Traffic on the Pennsylwania 
= < : (ute ‘ystem « ; 





























wo 1877. |- 1876. | Decréase. 
Mati Yine'and branches! '6y129;081 | 6,926,016 | 1,796,085 | 
ited Railroads off “|. |. 
New Jersey... _...| 7,384,785 110,745,790 | 3,361,065 
Philadelphia and Erie 493,176 |~ 691,561 | 198,385 

‘Total .--/18,007,832 18,368,867 5,355,535 
TapneNo. CXIII.—Passenger ‘Mileéaye On the Pennsyl. 

is vania Byitens. 

j — 1877. 1876. Decrease. 
Main line and branches ...| 143,153,521 | 288,312,089 | 145,158,568 
bi, jaa Railroads of New J 

vee aae_ aas{_ 148,182,968"] 812,471,059 | 169,388,091 
Philaddlphia and Erie 12,466,241 | 22,425,613 | 9,959,372 
OP tal .| 298,752,780 | 623,208,761 | 324,456,031 














Tapir No. CXIV.—Earnings:and Oost per Passenger. 














}and no effort has been made to produce the t 














| 
3 >|? 
3 13 | 3 
ez|g5\3 |% 
stia & ag 
— Raleb\2 ? 
32 gs | 45 
3 Ss Ba | 52 
wv Pu a 
Length of road (miles) ... oes «| 1055 | 373 | 288) 1716 
Average earnings from each passenger 
per mile (cents)... one ose «| 2.863 | 2.225 | 2.989) 2.323 
Average cost of transporting one pas- 
senger one mile (cents) eee ess} 1.751] 1.670) 3.444] 1.784 
Average profit per passenger per | 
mile (cents) .,, ee eee es} +612) 555 .455| 589 





The volume of east-bound freight was more than 
double that to the west, though there was a decrease 
in the former of 22.93 per cent. The decrease in 
through tonnage was due partly to the bad harvest 
of 1876, and partly to the strike of last July, which 
stopped the whole of the traffic for ten days. 





AMERICAN IRON AND STEEL WORKS. 
By A. L, Houiey and Lenox Smita. 
No. XIX, 
THe DIAMOND FURNACE.—FERRO-MANGANESE 
MANUFACTURE IN THE UNITED STATES, 

THE north-western counties of the State of 
Georgia contain numerous and extensive deposits 
of good brown hematite ore, abundant timber for 
making charcoal, and ample water power afforded 
by the various rivers which traverse region im- 
mediately adjacent to the ore deposits, This in- 
viting field became the seat of iron manufacture 
some twenty-five years since, and was considerably 
developed at the breaking out of the late eivil-war, 


during which the works were almost completely’ 


demolished. During the year 1873, extensive de- 
posits of manganese having been identified in con- 
nexion with the iron ores, the interest in the region 
revived, The manganese ores occur in botryoidal 
form, varying from the size of a pin’s head to masses 
of fifty tons and upward, the whole being imbedded 
in the alluyium and soft decomposed. states com- 
posing the belt in which they are found. ‘The oc- 
currence of the ores in respect of locality is irre- 
gular, and in many places they are found in yery 
small quantity, the ger deposits being few. In 
some instances hills are found oné-twentieth of which 
is Manganese orés, ‘and in irfegularly located 

gations, ‘their’ occurrence is more abundant, 

massive oré ‘is chiefly found in two deposits, one 
of which, kniowh as the Moccasin Bank, is comprised 


in the Diamond Furnace: property, and has been 
worked to a larger extent, perhaps, than any.in the 
region, a large quantity of ore having been: taken 
out, averaging about: 40. per cent. manganese. 
The working is an apn at, the thickness of the 
deposit being from 3 ft: to 10 ft., and little’ or no 
blasting has-been required. The stratum has ‘thus 
far been continuous, showing no signs of diminution, 
and the gate of man ores in this region, 
notwithstanding the i ity of their occurrence, 
is very large. e composition of the ores is some- 
what varied, many of them, although otherwise 
suitable for smelting, being too silicious for econo- 
mical working, while the phosphorus in others is in 
such excess as to render the metal unmarketable. 
The ores contain from 20 to 60 per cent. manganese, 


” ” 5 to 40 ” silica, 

” ” 25 to 30_ ” iron, 

” ” 0.15 to2 00 ” phosphorus, 
and are all free from silphur. 


The Diamond Furnace; which shad been for some 
years out of blast, is.situated on the Etowah: river, 
in the Bartow County, and was’ put" in ion 
with a view of ‘making’ sleisén}'* The’ trial re- 
‘milted in the pe 0 autuinin of 1875, of 
a grey iron containing from 4 to 5 per cent. of man 

nese. The burden of the furnace was then lightened by 
adding more limestone and alumina, which produced 
an alloy containing 37 per cent. of metallic manga- 
nese, and in January, 1876, the proportion of mba 
manganese in the alloy reached 55 od cent, ; The 
Diamond Furnace since that time has beem kept 
running to fill orders from the various steel works, 


alloy attainable, although a considerable quantity of 
metal was made which contained over 60 pen gent. 
metallic manganese, the usual proportion being about 
‘63 cent. 

_ The metal produced in the trials above desétibed 
is believed to be the first ferro-manganese mad@in 
the. United States. be) 

; ‘The construction of the Diamond Furnace presents 
no points worthy Of especial notice other thana 
somewhat peculiar arrangement of the hearth to 
facilitate the reduction of so refractory a substance 
as manganite. 

The Viewing engine, however, contains many in- 
teresting features. It has been running continuously 
for a year at about 100 revolutions per minute, no 
stoppage having been necessary for repairing the 
blowing ae valves or other parts. ‘The engine 
was built by the Weimer Machine Works, Lebanon, 
Pennsylvania, and is of the same t as that 
described in ENGINEERING, October 6th, 1876, the 
illustrations of which were taken from drawings of 
the engine at the Philadelphia Exhibition. The 
elements of success in blowing engines are by no 
means solely comprised in perfection of valve gear, 
since the speed of the air — should be low, while 
that of the steam piston should be high, Attempts 
have been made to attain high piston speed by 
using mechanically moved valves for the admission 
and discharge of air, but it was found impossible 
to get valves sufficiently large to ocsompiieh the 
pur The geared engine is discarded by many 
engineers, because it transmits the power from 
piston to wheel and from wheel Sack to piston, 
which is attended by other evils. The air admission 
valves should have but little motion, be of small 
area and of elastic material, and the discharge valves 
must. possess all the qualities of receiving valves. 
A larger area of admission is required than can be 
attained in ‘a flat cylinder head, and the entire area 
‘of the cylinder is required for the admission 
valve, while the discharge valves must be otherwise 
provided for. The air piston should be strong, light, 
and so as to expel as nearly as practicable 
all the air in the er, while the packing should 
be self-acting and li ‘offering but little frictional 
resistance, 

These conditions have been met in the type of 
blowing ine referred to, by making the valves 
of an elastic material in the form of a gridiron, 
and giving them hut ths of an inch motion; by 
making a cylinder head ‘in the form of sector- 
shaped boxes projecting into’ the ¢ylinder with 
valves on all sides, and’ by providing ani: dunulus 
outside of the cylinder head to contain.the discharge 
valves, nist wissld Quin 

The blowing cylinder of the Diamond«Furnace 
engine has 40 in, diameter and 20 in): stroke, with 
12 in. steam cylinder, and the speed! is froin 75° to 


} 125 revolutions per minute,, In another instance:a 


blowing engine of this type with:b eylinder 





48 in, in diameter, 30 in. stroke, and 14 ins steam 


cylinder, makes 40 to 75 revolutions per minute. A 
similar nae with blowing’ cylinder’ 72 in: in’ dia+’ 
in, stroke, with steam cylinder’86 in. in’ 
diameter, made on trial 78 revolutions per ‘minute; ‘ 
developing early 600 horse power, ‘These’ en ! 
are peculiarly ted to. speed, the air 
forming actshion to arrest the momentum of the 
moving parts. 


THE MANUFACTURE OF GUNPOWDER. 
By James A. C, Hay, M.1.M.E,, and A.1,C.E. 
(Concluded from e 198.) 

Tue PEBBLE-POWDER CHINE. 

Since the pellet powder was first brought into 


use, another description ‘of large-grain ‘ 
called “pebble powder,” has been introduced for 
service with guns of large calibre. ‘ This pebble 


wder is formed of large grains ranging from # in:’ 
a much as 2 in. cubes; and, Hen en Pent this: 





class of powder expeditiously and cheaply, * has 
brou orth another description of machine for 
forming the pebbles by cutting up previously com~ 
one cake into cubes of the required dimensions. 
his is done in the following manner, by’ very’ 
= self-acting machine : ; ' a 
he cake as brought from the press-house ‘is, to’ 
bogie with, of the thickness of ‘the required { 
and this cake the machine has to cut up—fitst, into’ 


long strips of the same width as the thickness of thé 
cake ; oud secondly, to cut these ae trans 
versely ‘into cubes. ‘This is accomp in the 
machine by'means of two pairs of rollers in the 
following manner: The cake is‘ fed into S ata 
placed immediately above’ the first of rollers, 
vided with “k upon’ their 
surfaces, they cut the cake up into long strips. ‘These 
strips fall upon an endless trayélling band, which 
conveys and carries them forward to the second pi 
of rollers,’ “where they are cut * tran ‘ 
cubes. They then‘ drop ‘into “a spout, and are 
delivered into a revolving sifter covered with co 
wire, which conveys the perfect cubes into a number 
of wooden boxes contained in a small -metal 
truck ; but the dust and small pieces through 
the sifter into Other boxes, and are taken” back to 
the press-house and worked up again. 

‘The framing of this machine, Fig. 13 (like most of 
the other machines used in the manufacture of | ie 
powder), is composed entirely of gun-metal, and lias 
the requisite seatings cast upon it for the’ 
of the several brackets and pedestals, which are also 
of gun-metal, as well as the cutting rollers, each 
pair being about 7 in. in diameter, with a number of 
equidistant teeth or knives formed upon their sur- 
faces, cut out of the solid metal. 

These rollers are securely fixed upon wrought-iron 
res bead receive their motion = a ae i 

riving shaft by means of earing. ‘The under- 
side of the bearings of shese Sole ete laned and 
faced so as to slide in their respective brackets. One 
of each pair of bearings is fitted ‘with a spring box 
controlled by a set-screw, by means of which the 
amount of resistance to the opening of the rollers is 
adjusted, Blocks of hard wood are also fitted 
between each pair of bearings to act as » and 
thus determine the minimum distance between thé 
surface of the rollers, and an adjustable gun-metal 
scraper is fitted to each roller for removing the 
mr us powder from its surface, 

skeleton carrying band, made of two leather 
belts fitted with ash cross-bars of a triangular section 
andat about 3 in. apart, is provided. These wooden 
cross-bars are riv with nx (ed rivets to the 
leather belts and to -metal strips upon their 
underside, these strips being of such a form ax to 
serve the purpose of teeth for driving the band. 
This endless band works upon two gun-metal drums ; 
the one is driven by gearing from the. main shaft, 
and the other is fitted in adjustable bearings, which 


and, ‘as these are 


éan ‘be tened by means of a screw 80 as to take 
up ‘any slack inthe band. These drums are made 

th és at’ each end, and have recesses formed 
on their Is to receive the gun-metal projections 
or strips upon the carrying band. 

A sliding’ table made of hard wood and provided 
with four gun-metal oved wheels, which travel 
upon V ,» also 


e of gun-métal, is fitted to 
work! ‘underneath the pied ing baad, and travels 
at the same uniform rate of speed. ‘The top surface 
of this table is covered’ v leather, and made 

y smooth ; a’ reciprocating’motion is given 


toit by of an endless | made of 
} a stud is fitted and 
‘in a brackét 





copper, Pr rape one'‘link of whieh 
works in a gun-metal block that slides‘in a 
fixed upon the underside of the’ table: © A weighted 
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_metal frame is also provided, and so adjusted 

t the underside of it rests upon the upper surface 
of the bars of the carrying band ; the ends of this 
frame are fitted with gun-metal stay-rods, which pro- 
ject and work in slotted brackets connected to the 
machine ; the frame is by this means free to rise if 
the ure from any cause exceeds that of the 
weights by which it is held down. The underside 
of this frame is planed and made perfectly smooth, 
so as to allow the carrying band to work freely 
between its underside and the upperside of the 
sliding table. 

The feeding web — which is made of strong 
Dowlas canvas—is driven by a gun-metal dram 7 in. 
in diameter, the following roller being 1} in. in dia- 
meter ; the top surface of this web is supported by a 
board to prevent its sagging, and, in addition, the 
bearings wherein the shaft of the driving drum 
revolves are provided with slides made adjustable by 
means of screw gearing. 

A revolving sifter is fitted underneath the second 
pair of rollers, and works in bearings bolted to the 
underside of the framing of the machine ; this sifter 
is composed of a number of gun-metal drums keyed 
upon a shaft, and its periphery is covered with 
copper wire, the whole being enclosed in a wooden 

i Underneath the sifter three sliding boxes 
are placed to receive the dust and small pieces 
which pass through the copper wire covering of the 
screen, At theend of the sifter a gun-metal travel- 
ling truck or carriage is provided, with four wheels 
adapted to run upon VY gun-metal rails fixed upon 
the floor; this oo % capable of holding five 
wooden boxes, [each about 18 in. square, into which 
the finished pebbles fall from the end of the sifter 
as it slowly revolves. A wooden hopper of suffi- 
cient width to cover the entire length of the 
rollers is provided for feeding the press-cake into 
the first pair, and a sheet copper casing is fitted 
to the second pair, with a spout at the bottom for 
conveying the pebbles into the sifter. 

All exposed parts, such as the ends of wrought- 
iron shafts, &c., are covered with recessed gun- 
metal washers securely fixed to them, and any 
others which may be made of iron or steel are 
covered with leather. All bearings are fitted with 
suitable lubricators, and channels or pipes for con- 
veniently and efficiently lubricating the rubbing 
surfaces ; and, as it is of the utmost importance that 
no oil or grease be permitted to come in contact 
with the | gat age the bearings of the cutting rollers 
are fitted with sheet copper casings made in halves 
and hinged, so that the upper part can be lifted and 
the ~ ep cleaned.- The — casings at the 
geared end of the rollers are sufficiently large to con-, 
tain the wheels and act as drip-pans, 

‘The pebbles from this machine, as well as the 
pellets from the hydraulic apparatus, are generally 
taken to the glazing barrels, the treatment they there 
receive glazes them and also rounds off the sharp 
corners, thereby rendering them much better adapted 


for transport, storage, &c. 


Tue DENSEMETER. 


1t has already been stated that in order to secure 
@ first-class gunpowder, which is so essential for 
military purposes, it is of the utmost importance 
that the several ingredients should be as pure as 
possible ; this —- secured, it then becomes very 
necessary that the density or specific gravity of the 
powder should at all times be as nearly as possible 
the same, as any variation, however slight, affects 
its quality and force to an immense extent. To 
ascertain its density, therefore, is a matter of con- 
siderable importance, and for this delicate operation 
a very ingenious instrament has been devised called 
a ‘ densemeter ;” it may be described as follows : 

On a small table a kind of barometer is fitted, 
Fig. 14, but instead of the glass tube being closed at 
the upper end and all in one piece, as is usual, it is in 
this case made in two pieces and open at the top. The 
upper part is about 24 in. in le , and is connected 
to the lower—which is 10 in. in length—by means of 
a closely fitting and perfectly air-tighy screwed metal 
joint; the lower part, instead of being a plain 
parallel tube of the same diameter throughout as 
the upper, is made in the form of a globe or bulb, 
and on the neck at each end of it a metal union and 
stop-cock are secured, both of which are made per- 
fectly air-tight. By means of one of these unions 
this glass globe or lower half of the instrument is 
attached to the upper, while the other union, into 
which is screwed an open nozzle or metal tube, dips 
into a cup fastened on the table, the cup being filled 
with mercury, On another table, standing by the 


side of the first one, an ordinary air-pump is fixed, 


with vacuum gauge, &c. 

It will ily be seen, en epee ee par ah 
glass tube of the densemeter be connected with the 
air-pump, and the air be extracted from the glass 
tube whilst the lower tap is closed, a vacuum will be 
formed, and that upon opening the lower tap so as to 
afford a free for the mercury in the cup, it 
will rise and fill the glass globe and upper portion of 
the tube to such a height as will balance the pressure 


of the atmosphere, thus giving a column of merc 
of precisely the same total height as that in an on 
nary barometer. 

ving thus far described the instrument, we will 
now proceed to explain {how it is used. The two 
tables being side by side, the open upper end 
of the glass tube of the densemeter is connected with 
the air-pump by means of a flexible tube, the tap on 
the upper union of the densemeter is opened, but the 





lower one is closed. The air-pump is now set to 
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work, and so soon as the air is all exhausted—this 
being shown by a vacuum attached to the air- 
—— lower tap or the glass tube immediately 

low the globe is opened, and the mercury rushes 
into and up the tube; when it ceases to rise, the 
two metal taps are closed, and the globe part, with 
the mercury contained therein, is removed and care- 
fully weighed. All the mercury is now emptied 
back again into the cup, and the globe nearly filled 
with a known weight of gunpowder, say 100 
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grammes ; it is then reconnected to the upper part 
of the densemeter under the same conditions a5 
before, and the air again exhausted until a vacuum 
is formed. The lower tap is now opened, and the 
mercury allowed to find its way in and rise m 
the tube; it will, however, be clear, although the 
m rises to precisely the same height in 
the globe havngcen tly filed wid gmpore 

e glo’ ing been nearly gup ’ 
there will sow'he much legs mercury in the latter. 
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The two metal taps on the lower portion of the in- 
strument are now closed, and the globe part removed 
and again weighed, but this time with the mercury 
and gunpowder in it; this weight, as well as that 

reviously ascertained when the globe was entirely 

led with mercury only, is recorded, and from these 
two ascertained weights the density of the gunpowder 
can readily be obtained by the following rule: 


gramm 
Suppose the weight of globe when filled ~ 
with mercury to be aes pas oe 
And the weight of globe when filled with 
mercury and gunpowder to be ... ove 


The difference would be ... aay - 700 
and assuming the temperature at the time of making 
the experiment to be 50 deg. Fahr., the specific 
gravity of the mercury would at that temperature be 
13.57. Then, to find the density of the gunpowder 
we have only to multiply the specific gravity of the 
mercury by the weight of the gunpowder placed in 
the globe of the densemeter, and divide by the diffe- 
rence in weight of the globe when filled with 
mercury only and when filled with gunpowder and 
mercury, plus the weight of the powder placed in 
the globe, and the result will show the density of 
the gunpowder under test, thus : 

8.G., specific gravity of the mercury. 

W.G.P., weig t of apeuie in the bulb, 

D.W., difference in weight of globe when filled with 
mercury only, and when filled with gunpowder 
and mercury. 

8.G. W.G.P. 

then 13.57 x 100=1357.00 

and D.W. W.G.P. =1.696, ‘the density of the gun- 
700+100= 800 powder tested. 








THE PARIS EXHIBITION.—No. XIX. 
Tue British SECTION. 

AmonG foreign countries, the place of honour at 
the Paris Exhibition has been set apart for Eng- 
land, her colonies, and her Indianempire. One-half 
the Grand Vestibule facing the Seine, the western 
angle pavillion, and a length of about 650 ft. in the 
foreign industrial hall, and machine galleries, have 
been allotted to her. In the Fine Art Gallery she 
has one hall 111 ft. 6 in. by 82 ft, with two smaller 
rooms annexed, and facing on the Avenue of Inter- 
national Architecture, she has space for the erection 
of five typical facades. In the grounds of the Champ 
de Mars her special annexes for agricultural and 
miscellaneous machinery have lengths of 262 ft. and 
524 ft., and widths of 164 ft. and 65 ft. 6 in. respec- 
tively. A boiler-house, and one or two smaller 
pavilions, complete the space available. 

In the Avenue de Suffren, and adjacent to the 
British space, are situated the offices of the British 
Commission. The Porte Desaix, one of the lateral 
entrances to the Exhibition, is immediately opposite 
the principal offices, located in the fine house be- 
longing to MM, Flaud, well known in France as 
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engineers who have made a specialty of building 
steam fire engines, and whose works adjoin the 
house. MM. Flaud have kindly offered their services 
for repairs, thus placing exceptional advantages at 
the disposal of British exhibitors of machinery. Close 
by, at the corner of the Rue de Desaix, are the 
offices of several of the Colonial Governments. 
By this arrangement the whole of the British and 
Colonial executive is concentrated, and unity of 
action is secured with far less trouble than if the 
various commissions were scattered; and we may 
incidentally mention that the bureau of the United 
States Section is in the same building. 

Another house close by, known as the Mechanics’ 
Hall, and also in the Rue Desaix, has been 
taken through the liberality of noblemen and 
gentlemen members of the Royal Commission, 
and fitted up for the accommodation of the 
workmen attached to the British Section, who 
by this means are not only kept together, and 
close to their work, but they are also provided 
with greater comfort than they could otherwise 
procure, and at a far cheaper rate. Eighty 
workmen are at present thus provided for, and the 
thoughtfulness of the Secretary of the Commission 
has furnished them with a dining-room, in which all 
the men mess together, a billiard room, reading and 
writing room, &c. Close by in the Rue Kleber, 
still another houise belongs to the British Commission 
for the use of the Sappers attached to the Commis- 
sion and the police. The force of the former con- 
sists only of one sergeant and three men, and of the 
latter of three A division men and an inspector. 

At the corner of the Rue Desaix and the Boule- 
vard de Grenelle, a large piece of waste ground has 
been hired by the Commission for the storage of 
empty cases. On this ground three sheds have been 
run up, two about 300 ft. long each, and one 180 ft. ; 
the width of each being some 23 ft, The wooden 
pillars supporting the roofs of these sheds are 
numbered and lettered to correspond with the 
divisions in the Exhibition and the numbers of the 
cases, the latter being placed in their ctive 
bays, so that no confusion can arise when the time 
comes for repacking the goods. 

The organisation of the British Commission is 
peculiar and especially well chosen. For the firat time 
in the history of International Exhibitions, no General 
Commissioner was oe to carry out the work. 
At an early period H.R.H. the Prince of Wales 
announced his intention of acting at once as Execu- 
tive Commissioner and President, and he subse- 

uently nominated as heads of departments, Dr. 
je for general machinery and Mr. Brandreth 
Gibbs for agricultural machinery. The position of 
Secretary was filled by Mr. P. Cunliffe Owen, C.B. 
At the same time a representative and a Royal 
Commission of fifty-four was gazetted, consisting of 

rominent members of the various professions and 
industries, and the counsel and aid of these gentle- 
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men have been invaluable, although they have taken 
no active part in the executive. 

That the Prince of Wales has favoured the Com- 
mission and the country by acting as President and 
Executive Commissioner, is not merely an honour, 
but is of the utmost practical value, since he brings 
to the work a rare ability for organisation and busi- 
ness, and labours hard at his self-imposed task, in 
effect making the Prince subordinate to the Presi- 
dent. But in addition it is an honour positively 
more appreciated in France than in this country, 
that the Heir Apparent has thus identified himself 
with the marvellous monument of French greatness 
and industry. Equally, too, the Indian Empire and 
the Colonies appreciate the honour of petowis 80 
august a leader, andin this Exhibition at least, - 
land will take a part worthy of herself, and of 
France, But: if exhibitors are so fortunate in 
having such a President, they are elso fortunate in 
having such a Secretary. There is no need here to 
speak of the special qualifications Mr. Cunliffe Owen 

ossesses for Sischarging the responsible and onerous 

uties either of Executive Commissioner or—under 
existing circumstances—of Secretary. Fortunately 
he is enabled to work without any of the difficulties 
that pressed upon him at Vienna. 

We may mention here that the amount of the 
Government owe to the British Seetion was 50,000/., 
13,300/. of which was voted up to the 31st of March 
last, and the remainder has been since voted. 

About 1600 exhibitors have received allotments 
of space in the British Section ; the number would 
doubtless have been considerably more, but for the 
unsettled condition of politics about a year ago, and 
for the Eastern war. Lately, indeed, applications 
for space have been very numerous, 0 to the 
more hopeful spirit which followed the actual cessa- 
tion of hostilities ; but it is needless to say that all 
these applications have been necessarily rejected. 
Large as the space is which has been allotted to 
Great Britain, it has been insufficient to accommodate 
the requirements of actual exhibitors, and in the 
majority of cases the space actually awarded is less 
than that which was applied for, There is every 
prospect that the Machinery Hall will be crowded 
with a fine selection of representative exhibits. On 
entering the Machinery Hall from the Grand 
Vestibule, the first object that will meet the eye is 
a locomotive engine exhibited by Messrs. Sharpe, 
Stewart, and Co., of Manchester, while on either side 
is an exhibit of fire engines by Messrs. Shand, 
Mason, and Co. and Messrs. Merryweather respec- 
tively. Beyond, on the right-hand side, will extend 
a long range of wood-working machinery, the most 
conspicuous among which will be Messrs. A. Ran- 
some and Oo., rs. Worssam, and Messrs. 
Robinson, of Rochdale. Each of these firms have a 
8 of 41 ft. by 35 ft. alloted to them. Messrs. 

olds and Messrs. J. Powis and Co. will occupy 
smaller and intermediate positions. On the | 
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hand side, the exhibit of machine tools, &c., by 
Messrs. Sharpe, Stewart, and Co. will be close 
beside their locomotive exhibita bove mentioned; next 
to them will follow Messrs, Smith and Coventry, and 
Messrs. Thomson, Sterne, and Co., whose principal 
specialty will be a display of emery wheels and 
emery grinders. Messrs, Fox, Walker, and Co., the 
Avonside Engine Works, and Sir Joseph Whitworth 
and Co., will complete the display of machine tools 
in this block; where, in addition, space is alloted 
for three stands of printing machinery by Messrs, 
Judd, Green, and Johnson respectively. A trans- 
verse passage about 15 ft. wide separates this group 
of exhibits from the adjacent one, which is made up 
almost exclusively of textile machinery. Messrs. 
Platt Brothers, of Oldham, will, judging from the 
large amount of space (66 ft. by 82ft.), make a 
magnificent display of cotton, wool, and worsted 
machinery. ‘The other principal exhibitors of this 
class are Messrs. Lawson and Sons, Messrs. Fair- 
bairn, Kennedy, and Naylor, Messrs, Coombe and 
Barbour, and Messrs. Dobson and Barlow. Another 
transverse passage similar to the first separates the 
second from the third group, which will be of a more 
miscellaneous character. Here are placed the large 
horizontal engines of Messrs, Galloway and Sons, 
now nearly erected, and which will be employed to 
drive the machinery in motion in the British Section. 
In the same line follow a show of looms by Messrs. 
Hattersley and Sons, pumping and_ other machinery 
by Messrs. J. and H. Gwynne, pumping engines by 
Messrs. Hathorne, Davis, Campbell, and Davey, a 
miscellaneous exhibit of machinery by Messrs, Hay- 
ward Tyler and Co., wool-washing machinery by J. 
and W. McNaught, and an exhibit of special interest 
by Messrs. Greenwood and Batley, On the left- 
hand side of this group, adjacent to the engines of 
Messrs. Galloway, the J//ustrated London News will 
exhibit the Ingram printing machine, for which so 
much has been claimed. Mr, R. H. Tweddell and the 
Hydraulic Engineering Company occupy adjacent 
spaces, Measrs, Tangye and Co, will show miscel- 
lineous machinery ; Messrs, Appleby Brothers follow 
with a fine display of cranes and other specialties ; 
Messrs. Massey aud Co. with steam hammers; Messrs. 
Fowler and Co. with winding engines; and Messrs. 
Aveling and Porter with steam road rollers, &c. This 
will complete the third and last group occupying the 
central portion of the Machinery Hall in the British 
Section, and on each side of the hall will be grouped 
@ large number of small miscellaneous exhibits of 
machinery, and outside the narrow covered gallery 
facing the Avenue de Suffren will also be filled 
with miscellaneous exhibits, conspicuous among 
which will be specimens of armour Tates by Messrs. 
John Brown and Co, and Messr:. Cammell ; Messrs. 
Brown, Bailey, and Dixon will make a fine display of 
stee] plates and rails ; railway signals will be shown 
ty Messrs, Saxby and Farmer, and Messrs. Brierly ; 
essrs. Merryweather and Shand, Messrs. Seibe and 
Co., Messrs. Mather and Platt, will also find places in 
this gallery ; the remainder of the space will be princi- 
pally occupied by sanitary engineering exhibits. 
Turning now to the two large annexes, it will be 
remembered that these buildings differ in form, and 
are respectively 262 ft. and 524 ft. long, and they are 
separated by a space of about 15 ft., protected by a 
roof so as to form a covered way, T Sess buildings 
are entirely devoid of any architectural pretension, 
and are simply covered sheds, the narrower of one 
span and the broader of three. The latter is devoted 
most entirely to the exhibition of agricultural 
machinery ; towards the end facing the Seine are six 
groups; these will be occupied by Messrs, Howard 
and Co., Messrs, Clayton and Shuttleworth, Messrs. 
John Fowler and Co., Messrs, Ransome, Sims, and 
Head, Messrs, Aveling and Porter, and Messrs. 
Garrett, Adjacent to them, and separated by a 
passage 9 ft. 6 in. in width, are similar stands 
allotted to Messrs, Roby and Co., Messrs. Ruston, 
Proctor, and Co., Messrs. Hornby, Messrs, Mar- 
shall and Co., Messrs. Samuelson and Co., while 
the remainder of the area is divided out among 
other exhibitors. The longer hell, for about one- 
third of its length, will contain miscellaneous 
groups of agricultural machinery and exhibits 
of food - ucts, and the remainder will be 
devoted chiefly to carriages, harness, and similar 
exhibits. ‘The hall will be divided by one central 
passage 9 ft. wide, and two side ones each of 8 ft. in 
width running from end to end; a transverse passa, 
will also divide the hall in the centre of its length. 
At one end there is a raised gallery to which access 
is obtained by a staircase from the hall ; this will be 
devoted to seed exhibits. Close beside these agricul- 





tural annexes are two small buildings, each measur- 
ing 50 ft. by 20ft.; one of which will be filled with 
stone-dressing machinery, while the other will be 
occupied principally by a locomotive exhibited by the 
London, Brighton, and South Coast Railway; a 
second locomotive by Messrs. Hughes and Co., of 
Loughborough, and a model of the vacuum brake. 
Upon the bank of the Seine, outside the wall of the 
Quai d’Orsai, a small pavilion is erected for the ex- 
hibition of ship’s models; to this annexe nearly all of 
Atlantic steamship companies will contribute, as well 
as Messrs, Laird and Co., and the Sunderland Ship 
Builders’ Association. A collection of anchors will 
also be exhibited here. On the Seine itself, at least 
three types of English launches will be exhibited, 
sent by Messrs. Hunter and English (specially 
laced at the disposal of H.R.H. the oe Mr. 
Stephen Lewin, of Poole, and Messrs. Wigzell and 
sey ; the latter at all events will be fitted up as 
a torpedo boat, and will also be placed at the disposi- 
tion of the Prince of Wales and the British Com- 
mission. 

The English boiler-house and chimney shaft, 
which were erected from designs furnished by the 
French Commission, are very ornamental; the 
boiler-house contains three steel boilers by Messrs. 
Galloway and Sons. Of these boilers, which are of 
the maker’s usual type, we shall publish details on 
another occasion, In the grounds in front of the 
Exhibition building and close to the retaining wall 
of the sunk way which diverts the traffic of the Quai 
D’Orsay are two labourers’ cottages which are likely 
to attract considerable attention; they are erected 
by Messrs. Lascelles and Co., of 121, Bunhill-row, 
and are built upon the system devised by the firm. 
The structures consist of thin slabs of concrete 
measuring about 3 ft. by 2 ft, and 1} in. in thickness 
and screwed to the light wooden framework of the 
building. ‘The smaller of these two cottages is a 
dwelling containing three rooms, in which floor, 
walls, and roof are formed alike of the slabs of con- 
crete. In the large building, which is of somewhat 
greater pretension, an internal lining is added, being 
screwed to the inner face of the frame; the air 
space that is provided insures equable temperature 
within the house, and at the same time increases its 
stability ; the slabs forming the roof are moulded on 
the outer surface into the semblance of tiles. 

It will be borne in mind that the Fine Art Galleries 
which extend from end to end of the Exhibition are 
separated from the Main Building on each side by 
roadways about 25 ft. in width; it was originally 
the intention that on one side of each of these road- 
ways should extend a series of facades illustrating 
representative architecture, This idea has only 
partially been carsied out, since the avenue adjacent 
to the French Section which was to have been 
adorned by along series of facades illustrative of 
French domestic architecture from an early period 
to the present time, has been left untouched. On 
the avenue belonging to the foreign section, how- 
ever, this idea is being fully carried out. The space 
allotted to Great Britain has been treated in a 
manner different to that of any other section, and 
instead of rearing one long monumental facade, 
which would have served no practical purpose, the 
space is usefully occupied by five separate buildings, 
each of which, beside presenting a characteristic 
facade, will; be employed for the purposes of ex- 
hibition, The first of these buildings is designed 
by Mr. Norman Shaw, R.A., and is being built by 
Mr. W. H. Lascelles, whose name has been already 
mentioned. This house is in the Queen Anne 
style and is built up of concrete slabs in a manner 
similar to the cottages already described. In this 
building, however, the slabs are faced to a depth of 
about 1 in. with cement coloured to represent red 
brick lined out in courses. Where the slabs are 
screwed on to the wooden framing the coloured 
face is omitted, and the recesses thus formed are 
afterwards filled in with small pieces of similarly 
coloured cement. This house will be furnished 
throughout by Messrs. Jackson and Graham, and 
placed entirely at the disposal of H.R.H. the Pre- 
sident for use ian connexion with the work of the 
Commission, 

The second building, which will form one of the 
greatest attractions in the British Section, is the 
Prince of Wales's Pavilion designed by Mr. Gilbert 
Redgrave, and is in the Elizabethan style. It is 
about 82 ft, in length, and has a large central door- 
way leading into an antechamber or hall. Facing 
the doorway is the entrance closed by portidres to 
the dining-room, 31 ft. by 21 ft., and lighted from 
the roof by a large flat skylight, which will be filled 





with richly-decorated glass. This room, as indeed 
the whole of the pavilion, is being furnished either 
by Messrs. Gillow and Co., or under their super- 
vision, and these gentlemen have spared no trouble 
nor expense in the work they have undertaken. 
The walls of the dining-room are divided into panels 
by richly-carved oak frames enriched with mar- 
queterie work in ebony and ivory. The dado and 
cornice are similarly enriched, and the panels will 
be filled in with tapestry, each panel representing a 
scene from the ‘* Merry Wives of Windsor.” This 
work is now being completed by the Royal School 
of Tapestry at Windsor, which, under the patronage 
of Her Majesty, promises to restore the reputation 
which this country once possessed for tapestry work, 
but which died out at the beginning of the last cen- 
tury, when the Mortlake Tapestry Works were closed 
in 1703. The chef-d’ceuvre exhibited at the pavilion 
will be a portrait of Her Majesty, which will occupy 
the panel over the carved chimney of the dining- 
room, On the right-hand side of the latter is an 
archway oo with portiéres furnished by the 
Royal School of Art Needlework, and leading to 
an octagonal chamber arranged as a boudoir for the 
Princess of Wales. The decorations of this chamber 
are of that modified Grecian character introduced 
by the Brothers Adam, who about 100 years ago 
constructed the Adelphi; and where in Adelphi- 
terrace examples of this decoration are to be seen. 
The panels in this room are in pale blue silk, and 
the whole of the decoration is tender and delicate in 
the extreme. A recess at one end is occupied by an 
artistically arranged grotto contributed by Messrs. 
Dick Radcylffe and Co., of Holborn, and which is 
backed by mirrors set at such angles as to give the 
idea of illimitable depth. On the opposite side of 
the dining-hall is another abaginal teams des- 
tined for the Prince of Wales, and hung with em- 
broidery executed by the Royal School of Needle- 
work at the South Kensington and also at Sloane- 
street. As already stated the whole of the wood- 
work decorations in this suite of rooms have been 
made by Messrs. Gillow and Co., from the design 
of their artists, Messrs. Henry and Hay ; the furni- 
ture is also being provided by them, As it was 
intended that the Rttings in the pavilion should 
harmonise throughout, it was made a condition upon 
all manufacturers offering to contribute, that they 
should work to the designs of Messrs. Gillow. Ac- 
cordingly the same artists supplied Messrs. Elkington 
with designs for the plate, Messrs. Powell and Son, 
of Blackfriars, for the glass, Messrs. Minton for the 
the China, Messrs. Minton, Hollins, and Co. for 
tiles, and Messrs. Templeton and Co. for the car- 
pets. Messrs. Barnard, Bishop, and Barnard, of 
Norwich, are erecting beautiful wrought-iron gates 
for the entrance, such as attracted such attention at 
Vienna, and also a grate and dogs. Messrs, Feit- 
ham also provide another grate in wrought iron. 
On account of the slight depth between the facade 
and the side of the Exhibition building, it has been 
necessary to encroach considerably upon the latter 
to obtain the space for the suite of rooms just 
described, The back of the pavilion, however, will 
present no unsightly appearance, since it will be 
covered up by pianos and other exhibits. It 
should be mentioned that on the first floor of the 
— there are several other rooms which will 
employed as offices. The carcase of the third 
building was put up by Messrs, Shoolbred, and will 
be furnished by them. ‘The framework is covered by 
Messrs. H. Doulton and Co., of Lambeth, and forms 
a fragment of their large works now nearly completed, 
and which have been designed by Messrs, ‘larring 
and Wilkinson, Whatever merit may belong to 
this great pile of Victorian Gothic is certainly not 
shared by the sample which has found a place at the 
Paris Exhibition. It is, however, hardly needless 
to say that the terra-cotta of which it is chiefly com- 
osed is of excellent manufacture. 

The fourth building is a truly remarkable structure; 
it is being built by Messrs, Cubitt and Co., who are 
now exhibiting for the first time. The facade is de- 
signed by Mr. G. Redgrave, and is of a style of archi- 
tecture occasionally met with among the old halls of 
Cheshire and Staffordshire. The walls, which are of 
fine-rendered cement, are almost concealed by the 
richly-decorated woodwork, the design and execution 
of which fall rather within the scope of cabinet work 
than ntry. It is difficult to describe this 
work without the aid of drawings, which we shall 
publish on a future occasion, for pod ghee we will 
only say that the work reflects credit on the 
arehisect and the builders, This house will be given 





by His Royal Highness the President for the use 
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of offices for the Commissioners from the Dominion 
of Canada, and asa means of showing some of the 
furniture exhibits from Canada. The fifth and 
last facade represents an English country house of 
Anglo-Dutch architecture of the date of William 
and Mary, and was designed by Mr. Collcutt for 
Messrs. Collinson and Son, of Fleet-street, who will 
furnish it strictly in accordance with the period to 
which the house belongs. Each of these five facades 
is separated by a space which will be utilised as a 
garden which will be cut off by iron railings, some of 
which will form exhibits of considerable attraction. 
Especially we may mention that between the houses 
of Messrs. Collinson and Locke, and Messrs, Cubitt 
and Co. This isa wrought-iron railing constructed 
by Messrs. Cubitt and Co., for Lord Crewe, of 
Crewe Hall, from the designs of Mr. E. M. Barry, 
R.A. The iron railings belonging to the Prince of 
Wales’s Pavilion are being made by Messrs, Barnard, 
Bishop, and Barnard, 

In concluding this article we may say a few words 
in reference to the colonial exhibits and those of tie 
Indian empire. The latter, as already stated, will 
be collected in the Grand Vestibule so liberally given 
by the French Commission, and its principal feature 
of interest, apart from the crown jewels and the 
Prince of Wales’s collection, will bea superb trophy 
of two stories, and occupying the greater part of the 
available space. This trophy, designed -by Mr, 
Purdon Clarke, appointed by his Royal Highness as 
official agent for the Indian Section, will form a suit- 
able setting for the varied and rich Eastern exhibits 
with which they will be filled. The western pavilion 
adjoining the vestibule is se apart for Canada and 
the Australian colonies. In the centre will be reared 
a rich architectural trophy, 100 ft. in height, in 
three stories, access to which will be gained by a 
spiral staircase, and on which will be displayed 
animal, vegetable, 1ineral, as well as manufactured 
products. This monument will be flanked at each 
angle by four smaller trophies, one of coal, and the 
other three of other minerals, The great trophy 
was designed by Mr. Scott, of Toronto, chief 
architect of the Canadian Commission, and is being 
erected by Mr. D. Ewarts, of the Canadian Section. 
The four corners of the pavilion are allotted to the 
four Australian colonies, Victoria, New South 
Wales, South Australia, and Queensland. These 
corners will be occupied by pyramids supposed to 
represent the auriferous product of the colonies. 

We may add that in the Industrial Hall, Canada 
is in a very advanced condition ; most of the show- 
cases are in place, and their number and extent 
promise a valuable display. The space allotted to 
them is 130 ft. square, and is divided into seven 
groups as follows: Mining and metallurgical ex- 
hibits ; printing, lithography, and engraving ; educa- 
tion; general hardware ; leather and rubber goods ; 
furniture and woodwork. In the British Agricultural 
Hall, Canada has also 2000 square feet of space, but 
this being insufficient, a special annexe is being built 
by the colony. 











COMPOUND ENGINES FOR GAS WORKS. 
To THE EDITOR OF ENGINEERING. 

Srr,—Once more I must beg of you, if possible, to 
allow me space for a few lines upon the above subject, be- 
lieving that the principal object of your valuable journal is 
to afford a means for arriving at a just conclusion upon 
any subject brought forward in its pages, and well knowing 
that any fair and truthful criticism will always be bene- 
ficial to the large world of your rs, outside of an 
particular works or place, although the opinion pets | 
“7 be adverse to the course that may have been pursued 

erein. 

Your correspondent, Mr. G. Livesey, correctly supposes 
that the letters signed ‘‘ Manager’’ are written by the 
manager of an engineering works, and not by a gas 
manager, but allow me to state that I have never personally 
argued upon this or any other subject whatever with him. 
At the same time it is not at all surprising to me that 
other engineers may have used the same arguments as 
myself, the unsuitability, commercially, of a compound con- 
densing engine for the purpose to which it is here applied, 
viz., exhausting gas being in my opinion incontrovertible, 
and nothing that has yet appeared in the correspondence 
has at all altered my views upon the matter but very 
materially strengthened them. It is urged that the omission 
upon my part to state that the compound will work up to 
90 indicated horse power has destroyed the value of the 
comparison. I need not tell the large majority of your 
readers that the 30 horse power nominal hhidh-poecehus 
engine will also work up to 90 indicated horse power, but 
it 1s not desirable in either case to do so. 

You, Sir, know that the great point urged in favour of 


the compound condensing engine is economy in fuel, and 
it has been my endeavour to show that no such economy 
the relative first 
wing 10.5 lb. of 
horse power per hour for the high-pres- 


can take place in a gas works consideri 
cost and yearly working of same. In 
fuel per indi 





sure engine, the 
the results of a trial at a gas works, is ogpems will 
know that this is far in excess of what is ired, supposing 
the engine to be in first-rate condition, and not in the state 
as that selected for comparison with the compound. 
In conclusion, allow me to suggest that had Mr. Livesey 
iven the cost of the past and present plant, with the re- 
fative differences of fuel and diagrams of the different 
classes of engines used by him, much valuable information 
= have been bestowed upon many other of your readers 
ides 


are taken from a paper read as 


MANAGER. 


PROPOSED MOVABLE BRIDGE OVER THE 
THAMES. 
To THE EDITOR OF ENGINEERING. 

S1r,—We have the pleasure to send = herewith a 
sketch of a proposed design (see page 237) for a new bridge 
over the Thames. 

At the level of the roadway and from the opposite shores 
piers are constru any ordinary method that may be 
applicable to such a distance as will leave a free and un- 
interrupted for shipping of any reasonable width, 
and across this the land traffic is transported by means of 
a travelling platform suspended from girders at such 
superior elevation as will permit the passage of mas 
vessels ; this platform, when at either end of its traverse, 
is housed between the towers which support the upper 
— and an uninterrupted road for foot-passengers may 

secured, if necessary, by spiral stairs in the towers. The 
main’ roadway, if advantageous, might rise towards the 
centre of the river by an easy gradient for the better pas- 
sage of smaller craft between the piers. 

The itravelling platform is suspended by links or other 
suitable means from a frame carried upon wheels, the whole 
forming a carriage which may be moved by hydraulic 
power, the requisite machinery being placed in the towers 
at the ends of the superstructure. 

The drawing is of course simply a sketch, though the 
proportions of the various parts are approximately such as 
would be needed. The height shown in the clear is about 
80 ft. above high water, and the clear span in the central 
waterway about 200 ft. The feng, Mie wend of the 
bridge for the land traffic would have to ulated upon 
the exigencies of the situation. Supposing the platform to 
traverse the river every ten minutes from alternate sides 
for 20 hours, and taking 20 ft. as the average length of a 
carriage or van, it would transport 1440.vehicles in each 
direction, or a total of nearly 3000 per diem, snd allow- 
ing, say, 4 square feet of area for each person it would 
transport 400 each journey. 

We have not thought it necessary on this occasion to give 
any sectional or constructive details, but if you think well 
this can be done, and the whole of these remarks are not 
necessarily for publication, but are submitted for your kind 
consideration. 








We are Sir, faithfully yours, 
L. M1L1s. 
A. Twyman, C.E. 
New Quay, North Shields, March 11, 1878. 





**CORMACK’S STOP VALVE.” 

To THE Ep1ToR oF ENGINEERING. 
Srr,—Permit me through your columns to inform Mr. 
Cormack that the valve arrangement which he claims was 
proposed by me, and made three years ago, the propor- 
tions, &c., being about the same, and therefore it cannot be 
— by Mr. Cormack, nor yet called ‘* Cormack’s stop 

valve.” 
Iremain, yours truly, 


R. Marruews. 
Walker Engine Works, Newcastle- 
on-Tyne, March 27, 1878. 








UNDER LUBRICATORS, 
To THE EprIToR OF ENGINEERING. 

Srr,—On page 170 of the present volume of ENGINEER- 
1n@, I observe an illustrated description of a plummer 
block, stated to be designed by Messrs. Chapman and 
Sutton. ‘Will you allow me to inform the public through 
your columns, that some years since I patented a precisely 
similar a ment, and that as my patent is still in force, 
I shall hold Messrs. Chapman and Sutton accountable for 
any infringement of it. Permit me to add, that my system 
has been for a considerable time in use, with the most 
satisfactory results. 

Your obedient servant, 
OHN SOMERSET. 

Bradford-road, Manchester, March 27, 1878. 








Gas tn Paris.—The revenue of the Parisian Company 
for Lighting and Heating by Gas is still largely increasing. 
The receipts in January were 245,5571., showing an in- 
crease of 17,4561., or 7.66 per cent., as compared with 
January, 1877. 





Tue Merroroxoatcat Society.—The usual month] 
meeting of this society was held on Wednesday, the 20t 
inst., at the Institution of Civil Engineers, Mr. C. Greaves, 
President, in the chair. Mr. B.C. Smith was elected a 
fellow. The discussion on Dr. Tripe’s paper, ‘‘ On the 
Winter Climate of some English Seaside Health Resorts’’ 
was resumed and concluded, after which the following 

pers were read : ‘* Notes on a Waterspout,” by Captain 
ees eres ge fae on the Donteeiain of Glo- 

r Li a , and of Waterspouts in County Donegal, 
Ireland,” by M. Fitzgerald BRain- 


NON-ROTATIVE PUMPING ENGINES, 

Ar the meeting of the Institution of the Civil Engineers, 
held on Tuesday, the 26th of March, Mr. Bateman, Presi- . 
dent, in the chair, the paper read was on ‘‘ Direct-Acting or 
Non-Rotative ak ines and Pumps,’’ by Mr. Henry 
Davey, Assoc. Inst. C. ; 

The author discussed some new forms of prev ergtain | 
pumping engines and pumps, as a question of relative 
and efficiency, ill his acptnents by practical ex- 
amples. The direct-acting engine a wider sphere of ap- 
plication in or operations than elsewhere, and ex- 

ience had proved it to be the best type for done mine and 
i ish been the 


eavy pumping. Until lately, the 
only direct acting expansive engine. It was a very 
— mical nea under itor ca Make” Gone ae 
its range of expansive wor! was , mpoun 
rotative engines had been made todo a higher duty than 
Cornish engines. In the early days of pumping, Horn- 
blower, Trevethick, Woolf, and Sims experimented with 
aanemee Cornish <asinep in Cornwall ; Bo these —— 
iled because the engines were sing! ing, an e 
distribution of steam was suchasto lead to precy om loss 
from the cooling influence of the condenser. F'rom these and 
other practical defects the engines fell into disuse. To 
work Sire t-acting engines expansively, certain conditions 
were necessary. An inert mass must be provided, which, 
ky its inertia at the beginning and momentum towards the 
end of the stroke, should compensate for the diminishing 
pressure of the expanding steam Pee in overcoming 
the almost uniform resistance of the pump. In single 
cylinder engines this involved heavy initial strains, con- 
siderable piston speeds, and a large inert mass to render a 
high one of expansion possible. These obstacles were 
removed in the direct double-acting compound engine. This 
part of the subject was graphically illustrated by indicator 
and velocity diagrams, taken from compound and Cornish 
engines under various conditions of working, the results 
being tabulated. The relative cost of compound and of 
Cornish engines was next compared, and it was shown that 
the cost of the — and buildings was less for the com- 
pound than for the Cornish engine. The author then de- 
scribed certain improvements in valve gears, and discussed 
the construction of pumps and pump valves, advocating 
much heavier lifts than those commonly used. As examples, 
a 200 horse power compound engine, employed under- 
ground, in forcing against a column 1100 ft. in height, and 
a 600 horse power compound engine, actuating two 20-in. 
a by spears, against a column of 700 ft., were re- 
e to. An improved form of pump work was adopted 
to render such heavy lifts practicable and safe. Twenty 
varieties of pump valves were illustrated, and ey vary 
of the lift of pump valves, and others showing the shocks 
eres in the opening and closing of valves, were ex- 
ibi : 


In an addendum the author touched briefly on three 
questions of special interest in connexion with the subject 
of the > ng rm a to the economical gent steam 
in re; e degree of expansion, as to how greater 
economy might be secured, and as to the condition of maxi- 
mum efficiency. 





Our IRoncLADS: Errata.—In the Table of particulars 
of British ironclads, ag mag last week, the engines of 
the Gorgon and Hecate have inadvertently been described 
as compound. They are of the horizontal non-compound 
type. The four ships of this class, viz., Cyclops, Gorgon, 

ecate, and Hydra, are all fitted with twin screws. 





Tue Late Mr. W. T. Carrinaton.—A tele has 
been received from Singapore announcing the death of 
W. T. Carrington, C.E., on the 21st inst. at Java, where he 


had gone for the benefit of his health. He was well known 
to the profession as a past-president of the Society of En- 
gineers, &c.; he has been engaged the last few years as the 
principal engineer of Singapore, where he has made great 
improvements in its sanitary condition. His age was only 
forty-six years. 





QUEENSLAND LigHTHOUSES.—The. principal lighfs on 
the coast of Queensland are: On east corner of 
Moreton Island, a revolving light attaining its greatest 
power at intervals of 70 seconds ; several ing lights for 
the navigation of Moreton Bay and the river; a dioptric 
light at ode Cape of the first order; at Cape Capricorn, 
a revolving light ; at Bustard Head, a flash light; at Fort 
Curtis, a fixed light ; at Lady Elliott’s Island, a light flash- 
ing 30 seconds ; at Port Denison, a fixed white light ; 
at Cape Bowling Green, a light revolving every minute. 


EMERY AND CoRUNDUM Wuezws.—Mr. A. H. Bate- 
man read an interesting on ‘‘ Emery and Corundum 
Wheels’ at the Society Arts on the 20th inst. He 
described the sources whence emery and corundum are 
derived, the former are near Smyrna and Ephesus, and the 
latter in the United States, and gave a detailed account of 
the manner in which the material is prepared for the 
market. an Yaar out i wh poate x. the — 
emery w is due to Henry , who, in ten: 

a combination of Stourbridge clay and é into 


emery pressed 
moulds and baked. No practical results were Jbtained from 


this t, and the first extended use of the material in 
this form was found in America. Mr. Bateman referred 
briefly to the various natures of wheels now in use 
in this count i himself at Green- 


wich, and by the process of Mr. Frederick Ransome, the 
magnesian wheel (known in America as the Union wheel), and 
others.. He indicated a number of the almost innumerable 





; and “‘ Observations of Rain- | uses to which the ited ts Serapins 1s ie Rane, 
fall at Sea,” by W. T. Black. The discussion on the | and pointed out that its use in this country must become 
subject of waterspouts and globular li ing was ad-| as universal as it is in the’United States. An interesting 
journed till the next meeting on April 17. discussion followed the reading of the paper. 
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AMATEUR’S FOOT LATHE. 





CONSTRUCTED BY THE STUDENTS AT CORNELL UNIVERSITY, ITHACA, U.S.A. 


Fig. }. 
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Tue illustrations on the present and opposite pages show 
elevations and details of an amateur 100t lathe constructed 
at the Cornell University Machine Shop, the school that also 
turned out the measuring machine illustrated on page 396 
of our twenty-first volume. This lathe, which has a 
4 ft. bed, turns 10 in. in diameter, 6 in. in diameter over 
the slide, and 27 in. long. While it appears to stand upon 
four feet like other lathes, the leg at the foot-stock end 
is pivoted to the bed as shown at Figs. 13 and 14, which 
admits of free play between the two fora limited distance, 
so that when the lathe is set upon an uneven floor, the 
bed is exempt from torsional strain. Th. foot motion is 
what is known as the grasshopper motion with the rock 
shaft set high, giving a natural direction to the foot of 
the operator, which combined with the slow down and 
quick up-stroke, and the quick change from up to down 
and slow change from down to up, makes a treadle that 
enables an operator to do more work with the same 
amount of fatigue than probably it is possible to do on 


any other. 

The rock shaft is pivoted to the legs of the lathe on 
knife-edge joints with reverse knife edges to keep them in 
place, as shown in Fig. 12, not so much to avoid friction 
as to avoid the necessity of oiling them, which always, by 
the accumulation of dirt, makes that part of a lathe un- 





Fig. 2. 















































sightly. The connecting rod is slotted, as will be seen, to 
give free action between crank and treadle, and the work- 
ing joint in this case is a knife-edge joint also. With this 
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arrangement, if the foot is removed while the lathe is in 
motion, the momentum of the parts carries the 
higher than that due to the crank, and advantage is taken 
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AMATEUR’S FOOT LATHE. 
CONSTRUCTED BY THE STUDENTS AT CORNELL UNIVERSITY, ITHACA, U.S.A. 


\ 


of this feature to introduce a stop motion to the treadle. 
A spring catch shown at a, Fig. 2, is so placed as to catch 
upon the pin b, Fig. 1, when the treadle rises about } in. 
above its highest position due to the crank. To release 
the treadle from the catch it is only necessary to place 
the foot below it and with the ankle touch the spring at c. 

The triangular spider crank carrying the bearing is 
firmly secured to the headstock bed, and both bearings 
for the shaft finished at once with a long reamer, thus 
liberal wearing surface and absolute alignment are 
secured. This shaftas well as the crank is allowed }in. 
end play, thus securing polished wearing surfaces instead 
of grooved ones, which sooner or latter result from con- 
fining bearings between tight shoulders. 

Probably the most noticeable feature is the internal 
back gear within the cone. While such an arrangement is 
not in itself entirely new, it is in this form a very compact 
and strong device. The spider with the journals for carry- 
ing the three planets, as well as the planets and pinions, 
are all of cast steel; setting the planets at an angle gives 
a better hold of the spider on the shaft, and does away 
with the overhang of the internal gear. The advantages 
of an internal back gear are that it is compact, neither 
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dirt nor the belt can get in the teeth of the wheels, and 
with the arrangement for changing from slow to fast and 
from fast to slow, shown in Figs. 5 and 6, only one opera- 
tion has to be performed. 

The main shaft of tempered steel with a hole through 
for removing the centre, or to admit small rods for turn- 
ing screws and other small work from the end, has 
reverse cone bearings in which the lost motion is taken up 
by screwing the cap d, Fig. 8, which draws the box 
through and tightens both bearings at once. The step, 
as will be noticed by reference to Fig. 7, has placed be- 
tween the hardened ends of the shaft and follower two 
hardened steel washers, whose outside diameters and 
central hole are larger than the surfaces they run between. 
These pieces are free to change their position to a limited 
extent, and by so doing a polishing action is maintained, 
and streaking and cutting prevented. 

The lead screw passing through the bed and so close to 
the feed spindle, rendered it difficult to use the feed belt 
so common in American lathes, so the friction feed, con- 
sisting of a steel disc working in either of the Y grooves, 
shown at e, Fig. 8, furnishes a feed quickly changed, and 
one that is effectual. The arm carrying this steel disc or 


friction feed, and the arm the intermediate wheel 
for screw-cutting being cast in one piece, swings around 
the same centre as the lead screw, and is made fast by 
the pinch screw handle /, Fig.2. By the swinging of this 
lever either the friction feed on the intermediate gear 
wheel may be thrown in, and the very act of throwing 
the one in throws the other out. A drawer at the back 
of the lathe under the shelf contains the change wheels for 
screw-cutting. 

The nut working upon the lead screw is an open one, 
operated by the two eccentrics on the rock shaft g, Fig. 8. 
As the screw is used for the feed in ordinary turning as 
well as for screw-cutting, the nut is made unusually long, 
namely, 8 in. ona fin. screw. The slide rest or carriage is 
wholly guided by a single Y at the front, and runs upon 
a flat way at the back. Thisat first sight would appear 
to be only half a good plan, but the carriage is quite twice 
the usual length, and as one long guide is far better 
than two of half the length, and the carriage when moved 
by the screw or the hand is always moved by that side, 
and nine-tenths of the pressure due to the work comes 
on that side. Thus, theoretically the arrangement cannot 
be far from correct, and practically it cannot be a very 
difficult one to carry out. 

The cross slide is removable to givetplace to an ordinary 
rest for hand-tool work; the change is quickly effected 
by giving a turn to the handle h; the spring at i always 
holding the bolt up, so that the rests can be changed by 
the use of one hand only. The crosshead slide is pivoted, 
so that itmay be swung around for turning balls, and is 
graduated so that it may be so set accurately at any angle 
from 60 deg. one way, to 90 deg. the other, and made fast 
by the screw 7. The traverse screw has right and left- 
hand threads; this gives a transverse motion to the 
screw half as great as that given to the slide and permits 
the use of equal length sliding surfaces. 

Fig. 9 shows the device employed for withdrawing the 
tool for screw-cutting ; by turning the handle & the short 
throw crank on the rock shaft moves the nut / about 
ys in., drawing back the screw with slide, tool-post, &c., 
turning the lever back places the tool in its original posi- 
tion. This device is specially useful for other purposes 
besides screw-cutting. The spherical ring and gib to the 
tool-post furnishes a ready and secure means of raising 
and lowering the point of the tool. The foot-stock is 
.secured to the bed by a fixed handle rather than by the 
use of a loose wrench. The cone clamp for receiving the 
spindle is an excellent device, and the feather that 
prevents the spindle from revolving, it will be seen, is a 
pin held in place by a spring. The metal forming one 
side of the feather way being cut away just at the inner 
end forming an inclined arr permits the spindle to 
revolve when brought back to its limit, thus preventing 
the wedging of the screw. . The foot-stock is arranged to 
set over for turning tapers, and is operated by a single 
screw. The movable wre cutting drongh the sloping 
sides of the stock which are dressed off together renders 
the effect visible, so that if the lathe is left offset the 
next person using the lathe can scarcely fail to notice it. 

The lathe we have been describing was shown at the 
Philadelphia Exhibition, and we are indebted to Pro- 
fessor John I, Sweet, of the Cornell University, for par- 
ticulars of it. Regarding it Professor Sweet says: “ The 
using the lead screw for a feed when turning is an object- 
tion, and using a long nut is but a partial cure. The 
design is characterised by simplicity in every respect. 
In the lathe exhibited there was not the faintest attempt 
at ornamentation or finish, and when compared to the 
other lathes it appeared tame; while the working parts 
were true, there was much of the work that was not first 
class. It was built wholly by the students in the course 
of mechanical engineering.” 





NOTES FROM THE SOUTH-WEST, 
Plymouth Breakwater. uent on the retirement 
Mr. Townshend, C.E., superintendent of Plymouth Break- 
water, Mr. yk me his assistant, has, at the recom- 


mendation ad . a sae rd a — been 
appointed e Lords e Admiralty ti charge 
of that pHs Pang and the quarries at 


and to enter upon the duties of his new office on the Ist 

proxime. In accepting the resignation of Mr. Townshend, 
heir lordships have conv: 

high a tion of his 

vices under the Admiralty. 


Bristol Water Works Oompany.--An t has 
been entered into with the Bristol Port and Docks 
Company for a supply of water to be taken for the pur- 

of the Avonmouth Dock. The necessary main from 
sei The capa expesiel-iecdog tx gud 
orthwith. e capital e: uri ie year 
was 49,7491., and the length of mains laid was about 154 


to him the expression of their 
ng, valuable, and faithful ser- 


The Forest of Dean.—The house coal trade slightly im- 
proved last week, but consi that a large number 
of hands have been recently paid off, while there has been 
an abandonment at some pO sar of the night turn, the 

n ighbourhood is expected very 
shortly thee Promiar Colour Works will be re-started. The 
concern has passed into the hands. of Mr. hens, of 


Clifton, : rothers, 
flax ts, of St. Philip’s, Bristol. 


a 


merc iron trade 





the Forest continues deplorably dull. 







































































































242 





ENGINEERING. 





[Marcu 29, 1878. 





Newport.—A large fleet of steamers which had been de- 
tained at Bilbao, arrived last week, bringing 10,484 tons of 
iron ore. There is no material change in freights, and 
prices of steam coal are 8s. 6d. to 10s., according to quality 
and screening. 

Portishead Dock.—It must not be supposed when we state 
that some 100 yards of wall have gone that the entire 
structure for that length has given way from top to bottom. 
On the contrary, the foundations t hout are — 
now as w were put in; in fact, the wall is up 
to a height of 10ft. above the dock level. For a length of 
100 yards the wall, to a depth of some 10ft., has been 
knocked out. The foundations are right, but for 100 yards 
or thereabouts 18 ft. have gone ; but as the depth from the 
top to the foundation is considerably more than 36 ft., it is 
satisfactory to know that even throughout this unlucky 
100 yards not half the erection has gone. Still, the mud 
forcing this part away has deposited the masonry into the 
slime and slush on the other side, and it will take some time 
to remove this. The mud, too, naturally has gone over the 
standing portion of the broken wall, so that it will have to 
be clea away before the foundations can be got at and 
work recommenced upon them. 


The Avonside Engine Works.—The report of the directors 
of the Avonside Engine Company for the year ending 31st 
of December, 1877, shows a balance of 6,1081. to the debit 
of profit and loss account, after absorbing 4000/. reserve 
fund and 13371. unappropriated profit. The main causes 
of this unfortunate result have been heavy losses on the 
larger contracts, insufficiency of work, and the permanent 
establishment charges bearing a heavier percentage to the 
diminished amount of work done than would have been the 
case had the turnover been of greater amount. The report 
refers toa reduction of 10 per cent. in the wages of the 
workpeople, rendered necessary by the stagnation of trade. 


Landore Steel Works.—A statement which was published 
on Monday to the effect that there was a probability of the 
Landore Siemens Steel Works being closed after the 6th 
preximo caused considerable surprise in Swansea. We are 
enabled to state that it is not the intention of the company 
to throw out of employment the large number of men whom 
they at present engage, and the notices which they have 

ted up in the various departments of the works were 
issued as a precautionary measure, in consequence of orders 
being few and prices low. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mripp.esBrovuen, Wednesday. 

The Cleveland Iron Market.—Yesterday on ’Change 
there was a fair average attendance. During the last few 
weeks a large quantity of iron has changed hands at figures 
slightly below those fixed by the combination iron- 
masters. Now the quotations are based on No. 3 Cleve- 
land pig selling at 40s. per ton. Stocks of makers and in 
warrant stores are still very heavy. It is hoped, however, 
that with peace trade will steadily improve. 


The Finished Iron Trade.—Except that the plate trade 
continues good, there is nothing worth reporting in this 
branch of the staple industry. 


The Wages Question.—To-day the ironmasters held a 
meeting at Middlesbrough to consider the wages of blast- 
furnacemen. It was found that at several of the furnaces 
where the notices had expired the men had agreed to the 
masters’ terms. At some furnaces the notices are ranning 
yet, but it is expected that the men will agree to the reduc- 
tion. At Darlington to-day the Board of Arbitration held 
a meeting, and it was unanimously decided to refer the 
wages question to Mr. David Dale. 


The Godfrey Howson Furnace.—For the past.few weeks 
experiments have been conducted with this furnace at the 
Erimus Iron Works, Middlesbrough, and the results will 
be made known this week at the Iron and Steel Institute 
meeting in London. 

Engineering and Shipbuilding.—These industries are 
very actively en , and work is in hand which will 
pe y the establishments on the northern rivers for many 
months. 


The Fuel Trade.—Coal and coke is in moderate demand. 








AmericaAN ARTESIAN WetL.—An artesian well at 
Charleston, South Carolina, has reached a depth of 9853 ft. 





_ Tue Suez Canat.—In consequence of a reduction made 
in the tolls levied from vessels passing through the Suez 
Canal, the transit revenue of the Suez Canal Company 
declined rather sharply in February, the amount collected 
for the month having been 108,000/., as com with 
126,8701. in February, 1877, and 102,216l. in February, 
1876. The aggregate transit revenue collected to February 
28 this year was 222,310/., as com with 239,2751. in 
the corresponding period of 1877, and 213,111. in the 
corresponding period of 1876. 


GriLBEeRt ELEVATED RartLRoaD.—The Gilbert Elevated 
Railroad Company of New York have closed a contract for the 
construction of 15 elegant iron depSt buil » to be built 
immediately on the line of their track, from the Battery to 
Central Park. A large age | of light ornamental work 
is involved. The —_ bidders were Messrs. Cornell, 
of Canal-street, and the ater Iron Works Company, 
both of New York, and Messrs. William Sellers and Co., 
of Philadelphia. The first-mentioned being the lowest, 
secured the contract, and are ly busy with the specifi- 
cations, expecting to have me Ap ong % August. 
The total contract price exceeds 200,000 dols. he build- 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Thursday’s pig iron war- 
rant market was a shade firmer, and prices were at least a 
penny perton higher. Business was done in the morning 
at 5ls. 1d. cash, and the market closed with sellers at 
51s. 14d. cash and buyers offering 51s. 1d. The only trans- 
action reported during the afternoon was done at 51s. 2d. 
one month, and the closing prices with sellers were 51s. 14d. 
cash and 51s. 2d. one pore! with buyers very near. There 
was a quiet market on the following day, but holders were 
steady and prices remained almost the same as on Thurs- 
day. Inthe morning business was done at 51s. 1d. cash 
and 51s. 2d. one month, and in the afternoon at 51s. 1d. 
fourtzen days, and the market closed with buyers offering 
51s. 1d. and 51s. 2d. one month, and sellers near, 
the week me with warrants 3d. per ton under the 
closing prices of the previous Friday, while the price of 
makers’ pig iron was in several instances 6d. per ton 
lower. warrant market was dull on Monday, and 
prices receded 1d. per ton further. Transactions took 
place during the forenoon at 51s. 1d. cash, and the market 
closed with sellers at 51s. 1d. cash and 51s. 2d. one month 
and buyers near. The only transactions repo in the 
afternoon were done at 51s. 1d. one month, at which buyers 
closed, while sellers were secking 1d. per ton more. es- 
terday’s market was likewise dull, and prices receded 
about 1d. per ton further. Business was done in the morning 
at 51s. cash, and the market closed with sellers at 51s. 0}d. 
cash and 51s. 14d. one month, and buyers 3d. under. During 
the afternoon 50s. 114d. cash and 51s. O}d- to 51s. 1d. one 
month were paid, and at the close there were sellers at 51s. 
cash, buyers offering 51s. one month. A few lots changed 
hands this forenoon at 50s. 114d. and 50s. 11d. cash, and 51s. 
three weeks, the market closing to buyers at 50s. 104d. 
cash, sellers asking 51s. 11}d. The afternoon market 
opened very idle at the forenoon closing quotations. Con- 
sidering the season ofthe year, the demand continues to 
be very disappointing, there being very little inquiry for 
forward delivery ; indeed, the market been for some 
days been languid almost to lifelessness, and it is only the 
already low point reached which sustains it. Shipping 
iron continues very dull, and as already indicated, the 
prices of several brands are easier. There is no alteration 
to note in the number of blast furnaces in operation, the 
total still being 87 as against 115 for the same time last 
year. The total stock of pig iron in Messrs. Connal 
and Co.’s warrant stores stood at 170,547 tons last Friday 
evening, thus showing anincrease of 350 tons during the 
week. Last week’s shipments of pig iron from all Scotch 
ports amounted to 7728 tons as compared with 9312 tons in 
the corresponding week of last year. 
Edinburgh and Leith Engineers’ Society.—A meeting 
of this society was held last Wednesday night —Mr. Robert 


Strength of Struts,’’ by Professor R. H. Smith, was read 
by Mr. Blyth. 


Royal Scottish Society of Arts.—The usual fortnightly 
meeting of this society was held on Monday evening—Dr. 
R. M. Ferguson, President, in the chair. Mr. Sang, 
secretary, read a paper by Lieut.-General Sir James E. 
Alexander, C.B.,;on ‘‘ An Outside Spiral Stair as a Fire 
Escape for Factories.” 


The New Patent Bill.—Locally, it is no secret that the 
Patent Reform Bill, of which Mr. George Anderson, one 
of the members for Glasgow, has introduced into the House 
of Commons, is really of Glasgow origin, and that Sir 
William Thomson has had some share in drafting it. For 
the sake of persons in other parts of the country who may 
take an interest in patent law reform, it may be worth while 
to mention the following facts so as to show, by comparison, 
what Mr. Anderson’s Bill proposes to do: 1. Under the 
existing law patents are granted for fourteen years sub- 
ject to the following payments, viz., 251. in four instal- 
ments within the first six months, 501. at the end of the 
third year; and 1001. at the end of the seventh year. The 
new Bill provides that patents shall be granted for twenty- 
one years instead of fourteen, and at the cost, viz., 
121. 10s. in four instalments within the first six months, 
251. at the end of seven years, and 501. at the end of four- 
teen years. 2. Under the existing law patents are occa- 


Privy Council for — of t to seven years beyond 
the fourteen, but the Pa is very expensive, costing in 
many cases from 200/. to 300l. sterling. Taking advan- 
tage of the principle already conceded, the new Bill makes 
provision for prolonging existing patents by the simple 
ayment of a tax of 501. at the end of the fourteenth year. 
he Bill therefore contains three important clauses which 


and future patentees and others interested in the improve- 
ment of our ‘manufactures and the development of inven- 
tions. 








_ GerMAN RatLways.— The aggregate extent of railway 
in operation in the German Empire, Bavaria excepted, in 
January, 1878, was 16,392 miles. The nding 
distance worked in January, 1877, was 15,731 mil es. It 
follows that 661 miles of new line were opened in Germany 


during the twelve months ending with January, 1878, in- 
clusive. 





Scrap Iron IN Navy Yarps.—The secretary of the 
United States Navy has made a careful test of some speci- 
mens of iron manufactured in the navy yard at Washington, 
and he is investigating the question of the cost of fitting up 
the necessary smelting apparatus there for the purpose of 
making iron. There is a vast accumulation of scrap iron 
yearly at all the American navy yards, which is said to be 
us sold at about one-tenth of its value, and which 
might be readily utilised if the necessary furnaces were 


C. Reid, President, inthe chair—when a paper “‘On the | to, 


sionally in meritorious cases prolonged by Her Majesty’s | ,, 


should recommend it to the consideration of both present P 


NOTES FROM SOUTH YORKSHIRE. 
é SHEFFIELD, Wednesday. 

Reductions in Miners’ Wages.—The miners of South 
Yorkshire and North Derbyshire have offered to submit to 
a reduction of 5 per cent. in their wages, and these terms 
has been accepted by the associated employers. The 
number of men affected this decision is about 40,000. 
In several districts on the of Derbyshire and York- 
siiine the asin one sea ay a concession of 7} -— 
cent. in wages, and disputes on the question are imminent. 
The reduction of 5 per cent. places the men on the same 
footing as they were in 1868; the advances to the extent 
of 57} per cent. since the time having now been swept 
away. The whole of the miners and ironstone getters in 
the emplo t of Messrs. Newton Chambers and Co., 
but it islikel rthat they will be re-engaged shee tr sews 

it is likely ey when the wages 
scale has been revised. 

Adjustment KA Railway Rates. ing to the dulness 
of trade the i roprietors in South Yorkshire are 
pressing on the local ew companies the further reduction 
of tariffs on carriage of coal, iron, and heavy goods. It is 
stated that the companies are inclined to take a favourable 
view of the case. 


Water Supply of Chesterfield.—It is to obtain 
a further water supply for Chesterfield ‘and district, includ- 
ing Holmesfield, Coal. Aston, Dronfield, Killamarsh, an 
suburbs. The water is to be carried from the Barbrook 
Stream, on the Moorlands, near Baslow, and the cost of 
the work is estimated at about 23,000J. There is some 
opposition to the scheme on the part of landed proprietors, 
and the matter will be reported upon to the Local Govern- 
ment Board. 

Coal Mining.—The Yorkshire College has appointed 
lecturers on the subject of coal mining. This has been a 
want long felt, and Mr. Arnold Lupton, F.G.S., has 
already addressed students on the op mee Considerable 
interest is felt in the proceedings, and classes for the study 
of the subject are to be formed in the mining centres of 
the county. 

Manufacture of Steel Rails.—Manufacturers of steel 
rails are again threatened; this time by Cleveland firms, 
who declare that by a new process they can turn ont rails 
at 10s. per ton less money than is charged for Bessemer. 








ENGLIsH Rarts In Iraty.—The Roman Railway 
Company has let a contract for 9000 tons of steel rails to 
Messrs. Bolckow, Vaughan, and Co., of Middlesbrough. 
The order was secured by Messrs. Bolckow, Vaughan, and 
Co. at 61. 10s. per ton. The John Cockerill Company 
tendered, but at a much higher rate, viz., at 71. 2s. 9d. per 

nm. 





Tue East River Brrpa@e.—Messrs. Lauderbach and Co. 
expect to finish their contract for making 1300 forged iron 
sockets used for suspenders on the East River Bridge about 
May 1. Each socket is required to stand a tensile strain 
of 15 tons. Two tests were recently made, the first by a 
wire rope, which broke with a strain of 71} tons ; the second 
by a 14 in. steel bar, which also broke at 714 tons. In both 
tests the sockets remained intact. 





New SoutrH WELsH RaILways.—The progress of an ex- 
tension to Gunnedah has been greatly impeded by draught. 
The operations in the vicinity of Gunnedah require the em- 
Ce of a great number of horses for the purpose of 

ulage 5 but fodder being at a premium, few persons can 

induced to undertake the work except at a very high 
rate of remuneration. The works from the Werriss Creek 
end can be pushed on with much mure facility, and the 
progress is more satisfactory. Mr. Wakeford’s progress 
towards the extension of ‘the line northwards is _ re- 
— to be satisfactory. The extent of rails now laid 
own from the terminus at Quirindi is something like ten 
miles, extending, in fact, to within a couple of miles, from 
Werriss Creek. 





STEAM FoR Heatine PurposEs.—A company has been 

in Lockport, New York, which supplies citizens 
with steam for heating purposes. Three miles of street 
mains have been laid, and at present upwards of forty large 
buildings are heated by the system of pipes, which derive 
their steam from one boiler Bt. by 16 ft. in size. The 
pipes run through fifteen streets, and over 1,000,000 
cubic feet of space is warmed by the steam, which is sup- 
lied at a pressure of 30 lb. to the square inch. Thesteam, 
in addition to heating purposes, can be used for cooking 
food, washing clothes, and extinguishing fires. In addition 
the hot water from condensed steam is furnished to the 
houses through the same pipes. The cost is said to be 
much less than that of ordinary fuel. 





AmeERIcAN Brip@Es.—The Milwaukee Bridge and Iron 
Works are employing fifty men upon two bridges, one for 
Princetown, Wisconsin, with a draw of 160 ft. and a side 
span of 50ft., the whole weight of which is estimated at 
135,000 Ib., the other a ig om bridge for the St. Paul 


and Duluth Rai highway bridge nearly 113 ft. 
long, weighing 34,0001b., is lying in the ready for 
shipment to Mount Pleasant, Iowa. week a new 


idge, which is to span the river at Fourth-street, Racine, 
was shipped to its destination. This bri has a 140ft. 
span, and a total weight of 92,0001b. The centre pier 
consists of iron columns resting upon a stone foundation, 
ep em fot gi 

ve also com a hi i ‘ a > 
one at New Diggi niicasin: 75 ft. long, and one at 








ings measure 46 ft. by 22 ft., or if the balconies are included 
46 ft. by 38 ft. 


erected. 


Oskaloosa, Iowa, 102 ft. long. 
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NOTICE TO AMERIOAN SUBSORIBERS., 

We beg to announce that we have appointed Mr. Lenox 
4mith, 56, Broadway, New York, the sole agent for ENGI- 
NEERING in the United States, and all subscriptions for the 
United States will in future be payable to him. Mr. Lenox 
Smith is also prepared to receive advertisements for ENaI- 
NEERING, and will afford full information as to terms, &., on 
application. The annual subscription for ENGINEERING de- 
livered post free in the United States is 10.50 dols. U.S. currency, 
payablein advance. 








NOTICE OF MEETING. 
THE INSTITUTION or OIVIL ENGINEERS.—Tuesday, April 2, at 
8 od “The Huelva Pier of the Rio Tinto Railway,” by Thomas 
Gibson, Assoc. Inst, O.E. 
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THE “INFLEXIBLE.” 

THE recent debate in the House of Commons 
on the Inflexible was an admirable illustration of the 
fact that a technical question, and especially one 
that involves the doings of a Government Depart- 
ment, can be easily rendered so involved and com- 
plicated as to make it a matter of the utmost diffi- 
culty to bring it to a direct issue. In Parliament 
especially this is often the case. To an enlightened 
foreigner it would not appear to be a matter of 
much difficulty for a member of the House of 
Commons to obtain from the First Lord of the 
Admiralty a distinct statement whether or not a 
certain Government vessel, for which Parliament 
had agreed to vote half a million of public money, 
fulfils the official promises made on her behalf when 
the vessel was designed, and when the money was 
asked for. Many who pride themselves on the 
admirable working of our glorious constitution would 
think such a question had only to be raised to meet 
with a full and frank explanation, and that if the 

romises of the Constructor’s Department had not 
en fulfilled, the reasons for the same would have 
been explained. 

It having been shown that a new and untried 
principle of design, one affecting the vital safety 
of the “rE had been introduced into three of our 
largest and most recent ironclads, unknown to Par- 
liament or the country, and not only so, but contrary 
to the assertions of the constructors; and more- 
over, official documents having proved it had been 
introduced by error or by accident, one would 
scarcely have expected to see all these points lost 
sight of in a two nights’ debate, and deliberately 
shelved by the First Lord of the Admiralty. 

Whatever the merits or demerits of the Tuflexible 
may be in her present condition, the foregoing 





questions should have been dealt with fairly and 
openly, as they will doubtless yet have to be dealt 
with. The reason why the representatives of the 
Admiralty were able to evade these issues in the 
recent debate are not far toseek. The debate was 
raised by Mr. Seely on general grounds, and many 
of the charges brought forward by him were out of 
date, and could be easily dealt with. Again, serious 
blunders were made during the debate by Mr, 
Samuda, Mr. Gorst, and others, which afforded Mr, 
Smith an opportunity of making an effective reply 
to a large number of points, and thus covering for 
the time his evasion of more serious ones. 

Mr. Samuda’s blunder, which coming from him 
was most astonishing, that one 16-in. armour plate 
was equal in resisting power to two 12-in. plates, 
afforded a good text for Mr. Smith’s reply. So 
also did the erroneous assertions made by some of 
the members as to the alterations made in the In- 
flexible from the original design. ‘The charge is 
not that the vessel departs from the original design, 
but that the stability of the ship and also of the 
original design is not what it was represented to be 
or what it ought to be. 

Mr. Smith’s statement, therefore, that the design 
has not been departed from except in the substitu- 
tion of 80-ton guns for 60-ton guns goes for little, 
except with those who have not attended to the 
discussion. He most carefully avoided saying 
whether or not the stability is the same now as it 
was formerly represented to be, although he must 
have known perfectly well that the following official 
promise among many others has been entirely 
falsified : ‘‘It is possible that both cork and canvas 
wili be used to some extent outside the battery or 
citadel, but the security of the ship will not be de- 
pendent upon them.” 

It is erroneous to say that the deficiency of sta- 
bility is due to the increase of the guns, because, as 
a matter of fact, the possible increase in the size of 
the guns was contemplated from the very first. 
Indeed, a far greater increase than has taken place 
was contemplated, for Mr. Barnaby in his paper read 
before the Institution of Naval Architects in 1874, 
talked about her having ‘‘ perhaps in the course of a 
few years guns of twice 80 tons each.” Yet this plea 
is now put forward, and has evidently been suffi- 
cient to affect the judgment of both Mr, Goschen 
and Mr. Smith. 

Mr. Reed drew attention to the fact that up to 
the present time the actual stability of the vessel 
with the ends riddled and without the cork, at the 
time the controversy arose, had been withheld. We 
said last week we trusted this assertion would be 
fairly met. Mr, Smith’s reply, as given in the Times, 
is as follows, and as repo it is very ingenious, 
but entirely misleading. He says: “‘ Parliament 
had been informed of the stability of the Inflexible 
as it existed when the letter appeared in the TZimes 
and the debate arose on the 18th July last year. 
The paper, No, 285, which was laid on the table on 
June 28, 1877, contained a diagram of the curves 
of stability ascertained in 1876, as they existed in 
July, 1877, with lower masts in and chain cables 
stowed on the main deck. And it was upon that 
diagram, with masts in and chains and cables on the 
main deck, that the Committee had framed their 
verdict as to the stability of the ship. If, however, 
the masts were removed and the cables stowed 
below, the ship would have increased buoyancy and 
stability, and that was shown in a foot-note of the 
same paper, page 1].” 

It is to us a most unpleasant task to have to 
analyse replies like this, for it is far from our desire 
to excite feelings of contempt for the officials whose 
handiwork we feel it our duty to criticise, People 
on their defence are perhaps allowed to shave some- 
what closer to the line than assailants, and quibbling 
and other verbal evolutions come perhaps more 
natural to them. The limit is, however, certainl 
reached in this case. Mr, Smith’s reply r 
exactly like a contradiction of Mr. Reed’s assertion, 
and seems to give chapter and verse for the dis- 
claimer, It is nevertheless the fact that Mr. Reed’s 
assertion was absolutely true, and Mr, Smith’s 
reply to it, whichjif the truth is not the whole truth, 
is not in reality a contradiction. Mr. Smith says 
truly enough that the Parliamentary Paper to 
which he refers ‘‘ contained a diagram of the curves 
of stability ascertained in 1876, as they existed in 
July, 1877, with lower masts in and chain cables 
stowed on the main deck.” He omits to say, how- 
ever, that this diagram was chiefly remarkable by 
the absence from it of the curve showing the vessel's 
stability in the riddled and gutted condition, or, in 





other words, showing how she would be with the 
ends riddled and without the cork, The absence of 
this very curve Mr. Reed was complaining of, and 
yet the House gets a reply like the one we have 

uoted! Later on Mr. Smith gave for the first time 

e range of stability in this condition as only 144 
degrees, and even now we are not sure there is 
not a reservation in the background, Moreover, 
there is no mention in the Committee’s report of 
144 degrees range, but the range of 17 degrees is given 
there, thus showing that the Committee were deal- 
ing with the ship supposing her masts out and 
one cables lowered instead of with the original 

esign. 

r. Smith’s explanations in reference to the 
Ajax and Agamemnon were almost equally disin- 
geneous, He said they were constructed on pre- 
cisely the same principle as the Inflexible. ‘‘ They 
might as well say that if the die of half a crown was 
enlarged from a florin it was not satisfactory, and 
that it would be necessary to see whether the die of 
the florin was satisfactory.” Not atall, The Com- 
mittee condoned the case of the Inflexible amon 
other things, if not chiefly, because the beam h 
been limited by dock accommodation. No such 
excuse existed in the Ajax and Agamemnon, because 
they are smaller and narrower ships. Moreover, 
they are narrower than they would be if designed 
upon the same lines as the Inflexible, but on a 
smaller scale, The illustration used is, therefore, 
fallacious, 

But all these objections might in time be got 
over if the Admiralty could only show sound and 
tangible grounds for their faith in the immunity of 
the unarmoured ends against shell fire. But on this 
point all is pure guesswork, Mr. Goschen said he 
had been informed by somebody that it would 
take 300 hitting shots to destroy the stability of the 
ends of the Inflexible, Another member converted 
them into shells, and eventually they got transformed 
into large shells. They were afterwards spread uni- 
formly over the side like the squares of a chess- 
board, while another member was good enough to 
assume that the shells would not burst until they 
passed through the cork, To all this the First Lord 
of the Admiralty lent his countenance, and so the 
safety of our largest ironclad ships is to be sacrificed 
to the workings of a fertile imagination rather than 
being based on full and accurate data supplied from 
actual artillery experiment. If this were the last 
word on the subject, we should, indeed, be con- 
cerned for the future of our Navy, but we. are 
persuaded that a little further reflection will con- 
vince the members of the House of Commons, and 
even the Admiralty officials themselves, that the 
course they are pursuing is alike dangerous to them- 
selves and to the country. 

Were the subject at issue one of less importance 
to our Navy, the arguments of one or two of our 
contemporaries would afford much amusement. 
The Engineer of last week, for instance, in the most 
innocent manner panne quotes the passage from 
Mr, Smith’s speech, to which we have alluded, as a 
most crushing reply to Mr. Reed, Our contempo 
evidently thought it was.so, as no doubt Mr. Smit 
did, but those who skilfully framed the reply and 
put it into Mr. Smith’s mouth know perfectly well 
it was only an evasion. Yet this is what Zhe Engi- 
neer calls clearing the controversy of all extraneous 
matter! Such expedients may help to snatch an ad- 
vantage in a debate, and would perhaps be called 
clever at a debating society, but the safety of our 
ships and of the lives of our seamen should be made 
clear to the Pagaaes J by demonstration of a very dif- 
ferent kind to produce anything more than a mere 
momentary satisfaction, en an Admiralty 
Committee tells us thata ep bering less than one- 
twentieth of the stability of the Captain, one which 
could not make the slightest effort to right herself 
if she once got oyer to 17 deg—a mere list—one 
moreover that they admit would capsize under the 
mere action of her helm at half speed, is ‘‘ capable 
of encountering with safety waves of considerable 
magnitude,” we say there are ideas of safety abroad 
at Whitehall serious enough to ye any nayal archi- 
tect, and only too likely to breed the most lamentable 
disasters. dso it is with the question of naval 
gunnery involved in the di i It is not a 
question whether Mr. Reed or Mr. Rendel is the 
highest authority on whether the unarmoured ends 
of the Inflexible can be destroyed by shell fire, or 
are likely to be destroyed in action, Mr, Rendel 
is right so much the better for our Nayy. If how- 
ever he is wrong, and Mr. Reed is t, we are 
deliberately spending hundreds of thousands of 
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unds in organising for ourselves naval disasters. 
urely it is not too much to ask that a matter of so 
much gravity should be submitted to the test of ar- 
tillery experiments at Shoeburyness or elsewhere, in 
view of the freedom with which we expend money on 
artillery experiments against armour plates where 
the results are far more capable of being predicted! 
The few small experiments already made, if they 
teach anything, certainly do not, as we have before 
shown, teach us that much dependence can be placed 
upon cork chambers even against light guns. Why 
not extend those experiments? Even if the autho- 
rities have misgivings as to the results of such ex- 
periments, they had much better face them at once 
as they cannot lessen their responsibility by delay, 
because in the mean time other vessels like the Ajax 
and Agamemnon will have become too far advanced 
to be easily altered, and the evil will be magnified 
therefore with each week's delay. 
It is as easy to say it would take 300 shots or 
shells to riddle or gut the ends of the Inflexible as 


to say 30, or to start any other hypothesis on the | p& 


subject. We ask for the grounds on which such 
statements are made and accepted, and on which 
the safety of our ships are to depend. Any rash 
assertions are, however, good enough apparently 
to satisfy the credulity of our contemporary, 
but they will have as little weight on the final 
decisions on this question as the misleading model 
experiments at the Admiralty, the perilous doctrines 
of the recent Committee of amateur naval architects, 
or the unconscious evasions of Mr, Smith in the House 
of Commons. We have great faith in Carlyle’s 
doctrine about the indestructibility of a truth, and 
we have sufficient faith in the intelligence of the 
country to believe they will get to the bottom even 
of this Inflexible question in time ; let us hope it will 
be before they are awakened to it by a rude shock. 
We forbear to draw from the terrible calamity of 
last Sunday a conclusion that might legitimately be 
drawn as to the dangers of a slight margin of 
stability ; but we shall be mistaken if it adds to the 
complacency of those who have recently shown such 
a desire to tempt Providence in this direction. 





KRUPP (BROADWELL) ORDNANCE. 

THE discussion on breechloading ordnance in the 
House of Commons has given to Mr. Krupp the 
opportunity of renewing an offer to the English 
Government of his services as a gunmaker. The com- 
ments on the terms of his proposal have called from 
him a letter of explanation, which appeared in the 
Times a few days ago. A few remarks upon this 
letter are quite necessary. We believe that Mr. 
———_ claims in favour of breechloading ordnance 
are fully |justified, although he falls into a curious 
error in supposing that our War Office has formed 
the conclusion that because the system of breech- 
loading partially adopted here proved unsatisfactory, 
the principle itself was wholly and sweepingly to be 
condemned, Our War Office, itke every other military 
bureau, keeps itself well informed of the progress 
made elsewhere, and was therefore fully acquainted 
with all that Mr. Krupp has done in breechloading 
ordnance. The subject-matter of Mr. Krupp’s letter 
may be divided into the gun and its breech me- 
chanism, and the durability of the whole weapon. 
Upon this latter point the writer says : 

‘For instance, when alluding to the guns that 
are said to have been rendered unserviceable in the 
Franco-German war, it is simply stated they were 
so, and I would, therefore, desire to give the cause. 

“I have authentic information in reference to 
these guns, and all of them were, indeed, serviceable, 
during the whole of the war, and only required some 
slight repairs afterwards, with the exception of four 
or five guns. The guns in question were a part of 
a number of guns sifpplied to Prussia, and were 
constructed with the copper expanding ring in the 

uare double wedge. Those guns suffered from 
the escape of gas, caused principally by the double 
wedge slightly firing way, but nom: of them burst. 
The Saxon artillery had the steel centring ring in 
bore of gun and solid single wedge, and not one of 
these guns failed. 


“The experience then gained has led to the per- 
fection of the g gun in detail, so that, after the el 


clusion of the war, the German Government re- 
modelled the whole of its field and siege breech- 
loading artillery. 

‘It is also stated that the bursting of my gun on 
trial is not infrequent, This statement without data 
would convey a very erroneous impression, and I, 
therefore, give the following fact. Since the com- 





mencement of manufacturing steel ordnance in 1847 
to the present date I have ey upwards of 
17,000 guns of all calibres, and of these only 18 have 
failed, or averaging one gun in 948. By far the 
larger part of these 18 failures occurred through 
the breaking away of the breech, owing to its then 
rectangular form, a form that has since been altered 
to the semicircular, and not a single mishap has 
occurred since at this part of the gun, and in no case 
was the material at fault. The guns that burst were 
mostly experimental pieces, and were tried with 
great severity for the — of testing endurance 
and to gain experience. forward to you a list of 
all these burstings.” 

The important sentences in the foregoing are those 
stating that, with the exception of four or five guns, 
all of those used during the Franco-German war 
only required some slight repairs afterwards; and 
that out of upwards of 17,000 guns supplied since 
1847 only 18 have failed. 

On the 15th of May, 1875, Major Haig read a 
per before the Royal Artillery Association, in 
which he stated that 200 Krupp guns were disabled 
during the German War. In ENGINEERING, vol. xix., 
page 520, will be found a letter addressed to us by 
Mr. Krupp, in which he refers to Major Haig’s 
statement. He says: ‘That a large number of 
the guns on the Kreiner and Wahrendorf system 
were disabled (not burst) is quite true.” The 
Kreiner and Wahrendorf was the << ree 
employed before he adopted that of Mr. Broadwell. 
Mr. Krupp must have forgotten his admission in 
1875 that a large number of his guns had been 
disabled, or he would not now have asserted, that with 
the exception of four or five, only a few slight re- 
pairs were necessary after the campaign was over. 
Second as regards the statement that only 18 guns 
out of 17,000 have failed since 1847, we have his 
own admission just quoted. Ina letter published 
on the 28th of May, 1875, in the Zimes, Mr. Krupp 
states that out of 13,000 guns he had manufactured 
up to that date only 17 had failed. Now we are 
asked [to believe not only that these 17 cases in- 
cluded the 200 more or less failures during the 
Franco-German war, but that only one failure has 
taken place out of the 4000 guns manufactured by 
him since 1875. Mr. Krupp is, of course, very 
anxious to secure England as a customer on the 
liberal basis he proposes, but he rather oversteps the 
bounds of reason in thus vaunting the superiority of 
the articles he makes and wishes to sell us. In the 
same spirit he assures us that most of the 18 guns that 
brust were ‘experimental pieces, and were tried 
with great severity for the purpose of testing 
endurance and to gainexperience.” In his letter to 
the 7imes, 28th of May, 1875, Mr. Longsdon writing 
for Mr. Krupp, states, as mentioned above, that only 
17 failures had then taken place, and that out of these 
11 were fairly chargeable to imperfections of different 
kinds. Now we will quote from page 429 of our 
nineteenth volume a few failures not so chargeable. 

“In 1865 a 9-in. gun burst explosively in Russia 
after the 410th round. This gun was a converted 
muzzle-loader, and failed under excessive charges, 

“In 1866 a 9-in. gun burst explosively in Russia 
after the 56th round, 

** In 1869 an 8.in, 
after the 650th roun 

** In 1871 a 11-in. gun burst at Fort Constantine. 

‘In 1872 a 15-pounder burst in Berlin after 557 
rounds, 

“In 1865 a Krupp 93-in. steel gun burst with a 
moderate charge of powder, a Prussian committee 
attributing the failure to inferiority of the metal. 

“Tn 1865 a 94-in. gun of Krupp’s steel burst at 
Russia at the 66th round. 

‘In 1865 a similar gun 8} in. bore burst at the 
a ager ' 

“In 1866 a Krupp field gun burst explosively at 
Berlin, killing ons <ofeta, “ . ‘ 

“In 1866, during the Austro-Prussian war, six 
Prussian field urst. 

“In 1867 a 7-in. Krupp gun burst at the second 
round of proof at Woolwich. 

** In 1867 a Krupp 4-pounder burst at Tegel, near 
Berlin, 

«In 1868 an 8-in, Krupp gun burst on board a 
Russian frigate very destructively, killing and wound. 
ing in all twelve men. 

“In 1872 all-in. Krupp gun burst at the chase, 
and blew about 3 ft. off the muzzle.” 

These alone make nineteen cases of failure, which 
with the eleven above mentioned as being due to im- 


gn burst explosively in Berlin 





— construction, form another feature of Mr. 
upp’s idea of seventeen failures, After noting that 





this number also includes the 200 guns disabled 
during the Franco-German war, thirteen additional 
ones are easily added in the same way without 
affecting the results. And it is equally easy to 
understand that only one failure has occu out 
of the 4000 guns made since 1875, and the large 
number actively in use during the Russian and 
Turkish war. 

We may defer any reference for the present to 
Mr. Krupp’s observations as to the superior merits 
of breechloading as compared with muzzle-loading, 
merely remarking that experience confirms most of 
his remarks, and pass on to the latter portion of 
the letter, containing the liberal offer to the English 
Government, 

Some explanation may be necessary as to the statement 
that I proposed to lend the English Government a gun 
for 15,0001., and required an order to be given in case of 
success for guns to the extent of 2,000,000. I have had to 
carry out an immense number of costly experiments un- 
aided by any Government grant, for the purpose of perfect- 
ing the breechloader, and, therefore, was not disposed to 
furnish a gun to the English Government which should be 
used as a model for future constructions, and I, therefore, 
stipulated that the gun when finished with should be con- 
sidered as my property, but that should such success be 
obtained as would lead the English Government to 
adopt my system then orders to the extent of 2,000,0001. 
should be given me, as in all probability by the time 
these guns were furnished the English Government would 
be in a poet ion to manufacture the guns, and I fail to 
see anything unreasonable in stipulating that I should 
share in the manufacturing of my own system of breech- 
loading guns, while the English Government would have 
obtained from me an equivalent return for the money 
spent. Iam not desirous of running down the muzzle-loader 
in the same spirit in which the breechloader of the present 
day was condemned in the debate, and without practical 
experience ; but recently (August 21, 1877), my views of the 
superiority of my gun over the English system have been 
confirmed by trials between a 17-centimetre (6$in.) gun 
of my construction, made in Holland, against an English 
91m. muzzle-loading gun, and notwithstanding the great 
difference in size of the guns my 17-centimetre gun proved 
itself of greater power in piercing armour plates than its 
larger opponent upon the muzzle-loading system, and also 
in other characteristics that give value to a gun, such as 
accuracy of aim, &c. The guns were fired with the same 
class of powder and at the same shield. I send you the 
particulars of this trial. 

I have expressed to the English Government, and again 
express to it, that I have every desire to place my system 
at their disposal, and to enter into competitive trials, but 
they must be on such terms that my interests shall have 
equal consideration with those of the English Government. 

From the foregoing extract it would appear that 
Mr. Krupp claims to produce guns superior in 
material to those in the English service, and pro- 
vided with a breech-loading mechanism of his own 
invention, for the use of which he requires this 
country to pay him first a bonus of 15,000/., and 
secondly, to give him orders to the extent of 
2,000,000/. sterling. As regards the construction of 
the gun itself, despite Mr. Krupp’s assurance, that 
only 18 failures have occurred out of 17,000 guns of 
all calibres—an assurance obviously incorrect, 
considering the facts above stated—we hold to the 
opinion, practically universal in this country, that 
for large calibres at all events, steel alone, unless 
it be of special quality, is not the best material 
available, and remembering that the first gun 
we obtained from Mr. Krupp burst in proof at 
Woolwich, we fail to see on what grounds the 
Government would be justified in paying him 
15,000/. for the privilege of running a similar risk 
a second time. If the War Office decide to ex- 
periment with steel guns, as good ones as Essen 
can turn out would be made in this country. As 
regards the breech mechanism, that was originated by 
Mr, Louis Broadwell, of Paris and Carlsruhe, and 
not by Mr. Krupp, who was, however, free to adopt 
it without any expense to himself, owing to the fact 
that Mr. Broadwell could obtain no patent in Ger- 
many. In 1875 we discussed this matter in great 
detail, and showed conclusively from documentary 
and other evidence: 1. That Mr. Broadwell was the 
originator in the commencement of 1864 of the cylin- 
dro-prismatic sliding wedge, locking apparatus, and 
conical gas ring, exactly as now made by Krupp, with 
the exception of the last-named detail. 2. tin 
1864 Mr. Broadwell perfected and in 1865 patented 
the present form of spherical gas ring, exactly as 
now made by Krupp. 3. That so far as these 
essential details are concerned, the whole principle 
of the breech-loading mechanism chiefly used on the 
Continent is solely and entirely Mr. Broadwell’s. 
This is the system which Mr. Krupp claims as his 
own in his recent letter to the Zimes, and for the 
use of which he mentions such exaggerated terms. 
We discussed this matter so fully in 1875, that, for 





the present at all events, there is no occasion to 
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reter to it further. The discussion called forth 
several letters from Mr. Krupp, which appeared -in 
our columns, and from which we will however make 
a few extracts. One of the most valuable features 
of Mr. Broadwell’s invention is the form and posi- 
tion of the spherical gas ring. Disputing that 
gentleman’s claim to this detail in a letter to the 
Times published on the 17th of May, 1875, Mr. 
Krupp says, ‘‘ Thus I was nearly two years in priority 
of Mr. Broadwell in the use of the ring which 
wrongly goes by his name.” But Krupp himself in 
his printed description of his exhibits at Paris, 
Vienna, and elsewhere always refers to this detail as 
the Broadwell ring. Further, on page 520 of our 
nineteenth volume, Mr. Krupp himself fully acknow- 
ledges that Mr. Broadwell was the inventor, in his 
communication to us on the 18th of June, 1875, and 
adds that he had always acknowledged it. ‘This, 
despite his assertion to the contrary on the 17th of 
May. In the same letter Mr. Krupp refers to the 
fact that Mr. Broadwell had obtained patents for 
his inventions in various countries, though not in 
Germany, and he did not dispute that it was _ 
that such countries should pay royalties to Mr. 
Broadwell. Thus he says, “The users of an im- 
provement should pay the inventor, and in the 
countries I have named I have no doubt that Mr. 
Broadwell received substantial reward, and no doubt 
if England should ultimately adopt the Broadwell 
shape of ring, she will also recognise Mr, Broad- 
well’s right of reward.” These remarks apply only to 
the ring, but as has been clearly shown, Mr. Broad- 
well was the inventor of the whole system. In the 
face of this recognition of Mr. Broadwell’s rights 
(although Mr. Krupp has not carried his theory that 
the users of an improvement should pay the inventor 
into practice), we cannot understand on what 
grounds he comes upon the English public with a 
suggestion that this Government should pay him 
an enormous sum for the privilege of using an 
arrangement belonging to Mr. Broadwell. We can 
only suppose that having used it exclusively for so 
long a time, he has become accustomed to regard 
himself as the originator. 

To sum up the case, it appears to us that we are 
not very likely to experiment with steel guns, and if 
we do, we are even less likely to hire experimental 
guns from Mr. Krupp when we can obtain as good 
and as reliable ones at home for a reasonable 
price, And further, that if we turn our attention 
to breechloading, and especially to the Broadwell 
system, we shall carry out Mr. Krupp’s own 
suggestion, and recognise Mr. Broadwell’s right of 
reward. In any case we should naturally have 
recourse to the inventor whose experience as a 
breechloading gunmaker is great, although the 
number of breechloading guns he has made is of 
course much smaller, and whose ideas of a just 
pecuniary remuneration for his invention would 
come probably within far more reasonable limits. 


CORRUGATED FLUES FOR BOILERS. 
Ir is now twenty years since Sir William Fair- 
bairn carried out experiments to determine experi- 
mentally the strength of tubes to resist external 
pressure, and deduced from his results the formula, 
(thickness in inches) *-'® 
Length in ft. x dia. in inches 
which has been almost the only guide to engineers 
ever since. Fairbairn’s experiments were, however, 
confined mostly to small tubes, and we have already 
dealt in this journal with the doubtful character of 
the above formula and of others which have been pro- 
posed to supersede it. The recent introduction of 
corrugated boiler tubes and the demand for a higher 
limits of pressure having again aroused attention to 
thepressing necessity of furtherexperimentsonalarge 
scale, the Leeds Forge Company have undertaken 
to test not only Mr. Fox’s corrugated tubes manu- 
factured by them, but also plain boiler fiues for 
comparison, and on Wednesday last ‘they tested two 
tubes in the presence of a large party of engi- 
neers, amongst whom were Mr. McDougall from 
the Admiralty, Mr. Trail, Mr. Carlisle, and Mr. 
Samson from the Board of Trade, under whose 
supervision the tests were conducted ; Mr. Parker 
and Mr. Milton from Lloyd’s, and other well-known 
—— were also present. 
he tubes to be tested were cylindrical welded 
tubes about 3 ft. 13in. outside diameter, 7 ft. long, 
3 in. thick, with a turned collar in addition at each end 
welded on, making the length 8 ft. 1} in. over all. 
The corrugated flue was of nearly similar dimension, 
with the same turned rings at each end, 
The test vessel was a wrought-iron welded cy- 





Collapsing pressure=806.300 x 











linder about 3 in. larger inside than the tube to be 
tested, strengthened with five welded rings of 5 in, by 
3in. bored and shrunk on, the ends being cast-iron 
rings connected by longitudinal bolts and bored to 
receive the turned ends of the tubes, with a groove 
to receive a cupped leather such as commonly used 
for packing hydraulic press rams. By this arrange 
ment the tube was perfectly free to expand or con- 
tract, and access could be obtained to the interior. 

On the top of the outer cylinder was a gauge with 
a 7-in. dial registering up to 700 Ib., and in front a 
gauge with a 12-in. dial marked up to 1200 lb., made 
by J. Dewrance for the Marine Department of the 
Board of Trade. The pressures given are those re- 
gistered by the 7 in. gauge, which registered higher 
than the ]12in. gauge by about 5 lb. at 100 Ib., 10 Ib. 
at 200 Ib., and 20 lb. higher at 400 Ib. 

The measurements tabulated below were taken by 
Mr. Samson, on behalf of the Board of Trade, and 
Mr. McKay, from the Greenock Foundry Company, 
by means of sliding wooden rods. From the rough- 
ness of the surfaces greater accuracy could not be 
secured than, say, within .0l in. The tubes having 
been tested with straight edges, and found to have 
prominences of from 4 in. to } in., two of these 
prominences were selected for horizontal and 
vertical measurements, at about + the length of 
the tube from one end, and after testing to 150 lb. 
pressure two more were selected for horizontal and 
vertical measurements at 4; length of tube from the 
same end. In the Tables the letter a refers to the 
first set of measurements, and letter 4 to the second. 
The diameters and deflections 4 commence after 
150 Ib. pressure. 

Diameters a, horizontal 36.65 in., vertical 37.20 in. 
‘e b, * 36.62 in., » 936.77 in. 

The pressures were raised by increments of 25:lb., 
and taken off again after each increase. At 200 lb, 
pressure the tube began to come down like a blister 
about 5 in. in diameter on the top ata at the original 
bulge, about 10in. from a weld, there being also 
a weld at the other side of the bulge. The pressure 
began to fall at first slowly, then quickly, until it 
reached 501b., the swelling having thus extended 
about 2 ft. by 1 ft. by 1} ft. deep. 

The particulars are given in the following Table. 
The sign + means 8n increase of diameter and vice 
versa : 

TABLE A. 





PLAIN FLveE. 





























nee Deflection. Set. 
‘ounds sas 
mragen Eotce 
Inch. Hori- | Verti- | Hori- | Verti- 
zontally.| cally. |zontaily.| cally. 
+ - + - 
25 a .00 .00 .00 .00 
50 a 02 .00, .00 .00 
75 a .02 02 .00 .02 
100 a .02 .04 .00 .02 
125 a .02 04 -00 02 
a 03 04 .00 02 
150 { b ‘00 08 00 ‘00 
a .03 04 -00 04 
175 { b 00 “05 00 ‘00 
200 { “ 
* Gave way- 


By Fairbairn’s formula above given this tube 
should have borne about 350 lb. ‘The tube actually, 
however, bore but little more than one-half, under a 
mean compression of about 10,000 per square inch. 
This great difference shows how much less may be the 
safety of boiler tubes than is usually supposed, and 
the fact is of much practicalimportance. In search. 
ing for reasons it may be that it arose from the 
great local strain on the exterior of the metal at the 
original bulge ; for the centre line of the strain, 
which had the tube been truly cylindrical would have 
passed in the centre of the metal, passed close to its 
outer surface. For if this line but 7, in. 
from the centre of the plate it would double the 
compression of the nearest edge. This might 
account for the tube failing by the appearance 
of a blister before apparently distortion of the 
whole had commenced. Hence had the tube been 

erfectly cylindrical it might have stood a much 
higher bursting pressure. This however is of little 
practical utility, because so small an accidental 
distortion would deprive it of the extra strength. 





Moreover, the tube tested, altho 
represented as true a welded cylinder as is usually 
met with, much truer than ordinary lap jointed 
tubes. It was remarkable how slight were the indi- 
cations of weakness, a sudden permanent set of 
.02 being the only sign at the previous test, the dis- 
tortion then being but }th the thickness of the 
plates or about +3, the diameter. 

The immediate fall of pressure and extension of 
the bulge at a lower pressure showed that a boiler 
collapse from excess 0: J ecto if it once commences, 
must be complete and nearly instantaneous. The 
failure took near a weld, and until the tube has 
been tested drilling it may be surmised that it 
is thinner at that part. 

The plain tube was then replaced by a corrugated 
tube, and in testing this the measurements were 
taken horizontally and vertically, in about the same 
relative position from the top of the corrugations as 
before, and are indicated by the same letters. 

Diameter a, horizontal 35.18, vertical 35.60 
2 b ” “4 ’ ” 85.25 
The circumferential corrugations were 6 in. pitch, 
lye in, deep, and the thickness of plate in. 

Two not very strong plates were bolted one at 
each end near the top to prevent the tube from 
spreading, by sliding endwise through the leathers, 
and in consequence of this it cuendel about } on the 
ogee side, which may have tended to distort its 
shape and hasten its destruction. 

A tube formerly tested having only yielded at 
1070 lb., the pressure was commenced at the same 
which had destroyed the plain tube, viz., 200 lb., 
rising by 50 1b, increments, the whole pressure 
being removed between each rise. The measure- 
ments were made as before. The results are again 
tabulated. 


h not cylindrical, 
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a Deflection. Set. 
oun is 
Position seeeaie aS Rael 
ans uare|in Tube. A fl z 
mca. Hori- | Verti- | Hori- | Verti- 
zontally.| cally. |zontally.| cally. 
: oo | om | 0 | 20 
a ‘ j ; F 
200 { hb .00 .00 00 00 
a 00 01 .00 -00 
230 { b ‘01 01 00 00 
a 00 02 00 00 
300 { b 01 08 00 00 
a 00 05 -00 00 
350 { b 01 05 ‘00 00 
a 05 -10 .04 02 
_ 400 { b ‘02 ‘10 04 00 
a* 
ao {| ¢ 
* Gave way. 


This tube appeared to fail at a by general distor- 
tion, as 450 1b. was approached, the diameter in- 
creasing horizontally and decreasing vertically. 
em nn was continued until the tube was so much 
disto on one side, that it probably touched the 
outer case, the Mo tery side apparently remaining 
nearly semi-cylindrical ; the pressure which that 
quickly fallen 50 lb, remained at about 250 Ib. 
whilst the flattened sides were bulged in. The great 
difference in strength being this and the corrugated 
tubes previously tested is probably due to 
irregularities of this tube near the weld where the 
distortion seems to have commenced, while we may 
add that an examination of the tube on the follow- 
ing morning by the Admiralty and Board of Trade 
inspectors, showed that the weld was imperfect, and 
the final result is thus accounted for. This tube 
failed, like the plain tube, almost without warning, 
but it retained a large amount of strength after it 
had failed. In this case, also, greater accuracy 
of thickness and shape would probably have 
greatly increased the strength, and strength so 
gained may be depended upon, as unlike plain 
tubes the true shape of the co: ted flues is not 
easily altered in the processes of boiler building. 
As it is, the strength, 24 times that of the plain 
tube, is a remarkable increase and makes them 
amply strong enough for all ordinary pressures at 
that thickness only. 

Mr. Fox, the patentee of the tubes, exhibited a 
model of his proposed machine for rolling perfectly 
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true corrugated tubes, and the Leeds Forge Company 
are prepared to put down the necessary plant at 
nse of several thousand 
ave demand enough to justify the outlay. 
Already these flues have been tried by many of the 
large marine engineers, such as Messrs. Rolls and Co., 
Messrs. Denny and Co., the Greenock Foundry Com- 
pany, the Barrow Shipbuilding Company, Messrs. 
Maudslay, Sons, and Field, and others. A secondary 
purpose served by the corrugation is to increase the 
heating surface and intermingle the gases flowing 
past, and in a pair of Lancashire boilers with such 
flues a marked increase of evaporative power has 
We shall next week publish an 
engraving of the testing arrangements employed in 
the experiments above described. 


nds aS s0on as 


been observed. 








THE VICTORIA DOCK EXTENSION. 


For more than two years past some works of 





considerable magnitude, and of no less importance, 
have been going quietly on in the neighbourhood of 
Silvertown, and have been in fact gradually trans- 
forming a vast tract of desolate marsh land into what 
will be when completed one of the finest commercial 
docks in the United Kingdom, if not in the world. 
‘These works are those of the Victoria Dock exten- 
sion which are now being carried out for the London 
and St, Katharine Docks Company from the designs 
of Mr, A. M. Rendel, M.A., M. Inst. C.E., under 
the superintendence of Mr. A, C. Andros, M. Inst. 
C.E., by Messrs, Lucas and Aird as contractors, 
and whose agent on the works is Mr. W. Colson. 
The extension owes its origin to two circumstances 
mainly. In the first place the present entrance to 
the Victoria Dock at Blackwall has for long past 
been inadequate to the requirements of the dock, 
whilst the accommodation of the dock itself has long 
proved unequal to the demands made upon it by 
the ever increasing exigencies of commerce. The 
London and St. Katharine Docks Company—to 
whom the Victoria Dock belongs—had foreseen this 
probable contingency and had taken early steps 
towards meeting it by the purchase of a large tract 
of land extending from the eastern end of the 
present dock to Galleons Reach, a stretch of about 
two miles. By having an entrance to the docks at 
the latter place, vessels will be enabled to avoid the 
intricate navigation of 34 miles through Woolwich 
and Bugsby Reaches, that being the distance 
between the new entrauce and the present one to 
the Victoria Dock at Blackwall, owing to the bend 
in the river. ‘This saving is a very important com- 
mercial consideration, especially when the contiguity 
of the North Woolwich Branch of the Great 
Eastern Railway is borne in mind. This will be 
clearly seen from the plan of the docks shown in 
our two-page engraving. 

The works comprise a couple of open timber 
jetties extending 250 ft. into the river at Galleons 
teach, an entrance lock nearly 800 ft. in extreme 
length by 80 ft. wide, an entrance basin having an 
area of 10 acres (which alone is equal to the area of 
the present St. Katharine Docks), and a main basin 
having 80 acres of water area. Above and beyond 
this the works include the construction of graving 
docks and the diversion of the North Woolwich 
Branch of the Great Eastern Railway from its 
normal route, and its eventual restoration to the 
line of that route, but at a maximum depth of 40 ft. 
below its original level. This involves the con- 
struction of a heavy piece of tunnelling, so that in 
point of fact it may be said that the undertaking 
comprises four distinct works of an unusually heavy 
character, viz., the entrance lock and basin, the main 
basin, the graving docks, and the railway tunnel. It 
is in this light, for the purpose of description, that 
we propose to view them, and in the above order that 
we intend to notice them. We are indebted to the 
courtesy of Mr, Rendel for the drawings from which 
our engravings are taken, - ‘To Mr. Andros especially 
are our thanks due for his kindness in accompanying 
us over the ground. 

The general arrangement of the works (including 
the present docks) will be seen from the plan, Fig. 1, 
of our two-page engraving. Taking first the entrance 
at Galleons Reach, we may observe that its situation 
has been admirably chosen, the river being at that 
point one-third wider than it is at the present 
entrance at Blackwall. This entrance is 130 ft. 
wide at the commencement of the masonry, and is 
flanked on either side by two open-timbered jetties 
projecting 250 ft. into the river, and gradually 
curving outwards so as to present an opening of 
530 ft, at the head of the jetties, A very example 
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cofferdam is 180 ft. 
temporary safety-bank has been thrown up across 
the basin beyond the lock, and which would 
save the dock works and surrounding country 
from inundation should any accident happen to the 
cofferdam. This, however, is hardly probable now 
as the structure has successfully withstood some of 
the highest tides known. ; 


outer and inner gates and 80 ft. wide, thus offer- 
ing facilities for vessels of extreme length to 
enter for docking. There is also an intermediate 


The depth of water on the outer sili will be 
30 ft. below Trinity high water. 
arrangements of the lower or entrance gates is 
shown in plan and section at Figs, 2,3, and 4 of our 


ports, and Figs. 3 and 4 transverse sections on lines 
marked on Fig. 2, The walls of the lock have been 
constructed in concrete, but have a facing of gault 
bricks 2 ft. 3in. thick, This is the only part of the work 
—with the exception of the invert apron and floor— 
in which bricks have been used, and the object here 
is to provide against the wear and tear to which 


the lock gates to the other are of more than the 
usual area, in order to facilitate the passage of 
vessels into and out of the lock. Near the outlet 
ports the culverts are provided with two shutters of 
greenheart timber working in penstocks in Penrhyn 
granite. 
power, and are in duplicate on each side of ths lock 
as a precaution”against accident, 


The walls of the culverts are 7 ft. in thickness, and 
are of gault bricks set in cement, and faced with the 
best Staffordshire blue bricks pointed in cement 
mortar made of sand and cement mixed at two 
to one, 


generally is executed in Penryhu granite and 
Bramley Fall stone, whilst such prominent points as 
are liable to suffer from friction are all faced with 
Staffordshire blue bricks. 
gates double grooves are provided, as shown in 
Fig. 2, for constructing a 14-in. pile cofferdam should 


gates. 
over the entrance sill. 
tingencies in the future, in connexion with the main 


of Works have obliged the dock company to con- 
struct two low-level sewers, which are carried 


each 4 ft, in diameter, and are built in brickwork in 
cement. 
the sewers are also of brickwork in cement. 


area of ten actes and communicates through a passage 


carry the Wovolwich Manorway across the dock as 
shown in the plan. Beyond the swing bridge will 
be another pair of gates similar i 


In 
6500 ft. long by 490 ft. wide, with a water area of 
80 acres. 
27 ft. below Trinity high water, whilst the level of 
the quays will be 6 ft. above that line. The walls 
of this basin—as well as those of the entrance basin 


of cofferdam work is to be seen at the entrance 
to the docks, having been introduced for the purpose 
of keeping out the tidal water during the construc- 
tion of the outer lock gates, which will occupy the 
site of the old river wall which has been cut through 
at this point. This wall, so called, is an embank- 
ment of clay, which excludes the river from the 
marsh lands for miles in length, and is supposed to 
date back to the days of King Alfred. It consists 
of two rows of sheet piling composed of 14-in. square 
timbers, 48 ft. long, with caulked joints, the space 
between the inner and outer rows being filled in 
with Medway — which reaches to the tops of 
the piles, which are 6 ft. above T.H.W. The dam 
is supported on the inner or landward side by three 
rows of raking piles or struts. Outside the coffer- 
dam runs a platform, whilst the roadway for the 
public along the river bank has been diverted at 
this point, and is carried on piles on the land- 
ward side of the dam. The total length of the 
As a further precaution a 


The entrance lock is 550 ft. long between the 


air of gates placed 400 ft. from the outer gates. 
The masonry and 


ngraving, Fig. 2 being a half coping plan and half 
ectional plan through the culverts and sluicing 


ntrance locks are specially subject, and which the 
oncrete face might not so well withstand. The 
ulverts for the passage of water from one side of 


These shutters will be worked by hydraulic 


The chamber for 
he hydraulic machinery is seen on the coping plan. 


The masonry of the culverts and of the entrance 


To the front of the lock 


uch be required at any time during repairs to the 
There will be a depth of 33 ft. of water 
In view of possible con- 


rainage of the metropolis, the Metropolitan Board 


cross the lock beneath the floor. These sewers are 
The penstock chambers connected with 
The entrance basin beyond the lock has a water 
0 ft. wide with the main dock. Across the passage 
swing bridge of 80 ft. span wiil be constructed to 


in general design 
o those already described, and opening directly 
to the main basin. This splendid dock will be 


It will have a minimum depth of water of 


—are being constructed entirely in Portland cement 
concrete, mixed in the proportions of 7 to 1, and 
deposited in situ. With the single exception of the 
Government works now under construction at 
Chatham Dockyard, we believe these docks con- 
stitute the first example of this method of construc- 
tion applied to this class of work and on the present 
enormous scale, Transverse sections of the dock 
wall are shown at Figs. 5 and 6, Fig. 5 showing the 
wall between the counterforts and Fig. 6 being a 
section taken through the bollard counterfort. The 
walls are 38 ft. 6 in. high from foundation to coping 
and 18 ft. thick at the base, stepped off in the rear 
to 5 ft. at the coping as shown. The coping is of 
concrete in the proportions of 5 tol, The face of 
the wall has a batter of 1 in 27. The counterforts 
are 10 ft. thick and are placed 50 ft. apart centre to 
centre. The bollards are of cast iron and are bolted 
down in the manner shown at Fig. 6 ; they are placed 
100 ft. apart. From Fig. 5 will be seen the dif- 
ference between the ordinary level of the marshes 
in which these docks are being constructed and the 
level of Trinity high water, the latter being some 
7 ft. above the former. The aggregate length of 
walling will be nearly four miles, 

The main basin will be connected with the present 
Victoria Dock by a cut or passage 200 ft. long, and 
80 ft. wide. Over this passage the railway traffic 
of the docks as well as a public roadway will be 
carried by a swing bridge of 80 ft. span. This road- 
way will be a continuation of the present road which 
skirts the Victoria Dock, and it will connect the 
North Woolwich-road with the Albert-road, at 
Canning Town. The road from Canning Town 
will further be continued along the northern side of 
the main basin of the new docks. It will intersect 
the Woolwich Manorway as diverted, and be carried 
up to the new entrance as seen in Fig. 1. A railway 
will command both north and south quays, and will 
be connected with the Great Eastern system through 
the North Woolwich Branch, where it crosses at the 
junction of the old and new docks, and where the 
dock railway will be a surface line, passing over 
the swing bridge as already explained. Along the 
quays will be erected the necessary import and ex- 
port sheds, warehouses and offices, timber depdts, 
coal staiths, sheers, cranes, and other conveniences 
for vessels resorting to the docks, Beyond all this 
there is a comprehensive scheme under considera- 
tion for laying out the ground belonging to the 
company outside that required for the purposes of 
the dock traffic, for the erection of roads, dwellings, 
public buildings, hotels, manufactories, cattle depéts, 
in fact a small town. 

There will be two graving docks, and they will be 
situated on the south side of the main basin at its 
western end, and will be made at a diagonal line 
with the face work, in order that the docking or un- 
docking of ships shall cause as little interference 
as possible with vessels in the basin. The docks as 
at present designed will be constructed of Portland 
cement concrete, which at the sill and the grooves for 
the caissons will be faced with brickwork and granite. 
The larger dock of the two will be 500:ft. long on 
the floor, 84 ft. wide at coping, and will have an 
entrance 68 ft. wide. _ It will be capable of docking 
the largest ironclad at present afloat. The smaller 
dock will be 410 ft. long on the floor, 76 ft. wide 
between the copings, and will have a width of 60 ft. 
at the entrance. Both docks will have a depth of 
water on the silis of 21 ft. below Trinity high water, 
and their entrances will be closed by wrought-iron 
caissons. 

The works connected with the diversion of the 
North Woolwich branch of the Great Eastern Rail- 
way from its original route and level next present 
themselves for description. We may premise that 
this line formerly traversed the ground near the 
junction of the main basin with the old docks. It 
was first temporarily diverted considerably eastward 
to its present line of route, and at the same ground 
level, pending the construction of the subway 
through which it will eventually pass. When this 
work is finished the railway traffic will be restored 
to its former line of route but not to its original 
level, as the trains will run at a maximum depth of 
40 ft. below that level, or 43 ft, 6 in. below Trinity 
high water. The tunnel is a fine piece of engineer- 
ing work, 1800 ft. long exclusive of the approaches. 
The rails will be laid at an incline of 1 in 50 from 
either end, the inclines meeting in the centre of the 
tunnel, which will there pass under the passage or 
waterway connecting the main basin with the old 
dock. At that point there will be 25 ft. Gin. of water 
over the tunnel when the docks are completed. 
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Figs. 7 to 11 of our engraving show sections taken at 
several points of the work both in the covered way 
and in the open cutting, whilst Fig. 12 shows a 
longitudinal section of the whole work. It will be 
seen that that portion of the tunnel which carries 
the railway under the water is double, one 
side being for the up and the other for the down 
trains. The object of this double construction is to 
diminish the height of the work at that point, so as 
to obtain-a sufficient depth of water overhead, with- 
out having to carry the line at a lower level. The 
whole of the construction here, as seen at Fig. 7, 
is brickwork in cement, with the exception of a bed 
of cement concrete, 4 ft. thick, laid upon the marl 
rock, which forms the foundations. Beyond the 
passage the double way is also constructed in brick- 
work, but the arches are covered in with cement 
concrete, as shown at Fig. 8. The double tunnels 
extend ‘for a length of 350 ft., each being 14 ft. 
wide and 16 ft. high from rail level to crown, except 
immediately under the passage where the height is 
reduced to 13 ft. 9in. The double way opens out 
at either end into a single-span bell-mouth or tunnel, 
additional headway being attainable here as the 
works pass under the marsh land. These bell-mouths 
are shown at Fig. 9. They are 24ft. high from 
rail level to underside of crown and 33 ft. wide. At 
the points where the double way merges into the 
single, ventilating shafts are provided, Like the 
double way, the single tunnel is constructed of gault 
bricks in Portland cement, and is backed by and 
bedded on Portland cement concrete. The whole of 
the tunnel is further protected by 18 in. of clay 

uddle on the outside. The bell-mouth merges at 

oth ends into an ordinary tunnel 20 ft. high and 
25 ft. wide, of the section shown at Fig. 10. In 
open cutting the railway is carried between concrete 
walls 7 ft, thick, and strutted at intervals of 16 ft. 
with concrete arches 8 ft, thick, as shown at Fig. 11. 
The tunnel is drained through a culvert which con- 
ducts the water from the lowest level to a well, from 
whence it will be pumped by hydraulic engines 
worked by an accumulator fixed inside the well 
itself. 

Such is the comprehensive scheme of dock ac- 
commodation which at no distant period will be 
available for vessels of the lurgest type not only in 
our mercantile marine, but if needs be, of the Royal 
Navy. The contract was signed on the 9th of 
November, 1875, and it is expected that the works 
will be completed within the contract time, which 
will be March, 1879. The cost of the works already 
contracted for exceeds 650,000/, but this is exclu- 
sive of dock gates, caissons, swing bridges, hydraulic 
machinery, roads, railways, warehouses, sheds, 
fencing, and the like. Some idea of the extent of 
the undertaking may be gathered from the fact 
that before the works can be completed more than 
3.000,000 cubic yards will have te be excavated and 
lifted to an average height of 17 ft. About 75 per 
cent. of these excavations has already been effected, 
this work having been greatly aided by three Dun- 
bar’s steam navvies, which are made by Messrs. 
Ruston and Proctor, of Lincoln, Each of these 
effective labour-saving machines will move ? ton 
of soil at each lift and will excavate from 450 to 500 
cubic yards per day. 

The works will absorb 75,000 tons of Portland 
cement, 700 tons being at present landed and used 
on the works weekly. Up to the present time 
140,000 cubic yards of concrete have been got in, 
whilst 30,000 yards of brickwork have been com- 
pleted. Of the cement the Burham Company are 
supplying 45,600 tons, whilst the remaining 30,000 
tons are being supplied by Messrs. Gibbs and Co., 
Messrs. Robins and Co., and the Tunnel Cement 
Company. The gault bricks are supplied by the 
Aylesford Pottery Company, and of these 18 millions 
are required for the tunnels, the facings of the dock 
walls, the culverts, and the like. 

_ The total area of the land owned by the company 
is 400 acres, and this plot is intersected in all 
directions by nearly 20 miles of contractors’ rail- 
ways. There are 15 locomotives for hauling 
some 600 earth wagons. Besides these about 
50 horses are employed on the works, which 
afford employment to some 1800 men. There are 
altogether on different parts of the works 69 fixed and 
ortable steam engines used for various purposes. 
This is inclusive of three of Messrs, Clayton and 
Shuttleworth’s 40-horse power expansive engines, 
each of which is working a pair of 24-in barrel 
paras for draining the excavations by Messrs. 
simpson and Co., of Pimlico. Each pump has a 
lift of 56 ft., and is capable of raising 2000 gallons 


of water per minute, or 25,000 tons per 24 hours. 
These engines and pumps are all set on concrete 
foundations and work very smoothly. There are 
likewise four 18-in. pumps, each worked by 16-horse 
power engines, with an aver lift of 38 ft. The 
concrete is made from a valuable bed of gravel 
which underlies the peat at various levels through- 
out the estate. It ismixed principally by hand, but 
also in troughs, in which nine screw mixers 
revolve. The gravel and cement, together with the 
water, are supplied at one end of the trough and 
thoroughly mixed as they are traversed along by the 
screw blades, coming out concrete at the other end. 
Another form of mixer also used consists of a large 
iron cylinder carried in bearings at opposite points 
in the periphery at each end. Into this the materials 
are thrown and made into concrete by twenty-five 
revolutions of the cylinder, 

The hydraulic machinery—the contract for which 
is of no ordinary magnitude—will be supplied by 
Sir William Armstrong and Co., of Newcastle-on- 
Tyne. The contracts for the swing bridges, dock 
gates, and caissons are not yet let. 

Occasional visits to these works enable us to bear 
willing testimony to the “nergy with which they 
are being pushed on, the careful way in which they 
are being superintended, and the excellent manner 
in which they are being carried out. Both design 
and execution in this comprehensive scheme. are 
alike meritorious and reflect every credit on those 
engaged in its practical development. 








IRON AND STEEL INSTITUTE. 

THE ninth annual meeting of the Iron and Steel 
Institute now being held in London, commenced 
its sittings at the Institution of Civil Engineers, 
yesterday morning at half past ten A.M., under the 
presidency of Dr.C. W. Siemens, F.R.S. There was 
held on Wednesday a Council meeting, when the 
usual preliminaries were gone through, but no matters 
beyond which are contained in the annual report of 
the Council were discussed of sufficient importance to 
bring before the readers of this journal. 

The report begins by congratulating the members 
upon the continued prosperity of the Institute, an- 
nouncing that no less than forty-seven are proposed 
as candidates at the present meeting, bringing the 
number of members to something over nine hun- 
dred. It then alludes to the death of the late foreign 
secretary, and to,that of Mr. John Jones, the general 
secretary, who was one of the founders of the In- 
stitute, and to whose activity and energy its present 
prosperity was largely due. It was announced that 
in furtherance of a proposal made at the Newcastle 
meeting, a fund had been established for the benefit 
of his widow and children, which amounted to the 
sum of 2318/. Of this sum it is proposed to invest 
2000/., paying the annual income arising therefrom 
to Mrs. Jones, the balance being kept free for the 
discharge of educational and other special expenses. 

It was announced that the vacancies caused by the 
deaths of the foreign and general secretaries had 
been filled, the former by the appointment of M. 
Deby, of Brussels, and the latter by the election of 
Mr. J. S. Jeans, of Darlington. 

The Council propose to accept the invitation of 
the Société des Ingenieurs Civils, made by its 
president, M. Tresca, to visit Paris at the time 
of the International Exhibition, and recommend 
that the next autumnal meeting of the Institute 
should be held in Paris. After referring to 
changes caused by deaths, and by retirements in 
the Council, the report concludes by announcing 
that the Bessemer medal for the year 1878 has been 
awarded to Professor P. Tunner, of Leoben, Austria, 
one of the honorary members of the Institute. 

After the formal business of the appointment of 
scrutators to examine the voting papers, and the 
reading of the reports and financial statement, the 
proceedings commenced by the President presenting 
the Bessemer medal to Mr. Isaac Lowthian Bell, 
M.P., F.R.S., as representing Professor Tunner, 
from whom a letter of thanks had been received, 
which was read to the meeting. In doing so Dr. 
Siemens called attention to the valuable services 
rendered by Professor Tunner to metallurgy, and 
especially to that of iron and steel. Mr. I. L, Bell 
returned thanks in the name of Professor Tunner, 
and bore testimony to the value of his researches, and 
to his readiness to place his results and experiences 
at the disposal of other workers in the same field, 

It was then proposed by Mr. Jenkins and seconded 
by Mr. I. Lowthian Bell, that the retiring vice- 








presidents and members of Council should be re- 





elected, This resolution having been put to the 
meeting by the President, was carried qreungry\6 

The discussion was then taken on the paper ‘‘ On 
the Protection of Metals from Atmospheric Action by 
coating them with their own Oxides,” which was 
read at the Newcastle meeting by Dr. Percy, F.R.S., 
and which we published én ewtenso at the time.* In 
this discussion the following gentlemen took oe 
Mr. Baker ‘of Sheffield, Mr. Edward Riley, F.R.S., 
Mr. Perry F. Nursey, Mr. Isaac Lowthian Bell, and 
Dr. Siemens. 

Dr. Percy’s second paper, also read at the New- 
castle meeting and published by us in our last 
volume, ‘‘ On the Cause of Blisters on Blister Steel” 
was next discussed by Mr. Baker and Dr. Siemens, 
and the President called upon Mr. I, Lowthian Bell 
to read his paper ‘‘ On the Separation of Phosphorus 
from Pig Iron,” which we shall publish in extenso in 
our next issue. An interesting discussion followed 
the reading of Mr. Bell’s paper, in which Professor 
A. W. Williamson, F.R.S., Mr. Snelus, Mr. Riley, 
Sir John Alleyne, Mr. Price, of Woolwich, Mr. 
Sydney Thompson, Mr. Fox, and Dr. Siemens took 
part, Mr, Bell having replied, the President pro- 
posed a vote of thanks to the author of the paper, 
which was carried unanimously, and the meeting 
was adjourned for an hour for luncheon, 

At 2 o'clock the business recommenced by the 
reading of Mr. Ireland’s paper ‘‘ On the Manufac- 
ture of Iron Sponge by the Blair Process,” The 
process described in this paper, which we shall 

ublish in extenso next week, was discussed by Mr. 
Baker, Riley, Mr, Snelus, Mr. Williams, 
Mr. Aitken, Mr. Bell, and Dr, Siemens, and after Mr. 
Ireland had replied to the discussion, in which the 
process had been somewhat severely criticised, a 
vote of thanks was d to the author, and the 
President called upon Mr. Michael Scott to read 
his paper ‘‘ On Apparatus for Casting Steel,” which 
we shall publish iz extenso on a future occasion. 

Some little delay being occasioned by the dia- 
grams in illustration of this paper not being ready, 
Mr. Louis Sterne used the opportunity to call 
attention to the fact that advertising circulars were 
being handed to members with the papers of the 
Institute at the entrance hall, by which the Insti- 
tute was virtually made to do duty as a medium 
for trade purposes. Mr. Paget supplemented Mr. 
Sterne’s remarks by noticing that these circulars were 
handed to the members by an official of the Institute, 
Mr. Menelaus, having made inquiries at the entrance 
hall, explained the miserable transaction by saying 
that some ‘impudent dog” had deceived the com- 
missionaire at the door, and gave him instructions, 
in an assumed capacity of authority, to distribute 
the advertisements with the papers; he deprecated 
in mostcontemptuous terms such an attempt, and the 
President said that he should bring the matter before 
the Council. 

Mr. Scott’s paper ‘‘ On Steel Casting Apparatus” 
was next read, and was discussed by Mr, Bessemer 
and Dr. Siemens. Mr, Scott having briefly replied, 
and a vote of thanks to him. havin carried, it 
was announced from the chair that Mr. Wdod’s paper, 
containing statistics respecting the production and 
depreciation of rails, &c., would be read to-day, and 
the meeting was adjourned until this morning at 
half-past ten o’clock., 
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EXPERIMENTS ON JAPANESE WOODS.* 
To THE EpIToR oF ENGINEERING. 


S1z,—A short time ago I forwarded to for publica- | and supplementary to them. : ; 
tion (see ENGINEERING, vol xxiv., p. the results of With the exception of the experiments mentioned in 
come caperinente made by me on Japanese timber, with Table III. the whole of them were made by means of the 
respect to its transverse strength and elasticity avail. | self- ing testing machine in the engineering labora- 
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the olde of ancther. Ib will be easily perentved that this 
condition of strain occurs frequently in works of car- 

try—for example, in mortise and tenon joints and in 
ramed structures generally—and therefore an apology is 
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able portions of the specimens broken in the above experi- 
ments have been subsequently formed into specimens of 
different sha; for the purpose of ing out a series 
of experiments to determine the resistance of each wood 
to rupture or distortion when strained in varicus directions 
with regard to the fibres. The dimensions and form of 
these specimens, and also of the specimen-holders used 
in the experiments, are shown in Figs. 1, 2, 3, 4, and 5; 
and the results which have been obtained by subjecting 
them to experiment are embodied in the annexed diagram 
and in Tables II. and ITI. 
Tase II. 
hice (kaa 
S438 |as 
4 - 
i:3. Bebe 
F 3 #53 rE 3 tory he the college, which has been already generally de- 
3 > ao scrl : 
£ rk a /Botan'cal Name of Wood. Le 3° Bs3 : Taste III. 
5 asks Pr Z | Compression in Hundredweights 
. Sgtcig-re| & Bhorten Cubes at Wood 1 in, 
ce lg 3/ tf Side, 5, 10,15, and 20 Per Cent. 
: iE 3 3 af3 E sngeneee Gomme o in the Direction of the Fibres. 
& 3 by an See Fig. 5. 
Z es = | 
—_|-OO-enne  ——- > > OC ro - > | ry 
1 o tomeria J ic 2.37 2.00 C) 
sat “Bapomert en | 280 | 190 & 5p.c. | 10p.c.| 15p.c.| 20p.¢. 
\Chamaec } 9.37 | 3. at nt ES 
4\H Magnolia Hypolenca 327 | an ee. ~ - a ; a 
Pinus (?) wwe ce] 4.00 | 2.90 mrent-cng ioe - 4 
Careidiphyllum Japonicum 3.77 4.82 : ee os = 38 36 
Pinus Massoniana... ... °2.70 | 2.53 OMOK! wae 4 « > . 
Fraxinus Sieboldii ... 3.55 3.71 5 |Himeko-matsu 38 4 at 33 
eliosma Rigid 337 | 244 ._ . 4 } 4 > 
ly See | Gn 8 |Toneriko” 47 47 a7 | 36 
ore J i 410 | 5.13 9 [Suga ... 60 45 43 40 
(oye 327 | 4.05 10 |Kurimi ... $8 50 “ “ 
“|Homoiceltis Aspera 683 | 7.13 . —- ~ 58 54 us ~ 
; _— 771 Hes 61 58 54 55 
: ae as3 | 9.10 13 |Kempo-nashi ... 61 61 59 47 
pares os ‘ aio | 1158 14 [Muku 61 61 43 61 
~igeore Soo | ies | 8 (Zest pilale|s 
.../Quereus Acuta 491 | 10.28 7 Teuge > él 101 4 m4 
18 |Shiro-gasbi 
© Made at the Imperial College of Enginsering ing, Tokio, | 19 |Aka-gashi 58 61 o 6s 
Japan, by George Cawley, Instructor of Mechanical Engi- 
neering. Nots.—10 per cent. is allowed for friction of press. 
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for putting forward any special infor- 


scarcely n 1 
mation relating thereto. As far asI am aware, very little 


| attention has been yet given to English woods when sub- 
| jected to this kind of strain. Tredgold briefly refers to it 
| in the third edition of his work on Carpentry, . i, 
art. 32, p. 77, and describes several experiments he con- 
| ducted. Speaking onthis subject, he says: | 
‘Tn order to obtain some information on this important 
| point, the author made the following experiment. He 
| prepared two pieces of Memel fir, and p the end 
| of one piece upon the side of the other, he loaded it suc- 
| cessively with 800 Ib., 900 Ib., 1000 Ib., 1100 Ib., 1200 Ib., 
| and 1300 ‘Ib. upon a square inch, examining the effect of 
each trial; the impression was faint with 900 Ib., but 
became very distinct with 1000 lb. ; therefore he considers 
| that the pressure on the joints of timbers of yellow fir 
should never be greater than 1000 Ib. per square inch. The 
| position of the annual rings makes a donsiderable differ- 
nee for = ce other trials the impression was very 
| distinet with 950 Ib.”’ 

‘* English oak was next tried; with a load of 1400 Ib. 
| the impression appeared to be about the same as 1000 Ib. 
| in Memel fir _—_ there was less difference from varying 

the position of the rings.” : P 
Tredgold in these experiments finds the relative resist- 
ance of fir and oak to be as 1: 1.4, but I infer that he only 
considered this ratio roughly approximate. He noted only 
the permanent impression due to the after it had a. 
removed, but it is evident that in practice the _ o! 
malformation allowable in a structural joint induced by # 
given load must depend upon the extent of such malforma- 
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tion, and without regard to its temporary or permanent 

With Ji woods, my experience is that a hard, 
tough wood like oak will have its fibres considerably mal- 
formed while subject to a load, but after the load has been 
removed they almost regain their original form, providing 
they have not been damaged by the load applied. Again, 
the ratio between the resistance of fir and oak is found to 
be greater than that stated by Id. , 

In the soft straight-grained woods, and those in which 
the medullary rays are not distinctly seen, the action of 
the load was to shear the fibres along the two edges of the 
end-grain piece, or to rupture them in the direction of their 
1 h; while the hard compact woods showing large me- 
di rays had their fibres bent or laterally distended, 
but not —— by the load. The impression in the 
former rapi heme as the load was augmented, but 
in the latter t tions 
to the pressure, within the limits of the load applied in 
these experiments, as will be observed by inspecting the 
lower curves in the di s 

The area of the surface subject to strain was 14 square 
inches, or a rectangle measuring 1.73 in. x 0.87 in. ; and on 
this was gradually applied a load of three tons, giving a 
maximum pressure of two tons per square inch on the 
specimen. The time scale at the foot of the diagram 
shows that the load was uniformly increased at the rate of 
1 cwt. per a inch every 44.seconds. As the three soft 
woods sugi, kurobi-sugi, and matsu—cedar and pine—were 
unable to bear two tons per square inch without having 
their fibres completely shattered, they were only pressed to 
one ton per square inch. 

At Figs. 1 ee are shown the ote and - of > 
specimens, and the arrangement wu ‘or applyi e 
pom me pressure. The sectioned end of the loop-red A is 
attached by an adjustable shackle to the testing machine 
lever, while the saddle piece B is securely fastened to the 


baseplate. ; 

The di will be easily understood; the vertical 
ordinates show the load per square inch in quarters of a 
hundredweight, and the abscisse exhibit the resulting 
depression in 100ths of an inch on a scale magnified six 
times ; while the time scale at the bottom gives the number 
of seconds the load acted upon the specimen. The hori- 
zontal distance from the circle terminating each curve to 
the circle in the interior of the diagram on the same 
abscissx, is the permanent depression in inches, resulting 
from a load of 2 tons per square inch, as measured on the 
magnified inch scale of the diagram. For example, muku 
has a permanent depression of ,,§;ths of an inch. 

In Table II. are recorded the experimental results ob- 
tained by loading specimens of wood in the manner exhibited 
in Figs. 3 and 4. 

When the load was applied, as in Fig. 3, to shear the 
fibres along two lines in the specimen in the direction of 
their length, the resistance to separation due to the lateral 
adhesion of the fibres is given in hundredweights per 
square inch in the first column of this Table. 

The total area resisting this shearing or sliding action 
was 3 square inches, viz., two sections each measuring 
1.73 in. x 0.87 in. ; and the load on this area was uniforml, 
increased at the rate of 1 cwt. per square inch every 14 
seconds, until fracture ensued. A yielding cushion of 
leather—not shown in the figure—was between the 
shoulders of the specimen and the holder to equalise the 
Me Se Rar a a i 

is perhaps worthy of remar' ly any 
motion of the fibres over each other occurred before fracture 
—in no case more than th of an inch. 

In the second column of Table II. the results derived 
from the mode of testing shown at Fig.4are given, where 
a load is applied in a direction perpendicular to the flow of 
the fibres, to cause their — The specimens were 

elopipeds, 13 in. long and 1 in. square in section, with 

heir fibres arranged normally to their nae side ; and 

these were firmly connected to the forked clips or holders 

—which have their jaws “ file cut’’—by tightening the bolts 

near the jaws. In this case the load was uniformly in- 

creased at the rate of 1 cwt. per square inch every 12 
seconds until rupture took place. 

It may here remarked that the results are given in 
hundredweights and fractions, principally because they are 
presented in that form by the self-recording ap tus of 
the testing machine. Perhaps they would be better ex- 
pressed in pounds, but if so required, the trouble of reduc- 
tion is in any case of s amount. The specimen holders 
used were carefully formed and arranged, so that they 
would bear properly and equally on the specimens. 

_ Table III. contains the results of experiments made on 
inch cubes of wood, to determine the compressive force 
necessary to shorten them 5, 10, 15, and 20 per cent. of 
their length when compressed in the direction of the fibres. 

This feature of resistance has engaged the attention of 
several experimentalists, as in Tredgold’s work on 
pen og 2 sect. ii., art. 30, p. 74, are recorded 

ts of separate experiments made by Rondelet and 
George Rennie on inch cubes of wood, and these results 
are widely different. In these experiments, however, the 
sag pe of the shortening, consequent from the stated 
» is not mentioned. 

As the compressive force required, to reduce inch cubes 
20 per cent. in their length, was more than could be applied 
by the lever testing machine on which the foregoing ex- 
periments were carried out, a small hydraulic’ press with 
ay sep ram and pump was used instead. It was made 

Cassella, London, is excelle: finished, and has a 
ram area of four square inches, while e area of the pum: 
plunger is one-eighth of a square inch, or #s the area of 


Attached by a pipe to the ram cylinder is a| show that this 
dicating 


pressure gauge on Bourdon’s principle, 
capable of recording three tome nap square inch and the 

y comparing 
uced on specimens of hte = the 


e impression was approximately proportional | com 


h for all 
the | and gots over all the diffeatty, b 
will be t 





press, with the impression on like specimens resulting from 
a similar known load. 
on similar specimens indicated approximately 
the trathfulness of the gauge ; is was confirmed by 
calculation, after i a known weight on the pump- 
handle, and observing its effect in compressing a specimen. 
It may then be that the pressure gauge was 
gen correct at the time the ts were made. 

ie ents 03 cannes the depression of the cubes accu- 
rately, four cylindrical gauges were made from }-in iron 
gas pipe ws in-, ws in., vos in., and win. long respec- 
tively, and the ends of these were formed parallel with each 
other, and exactly the stated distance apart. 

A cube of wood and the longest pillar-gauge were placed 
between the cheeks of the press, as shown in Fig. 5, and 
and gradually worked to 


was held between two eS Se ae 
slightly until the press was found to gently grip it. This 
was the signal to cand reg: ing, and observe the pressure 
on the gauge. After this the next lo gauge was in- 
serted and the first one taken away, and the operation just 
described was again carried out and repeated with the two 
shorter ga’ in a precisely similar way. 

To allow for the friction of the press, 10 per cent. was 
deducted from the recorded pressures. Vide Rankine’s 
‘* Steam Engine,’’ art. 125, page 128. 

After the specimens were compressed 20 per cent., they 
presented some interesting features of distortion ; most of 
them had their fibres suddenly bent along a sloping plane 
inclined from 25 deg. to 40 deg. with the upper surface of 
the specimen, thus showing a tendency to shear in the 
manner observed in stone and other non- fibrous materials 
when compressed. The inclination of these planes of dis- 
tortion was always perpendicular to the septw or medullary 
rays; and the softer the wood, the less was found the 
inclination. Boxwood was the only exception to this shear- 
ing tendency, and it behaved similar to a cube of lead when 
compressed by laterally distending or bulging during com- 
pression. 

The results in Table III., however, can only be con- 
sidered as approximately correct, as the friction of the hy- 
draulic press and the correctness of the pressure gauge are 
doubtful elements which vitiate the results. 

The rest of the experimental results may be accepted as 
practically correct, as ne | were determined by means of a 
sensitive lever machine, hung upon hardened steel knife- 
olor. All the experiments were performed personally, 
and I may remark that considerable care and precaution 
were bestowed to obtain reliable results. 

: I an, Sir, = truly, 

Imperial College of Bnginesting, Tokio, Jagan, 

m lege 0 ring, io, Japan, 

October 8, 1877. 


ENGINEERING CALCULATIONS AND 
CONTINUOUS GIRDERS, 
To THe EpiTor oF ENGINEERING. 

S1r,— Much has been written of late on the theory of 
continuous girders which has appeared in various letters in 
your paper, and, as faras I can judge, the information 

iven in them with an exception, that of Mr. Fidler’s, is 
herd to the spirit of your article on Engineering Calcula- 
tions which ap in your pe of Novembr 23, 1877. 

I gathered from that article, that engineering calcula- 
tions should be reduced to such form as could be com- 
manded by the en ery L and not kept up to such a standard 
as can be commanded by only a few. 


These com: 
recorded 
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Mr. Fidler’s letter is of the former, and describes a 

simple method of solving a difficult problem, and is 
, is just what is wanted, 
, but I have no doubt that it 
2 thought by some, that between Mr. Hopkinson’s 
analytical investigations and Mr. Fidler’s pins and thread 
method, is a jump from the sublime to the ridiculous, but 
I think I can show by taking a middle course that it is not 
£0, woe Fe wom fre Fidler the —— ee how 
co ve hically was himself, 

and have saved Mr. seta ble. 

is highly satisfactory to have a graphic method mathema- 


“ momentous line,”’ which no one has yet given us a solu- 
tion of, although Mr. Sim Robertson lias made an attempt 
to do of which he 


ve a in your of 
January’ 11th, 1878, and went so far as to show that the 
areas of similar tri 


I have looked h a large number of works on girder 
bridges, both atenhel and continuous, nearly all of which 
ve of i » Yepresenting the 


diagrams os curves. 

fending moments, and in many cases triangular re- 
ee ee ee ve been given, and shown 
ow the bolic curves, but no one combined the 
+wo and shown their mutual relationship ; and further, 
none of these triangles have these ‘“‘ momentous lines’’ 
acoene Seen os Bey ae im, aes here arises all the 
mistake, as I s endeavour to show, and that the 
absence of which exhibits a want of true reasoning ; and, 
moreover, there would have been no difficulty if these lines 
had been shown to have determined the thi of the 
webs, which has been so.much neglected, but which should 
have been the first consideration and not the last ; although 
one author has remarked that it is impossible to determine 
the thickness of the web before the sections of the —— 

have been determined on, I shall venture to show that thi 

is not the case. 

Let the areas contained between the parabolic curve 

C BK G, and the straight line C F, Fig. 1, represent the 
bending moments of the first of a continuous girder, 
and the triangles A' C' B', and G H B, represent the shear- 
ing forces, the line g h, at the point of contra-flexure, is a 
corresponding line to the line A C, and will either decrease 
or increase with ious ings, as the line A C de- 
creases or increases, and g h is the ‘‘ momentous line”’ 
which I complain of as omitted by every writer on 
the subject This line has quite as much right to be shown 
on the diagram as the line A C, and would exist there, 
although the writer was unconscious of its presence, the im- 
portance of which will be seen when comparing the reci- 

procity of the two figures. 

these lines are the very means of graphieally check- 
ing the calculations of the mathematicians, and how it is 
that this has not occurred to any writer on the subject is 


a gy to me. 
ow we know that the ordinates between the lines 
ABE, and the parabolic curve C B K, increase as their 
distances from the origin B, and that the triangles A C B 
and B GH follow the same law, and this we can i 
prove by drawing a number of lines across the tri 
to GH, and corresponding to the ordinates 


een BE and KF. Then, if we subdivide the triangle 
G H B into a number of smaller ones, as shown, then the 
number contained in the tri Bgh will be equal to 25, 
and equal to the number of in Tongth of the ordinabs 
B D, and the number of ‘les contained in the trapezoi 
g h, G H, will be to 39, or equal to the number of 


units, in length, of the ordinate F G, and it will be clearly 
seen, that by collectiing the number of these small triangles 
in opposite directions from the ‘‘ momentous line” g h, 
and yy BO down to scale in units, either on the fing 
BED K, KF, org G, as the case may be, that we shall 
be able to construct the lic curve B K G, or, as it 
were, with the aid of the line C D K F, actually build up 





the areas of the figures B D K and K F G, which represent 


the moments, or sectional areas of the flanges, and the 
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the part lying to the left of a'c', and thus the area of the For Two THE PAST, PRESENT, AND FUTURE OF: 
two parts are found without knowing any of an see vo ? =8(A+B) ?=# A+, BY THE RIVER THAMES.* 

Ct Sey 0 ee ED Oe eed cienl parte For Three Spans. By J. B. Revwan F-R.G.S., Memb: Inst. 0.E. 
i Wieldane 46 which cap aeleaue Q.E.D oSsitce ?,.+4xBx 0, —WA® + &, B* THREE + and pressing questions of the -day, viz., 
We will now advance a farther, and consider by the | ? =8(B+C) P2+4xCx ?.=, B*+4,C0° rg Peg sewage ”, Ss been 4 
same means a continuous vitor of two aal spans and For Four Spans. } dy and little apol Sp ages ate ering * 
loads, but instead of using Mr. Fidler’s method for finding | 2,=8 (A+B) 2,+4x Bx Py = A°+/4,B* | ih. subject before hes pty | ope a ee 
the moment over the pier, we will take Mr. Heppel’s | 2,=8(B+C)0,+4xOx 9, +4xBxQ, =@,B*+,0° | is cf - ay 7. tion of its eh i the effect eta “a 
formula, which I should prefer using up to five spans, and | ?,—8(C+D)9,+4xDx 9, = M,C*+5D* | nents ‘ma he = oa ftw hydraulic condition: ‘and’ the 
I wonder that his formula has been taken such little notice For Five Spans. devel nak of the tide ‘iri ts as: contradietitiretehed 
o— — of which does the members of the profession " =8 (A+B) Q,+4x B xe é =~ A>+4,B fro ra extensi on of 1 ge, own is lustated by 
credit. : B+C)9,+ 4xCx +4x BO, =~,B* +p2,C° struggle for forming a at Islewo w Rich- 
Let A BO, Fig. 2, represent the two spans of a continuous sem} rg Pam Sn P iia Ce = ‘O04 ‘he’ | wenlli ase pa even mote ink t. 
ler of, say, ft. and 60 ft. respectively and call them bas Di me tanks 5s x CPs =D Horn The bf oen phe phen = lief afforded haa 


and B, and take the loads Re 
1,2 tons respectively, calling them 
moment over the pier 9. 


P=8 (A +B) P=# A*+4, B* 
that is, 
1120 P=744,000 


and 
~=664 to the nearest unit. 


Havi found ? we can now find the pressures A E, BG, 
BH, C K, calling the spans / and i, 


Thus 
en l=90 


oK=“1B_? 94 94 te. ta 
2B 


The points of contra-flexure can then either be calculated 
or ¥* from the diagram, to which we will now return. 
aving put the pressures down to scale, bisect A a in F, 
Cc inI, draw EF, FG, HI, andIK, forming four 
triangles, then calculate the moments or ordinates ff and 
gg as if the girders were detached, and draw the parabolic 
curves A fB and Bg C, then erect the line BD, equal to 
664 units, or equal to 2 or the moment over the pier ; 
draw the lines A D and D C, then the intersection of these 
lines with the parabolic curves at o and o' will be the points 
of contra-fiexure. Then let fall the lines o ae, ock 
parallel to DG, then we know at once that the areas bb" 


oot at, say, 1 ton and 
Mand /,, and call the 


BG= BA ? 52.98 
2 A 


B H="\B + sd =47.06 
9 ned 


will each be equal to 664 units, or equal to 2, and equal to 
each other, and the remaining portion a of the triangle 


BF G will be equal to the triangle A E F, and the area of 
either will give in units the ordinate dd', or greatest 
moment in the first span, and the triangles c or c' will give 
the ordinate ¢ e' a greatest moment in the second span. 

Thus we know that the corresponding letters a a', 5b' cc’, 
represent corresponding areas, and we show in Fig. 1 that 
by means of these areas We can actu build up as it 
were the parabolic curves A f B, and B gC, and on the 
contrary, with the parabolic curves and the straight lines 
A D and D C, wecan form;the areas of ee Spares aa’,bdbd', 
and cc', and this shows their reciprocity. , moreover, 
the areas } b' will be always —_ to each other, however 
unequal these s: are loaded, and I think now I have 
clearly shown the value of these ‘‘ momentous’ and much 
or diaquans teonubayietd and iotgioas: end. Gis ben been 
t ess and incomplete, and this 
the case with all diagrams that I have seen on the subject, 
and it certainly appears to me a mystery. 

Now another mystery has been to solve the thicknesses of 
the web, which nearly all writers appear to have had an ab- 
horrence of, and which has only been taken in hand by a few. 

Now I think that if we return to Fig. 2 that we shall 
see that there is really no mystery about it, and taking the 
diagram as it stands, the areas A do, o D B, D Bo’, and 
ole C will either represent the bending moments or the 
sectional areas of the flanges, as the case maybe, dependent 
of course to what scale the di is drawn ; and the tri- 
angles A E F, F BG, BHI, andC IK, willeither represent 
the shearing forces or the thicknesses of the webs, as the 
case may be, dependent also on scale, but this is only for 
static loads, modifications for moving loads would have to 
be made, for which see Minutes of Proceedings, Institu- 
tion of Civil Engineers, vol. xv., 155. Iam sorry 
to add, however, that even Mr. Heppel has treated the 

and the web independent of each other, which is a 
mistake, for they are like the Siamese twins inseparable, 
and one cannot exist without the other. 

One has only to imagine, for instance, the lattice bars of 
a Warren girder standing in mid-air by themselves, without 
the flanges, or vice versd, and the absurdity will be seen 
at once, and if built up girders had been considered in these 
mathematical investi 
— Ss would have a; red. 

ow I have mentioned before . 





ions, instead of beams of wood, no | | 


Now as there is nothing very formidable in the above, 
for even the formula for five spans can be worked out in a 
very few hours, with the alternately loaded with a 
passing train for instance, in order to ascertain the maxi- 


e sepadeg the various /’s or units of 
load by their nes due to such loads. 

And it will be seen that there is nothing more involved 
in the above simultaneous equations but four unknown 
quantities, which any schoolboy can solve. 

It will also be seen by the above formula how rapidly 


the ;work increases for any additional span, and therefore 
beyond five spans I think that I should prefer Mr. Fidler’s 


method, which does really all that is required for all prac- 
tical purposes, and by either Mr. Heppel’s formula or Mr. 
Fidler’s method, one can have a clear notion of what he is 
about and cannot err toany great extent, particularly 
when coupled with the di s that I have shown, be- 
— you can ly prove it for yourselves by means of 
them. 

And now I think I have shown enough to prove my case 
of the three-cornered field to all your anonymous con- 
tributors and others; and here I might say that I quite 
a with Mr. John Dixon in a communication ‘to you of 

ebruary 1, 1878, as to anonymous contributions, and that 
it is high time that there was a distinction made between 
engineers and anonymous associates, with X.Y. Z. for 
initials, and who might be ‘* Jack-of-all-trades,”’ for one of 
them does So to know the difference between 
would and should, and none of them have solved my 
problem. 

And I would remark for the instruction of the anony- 
mous ‘‘J.T.N.” that in my opinion the problem and 
solution that I have given are quite up to his standard 
works of ‘‘ Brewer’s ide to Science” and “ Joyce’s 
Science for the Young,”’ and perhaps a little beyond, and if 
he knows anything at all; I think that I have shown him 
that I know at something of continuous girders, 
triangles, the laws of gravitation, and their beautiful re- 
lationship, and I trust, therefore, that a distinction will 
soon be made between engineers and anonymous con- 
tributors, so that one may really know who’s who in the 
profession. 

Yours obediently, 
W. H. Brpper. 
1, Westminster Chambers, March 19, 1878. 

P.S.—While on the topic of anonymous contributors, I 
should like to call attention, if you will permit, to a post- 
script, which ae ay in your paper of November 26, 
1877, signed “Z. H. K.,”’ on the question of the tides, 


and particularly to peragraph four, and I should like 
to ask him to read up Newton’s ‘‘ Principia,”’ Sir Richard 
Phillips on ‘‘The Theory of the System of the Uni- 
verve,’ the lecture by Mr. Wallis on ‘‘ Astronomy,’’ de- 
livered at the London Mechanics’ Institution on June 10, 
1825, Captain Forman’s remarks and objections to Mr. 
Wallis’s theory of the tides, and the theory given in the 
ny Encyclopedia Brittanica,”’ the ‘‘ Encyclopedia Ameri- 
cana,’’ Airy’s ‘‘ Gravitation,’’ and the various general 
works on wee such as Bonnycastle, Jehoshaphat, 
Aspin, Professor Hind, of the Greenwich Observatory, 
Professor Loomis, of Yale College, and last, though not 
least, a wonderful work on ‘‘ The Ocean and its Tides,’’ by 
a Mr. Leighton Jordan, in which work the “ stars’ are 
blamed for being the cause of the tides on that side of the 
earth which is not opposite the moon. 

Now if “Z. H. K.,”’ after reading these works, or 
rather refreshing his memory on them, and on any other 
works he may have read on the subject, can give usa 

i and a description of a rational theory of the tides, 


he will do more aT service than in casting slurs on other 
writers, and I s watch anxiously for a letter from him 
on the subject. 


He may have observed that I have already alluded to 
the question of the theory of the tides in a communication 
=e + appeared in your paper of January 21, 1878.— 
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charge of the improvement of | foods 


been one of the crying evils of the day; reports on 
metropolitan improvements teem with proposals for 
ameliorating a state of things that had become, from the 
loss of time involyed, more and more intolerable. This 
was ially felt in the main thoroughfare from Charing 
Cross to the . Plans from the time of Sir Christopher 
Wren, after the fire of London, to the present day, have 
been advocated, and, as something towards the solution of 
the difficulty, a river road raised on a Thames em ent, 
to form a collateral channel of traffic to that of the Strand, 
had for a peat its advocates, as proposed by J. 
Gwynne in 1766, and Sir Frederick Eden in 1798.+ The 
desire to palliate the evil induced the leading railway com- 
panies having metropolitan termini to push their works 
more and more towards the heart of the metropolis, and 
the numerous lines completed, in progress, or still proposed, 
all tend towards one common focus, endeavour by 
relieving the streets to obviate one commofi difficulty. 
The M litan and District Railway, or Inner Circle, 
about to completed, tends to the same end. Lord 
Palmerston, in 1825, during the debate on Colonel Trench’s 
plan, wittily compared the perils of a journey in a 
carriage from the west to the eastern part of the metro- 
polis to the confusion which followed the battle of Leipzic. 

The embankments now vompleted on the north side from 
Chelsea to Blackfriars, and from Vauxhall to Westminster 
on the south side, afford relief, and at the same time very 
materially increase the embellishment of the metropolis ; 
they take the lines laid down in 1840. The Em ent 
Commissioners’ Report of 1861 significantly stated : 

«Tf at any future time any effect should be produced on 
the river from the diminution of its capacity for tidal water 
by reason of the embankment, arrangenients may be made 
higher up the river by dredging, or by a tidal reservoir, to 
compensate for the loss. ‘The consideration, however, of 
this matter would naturally devolve on the Conservators of 
the River Thames.” 

They said they were not prepared to recommend a Surrey 
embankment, but that the work on the Middlesex side 
would not interfere in any way with its being carried out— 
a proposition transparent enough. The aiff culty is dealing 
with trade interests, which almost entirely engross the 
frontage. The question arises, are mud 8 to be perpe- 
tuated for trade , and whether the time has not 
arrived for modifying the system of mooring tiers of 
— in front of the wharves to take the ground as at 
present ? 

The well-being of the River Thames, the great wey of 
British commerce, is necessarily interesting ; that such a 
feeling has long predominated is shown by the numerous 
plans discussed during the last half century. Works that 
will regulate the breadth, increase the scour and depth, 
promote an increased range and duration of tide, are 
“rhe ree re weaver lar bet pared by’ Pliny t 

e a giver m com: ry" y to 
the life of man, and Denham’s well-known lines on the 
Thames contain a similar thought. 

The river from its rise at Thames Head, near Cirencester, 
in Gloucestershire, at a level of 376ft. above the sea, as 
reported before Mr. Coope’s Committee on Thames Floods 
ast session, and ppt, Slap Rivers Pollution Com- 
missioners 340 ft. above ce"datum, with an average 
fall of 2 ft. per mile, has been named the Isis, until its 
junction with the Tame or Thame 15 miles below Oxford. 
The i area above Oxford is about 600 square miles, 
and a rainfall of 2ft. 6in. would yield an average daily 
outflow of 716,057,280 ons. actual result, as 
observed at Wolvercot and Wytham, according to Phillips, 
ranges from 105,480,000 ions, the daily weather 
summer flow, to 638,964, gallons, the pe A eld during 
floods. The area of the catchment basin of the lower river 
above the tide, of 3676 square miles, yields 400,000,000 

ons as daily outflow, and the maximum has been 
rey Bony me at from 3,600,000,000 to 5,400,000,000 
= ily discharge ; but Professor Unwin, of 
7,610,260400 gallons. daily discharge through ihe Albert 

D A : ons ie 

Bridge, Windsor Home Park, with a surface velocity of 54 
miles per hour. This would be nineteen times the ordinary 
outflow, givi some notion of the vast vais of ex = 
3 an maximum discharge at Ki m by the 
Watér Supply Commissioners’ report of 1208 oconrred in 
1866, and amounted to 8,000,000,000 gallons daily. The 
outflow per diem per square mile in dry summer weather is 
ne to 175,000 gallons for the upper district, and 
112,500 gallons per square mile for the lower district. _ 
As the! u river, Mr. Taunton, the engineer 
of the es Severn Canal, has ascertained by 
gangings that the maxinram flood flow at Lichlade is 

enty-eight times its summer flow, or about 576,000,000 


* Paper read before the Society of Arts. : ® 
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ions per diem; and that to carry this off with a flood 
far of 2ft. mile, would involve a section for the river 


only 70ft. wide at the surface, 50 ft. at the bottom, and’ 


5 ft. , with a mean velocity of 205ft. per minute, or 
23 co vag hour. The level of high water at London 
Bridge is 4 ft- higher than at Sheerness, a length of 48 miles, 
and 1 ft. lower than at Richmond, a distance of 16} miles, 
and 1} miles below Teddington, where the first weir is 
situate, and which in effect is the termination of the tidal 
range (save under recent exceptional conditions), and where 
high water at spring tides is ordinarily 2ft. higher than at 
London Bridge. 

It cannot be too forcibly urged that the embankment of 
the Thames is no mere architectural question, one only of 
pictorial effect and embellishment, or even alone of affording 
accommodation to the traffic and trade of the metropolis, 
but that it is a work regulating one of the most powerful 
natural agents, a great river, whose facilities for commerce 
may be immensely developed, but that its natural conditions 
demand the greatest possible caution to avoid aught 
antagonistic to its welfare ; and no schemes within the tidal 
range that cannot be fully and entirely reconciled with 
measures necessary for the maintenance, nay, for the pro- 
gressive development and improvement of the river, 
which possesses a great and variable oscillation of tide, 
subject to no ordinary fluctuations, can be thought of for 
one moment. 

To enforce these considerations it is only necessary to 
glance at the days when the estuary probably extended 
above London, and to the various works by which this 
natural condition has been altered or modified. The very 
name of London has been considered typical, anciently, 
**Llyn-Din,”’ or town on the lake. As Cruden says in his 
history of Gravesend and the port of London, ‘‘ the primeval 
condition of the river as drawn by Sir Christopher Wren 
will reflect the picture that readily occurs to the imagina- 
tion.”” We find on this subject in the “‘ Parentalia,”’ that 
“the surveyor was of opinion that the whole country 
between Camberwell Hill and the hills of Essex might have 
been a great frith or sinus of the sea, and much wider near 
the mouth of the Thames, which madea large plain of sand 
at low water, through which the river found its way.”’ 
Ceesar calls it ‘‘ Alma,’’ and it was him to attack 
Cassivellannus day Book refers to its navigation 
and locks. Magna Charta contained provisions for the 
removal of weirs and obstructions. icts for its 
tion were issued by King John. Queen Elizabeth forbade 
cutting of wood, at first within 14 miles, and subse- 
quently within 22 miles of the river. Dupin commends the 
Act of 21st of James I., for rendering the Thames navigable 
from London to Oxford, as worthy the utmost attention. 
He also says, “‘in the years 1661-62 the House of Peers 
attempted, but in vain, to introduce a general Act for 
rendering navigable all currents water capable of 
answering the purposes of navigation.’’ And he directs 
attention to the fact that “‘ the basin of the Thames 
oceupies more than the eleventh of the territory of 
England and Scotland united ; on this eleventh part 
of its territory is accumulated the fifth of the British 
population.’”’ 

The report of the Committee of the House of Commons 
of the 17th of May, 1793, concludes by referring to a con- 
troversy of twenty years’ standing en oy OB proper 
measures to be enfo , as very detrimental to the public 
interest ; and the practice of “‘ flashing’’ was characterised 
as.‘‘ the infancy of artificial navigation ;’’ yet as recently 
as May, 1865, evidence was given before a Committee of the 
House of Commons as to the necessity of some check on 
** flashing,’’ or drawing water from the weir to float the 
cargoes ; and the practice is designated by the Commis- 
sioners on the Pollution of Rivers in their report of March, 
1866, as ‘‘ antiquated, rude, and destructive to the channel 
banks.”” The old lock dues were a of, professedly 
raised to keep the water back and help craft down. These 
inquiries led ultimately to the appointment of the present 
Conservancy Board, by which the management of the river 
from its source to the’sea was consolidated. 

The first bridge of timber at London, was built in the 
reign of King Ethelred, 993-1016, and in the last year 
Canute is said to have constructed a canal through the 
marshes south of the Thames, to convey his ships to the 
westward of the bridge, when he’ besieged London ; the 
site is conjectural—some have placed it between Rotherhithe 
and Chelsea Reach. The bridge was destroyed in 1136 by 
fire, but repaired. In 1163 it was.so ruinous that Peter of 
Colechurch commenced the stone bridge ; he was prevented 
by death or infirmity from completing his task, and one 
Isenbert was recommended by King John to the mayor and 
citizens, in the third year of his reign, who ap to have 
been independent enough to make their own selection, not- 
withstanding the royal testimonial, as the bridge was com- 
\— nn in 1209, under the supervision of Serle Mercer, 

illiam Almaine, and Benedict Botewrite, citizens. 

In 1280, seventy years after its completion, it was so 
ruinous that Edward I. granted his license to solicit cha- 
ritable contributions. These proving insufficient, letters 
wae were granted the following year for taking toll. 

6 decay arose mainly from a fire in Southwark, which 
spread along the bridge, and, in 1282, a severe frost and 
snow produced such ice and floods, that five arches were 
destroyed. In 1426, the draw-bridge and tower for defence 
was erected ; in 1582, the water works were constructed 
by Peter Morrice, a Dutchman’; in 1682, another fire de« 
stroyed forty-two of the houses that had been on the 

; @ numberof them were rebuilt in 3 and in 
1666, the great fire destroyed all the houses, and materially 
damaged the stonework. ‘The houses were again rebuilt. 
As early as 1722, the Lord Mayor published an order to 
preserve a clear over, and appointed three persons 
to see it carried out, one from Christ's Hospital, another 
from the inhabitants ef the ames Wena, and 
the third representing the bridge-master. this order 

coming out of the City were directed to! om on the 
east side, and those out of Southwark on the west side. 








In 1730 a survey was made, when it appeared the founda- 

tions were huge piles of ber driven close, together, 

covered with a timber floo: 10 in. thick;“on which the 

stone piers rested, 3. ft. below the starlings, and 9 ft. above 

the bed of the river. In 1746, it was resolved to remove 

y pm ee = cng ony Sage 17 

ct was applied for, for this purpose ; in 1757, a tem 

erected over the west starlings for the ‘traffic 


uring 
——_ of ~ racer in caer the — was, however, 
reo in a fortnight, a new tem ridge constructed, 
and the great arch subsequently Co. 

Great have resulted from the removal of Old 
London, riars, and Westminister Bridges. The 
effect is that whereas, in 1720, the flood tide during spring 
commenced 8 hours and 50 minutes before high water, now; 
at London pian, 5 it commences to rise 54 hours before 
high water, equal 1 hour and 25 minutes’ gain, or earlier 
tide ; the time of high water has also been accelerated, 
from 1213 to 1683 it: was reckoned three hours -after the 
moon’s transit, now two hours after ; in 1830 high water 
was one hour and three-quarters after Sheerness, now it is 
only one hour and a quarter later; equal a gain of half an 
honr in fifty-six years, due mainly to the removal of Old 
London Bridge, by which the transverse sectiotial area at’ 
high water was increased from 7300 to 17,600 sqnare feet. 
Low water has been lowered all the way from London 
Bridge to. Teddi Lock ;; 4 ft. at London Bridge, 
3 ft. 6 in. at Westminster, 2 ft, 6 in. at Battersea, and 2 ft. 
at Teddi . The normal high'water below London Bridge 
is ically unaltered; but it is raised 1 ft. at 3 
this added to the jon of low water, gives an in- 
creased range of 3ft: 6in. The current‘has been in- 
creased, and the. same quantity that formerly flowed over 
Teddington Weir, now flows through a smaller channel, - 
the result is, a lowering of the river bed. The tidal range 
and quantity of tidal ‘water flowing between London 
ae and Teddin; , is increased by more than one- 
fourth part, and all this is added to the scouring power 
below, and has. produced @ corresponding [progressive im- 

vement.of the:port of London, aided by a systematic 
redging of shoals. 

The failure of the foundations of old Westminster and 
Blackfriars Bridges resulted from the lowering of the river 
bed, which at the last-named |bridge, at the time of its 
failure, was from 6 ft. to 10 ft. lower than when the repairs 
were finished, abont thirty years back. Old London Bridge 
acted as.a lating weir, and kept the bed of the river 
up to the old level a’ bridge, and this being assumed as 
a constant quantity by the designers of the metropolitan 
bridges, an entirely altered state of things brought about 
the results we now see. 

At the old Westminster Bridge, Labelye first used in the 
Thames. caissons for founding the piers in which were 
floated out the first courses of mogmey, the bottoms, when 
the sides were di , forming the platforms for the 
foundation courses; a level area having previ 

for them. This naturally induced a superficial 
foundation, but was a manifest improvement.on the plan of 
building up to.low water by means of “‘starlings,”’ as 


piers were built on platforms supported on- piles, and the 
area surrounded by bulwarks of timber filled in with stone, 
which 80 much contracted the waterway. Vauxhall. Bri 
jiers were also founded by caissons, and those of 

riars Bridge by Mylne, but in the latter case on bearing: piles’; 
London, Southwark, and Waterloo Bridges, by Rennie, are 
supported by i iles with platforms, on which rest 
the piers, founded with the aid of temporary cofferdams, 
for the exclusion of water around them. The piles, where 


don clay, the latter squeezes up around the piers, .when 
relieved of the superincumbent mass of gravel ; ‘this: is. ob- 
viated by the modern appliances of cylinders and-cast-iron 
sheet piling, and where bearing piles are used, e driving 
of them much deeper than heretofore into the London cla: 
substratum. In illustration, the cylinders of the ro’ 
Terrace Pier, Gravesend, those of new Rochester Bridge, 
and the Charing-cross and Cannon-street railway biden: 
the cast-iron casing of Battersea suspension and West- 
minster Bridges, the cylinders of the Blackfriars!railway 
bridge, and ht-iron caissons of Blackfriars Bridge, 
ma; he a . och tai the hs 
ere is no direct mony regarding the original 
formation of the embankments of the lower reaches. _ Sir’ 
Christopher Wren, in the ‘‘ Parentalia,” suggested that the 
foreshores left on the recession of the tide were gradually 
raised by natural agencies ; this view being borne out, he 
thought, by the strata along the shores, and the existence 
at certain depths of beds of shell ; he thought that the work 
of embanking the Thames was too greatand difficult for the 
ancient Britons, that the Saxons were too much engaged in 
their continental wars to attempt it, and he was of opinion, 
like Dugdale, that the Romans were the authors of this 
> work ; the latter author suggested that neither the’ 
— nor Saxons = rer ord advanced cay . 

e importance main efficiently -the river 
banks, upheld by Comsiitiipners of Bowers appointed under 
statutes of Henry VIII., for the sewagé of lands and-con- 
servancy of the river wails, has been shown on numerous 
occasions by breaches occurring in the latter, casés of which 
are cited by Dugdale, more especially that of Hornchurch. 
The more ment oy of ] is bate wy ne Benn 
tually siopped genius of Perry, after 
remained poded for many ye to the destruction of land 
and deterioration“of navigation; evidences of both of which 
we now have in am Lake, some 40 ft. in depth} 
below the level of low water, and in the river in 
Hole and Shoal, formerly well known to pilots, the last now 
nearly removed .b i j in the former there was 30 ft. 


y dredging 
| at low water.close up to the foreshore. 





Long before Perry’s time, Sir Charles Vermuyden , the 
well-known Dutch. enginest; cole ove to this country 


space ;.in 1756, an | the 


bridge was 
during the i 3 this was burnt down just after the | - 


been | tions ‘shall be commenced 


at old don Bridge and others of that period, where the has 


only driven in the upper stratum of sand and gravel, are | 
readily undermined as the bed descends, and when, in Lon--+} 


during the reign of James I., who was the author of several 
otros parall Peckeue mtg dignensnel d confining 
lel em ents, by narrowing an 

the channel at high water, form an aqueduct, as the wa’ 

is then 6 ft. or 7 ft. above the marsh surface, which, during 

tide of November’, 1875, would have been 

12 ft. below high water. 
. To be continued.) 





FOREIGN AND COLONIAL NOTES. 


New York Elevated Railroad.—The three establishments 
which are mannfacturing the ironwork for the Gilbert 
elevated railroad of New York, viz., the Keystone Bridge 
Company, Messrs. Clark, Reeves, and Co., and the Edge- 
moor Iron Works, will receive about 1,000,000 dollars from 
their several contracts. 


Portuguese Railways,—The Portuguese Chamber of 
Deputies has voted 0 for the construction of a line 
from Beird to Alta. This new line will be about 125§ miles 
in length ; it will ma‘ reduce the railway distance 
between Lisbon and the frontiers of France. i 
authorised to undertake the construction of the new line 
should it be deemed advisable to adopt such a policy. 
ener and —_— ta I re Pardee and Co., 
ennsylvania, the owners Cranberry iron property 
of North Carolina, have determined to build a narrow 
uge rai from Johnson City, in Washington County, 
Fenwecsse: on the East Tennessee, Virginia, and Georgia 
Railroad, to Cranberry a distance of 33 miles. This will 
tap the largest bed of magnetie ore in the United States. 


Traction on Parisian Tramways.—It is rather a note- 
worthy fact that traction by horses has ion 
vy yon on the Bastille and Charenton section of the 

orth Parisian Tramways. A oral has been 
pursued this month upon the Bastille Mont se 
section of the southern Parisian network. Upon the last- 
mentioned section steam had been introduced since July, 
SS ages [wie steam was made over the section 
half an hour, now the time occupied is 35 minutes. One- 
sixth more carriages will thus be required to perform the 
same amount of work. 

American Dredging in Russia.—Mr. Levi Hayden, for 
several years hr superintendent of the Morris and Gum- 
ings Dredging Company, of ‘New York, has started for 
St. Petersburg to commence for the ee S represents 
the construction of machines, &., Lavoe mgs to dredg- 
ing a great sea canal through a w separates 
Cronstadt from the wptlonal capita) of Russia. This work 
is undertaken under a con‘ with the Russian Govern- 
ment, whose commissioners at the American Centennial 
Exhibition. observed American methods of dredging and 
now adopt them, The contract requires that the excava- 

the Ist of October next, 
be finished in 1883, alt h 


asa of good faith. The 
280ft., the depth 20ft., and thelength about ten miles. 
A leading feature of the improvement is the building of a 
"D i ” near St. Petersburg (with a central 
— a the whole is environed by smaller basins for 


it, and all the 
: have increased facilities for moving their 
. The engines and some of the machinery to be 
yed will be built in the United States. The contract 

as it now stands is for the removal of 3,750,000 cubic 
of mud, but the total is likely to be increased to 7,500,000 
. ‘The dredges are the ‘clam shell dredge’’ 
ing armed with powerful iron jaws which close upon 

each other when filled. 

Great Northern Telegraph Company.—The number of 
despatches transmitted by the Great Northern Te h 
se chaihured with 87,805 in the corresponding ‘period, of 
as com wi . in the correspo 
1877. The revenue acquired by the company to Fe- 
barmary feeb, Ais year, was 26,2051., as co with 
25,6971. in the corresponding period of 1877, showing an 
jncrease of 508/. this year. y 

wes for the Eastern of France.—The Creusdt Works 
have tel oll to supply the Eastern of France Railway 
Panneny th the tyres required upon its system dari 
the five years. The tyres are to be supplied a 
121. 58. 6d.-per ton. 


The Belgian Iron Trade.—Rather more activity prevails 
i establishments. The Aeon 


in the Belgian metallurgical 
ay Com has-resumed the manufacture of girders 
ati Ohdtelinesn rolling mill. 


Steam. Power in Prussia.—The use of steam power has 
York Aggeany eatended in Prussia during the last few 
years. Thus. the aggregste force at Ten eave Sains 
icing th ia in i was 167,08 Sees pawes the 
corresponding force had grown in 1875 to 685,559 
horse power, am increase of 347 per cent. in the 
14 years under review, Railway engines are excepted from 
the comparison in each year. . 

The Danube.—It is t 
Russians closed 8 mouth of 
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METALS. 
£ 


ANTIMONY Og (perton)— 12 
Regulus (Star) ...coceccvree $0 


Base (per lb.) — s, 
Skeets 


8 
° 
° 
4. 
4B XDA ccccscrscsseres 8 9 
of 


Yellow metal seccrvsercnee 
OasTines, TYNS AND CLEVELAND 









(per ton)— & 6. 
— - ee me mae ) 
Ohairs .... ° $s 15 
PUPS reccsorscssersessereceveres 4 US 

OoprsR r ek 
Chili bar 7 64 +o 
10 
10 
° 
cose . wa 
Bottouis....... eee - § o 
Ison Ons Sh s. d. 
Bed hei te, British & 6 
1 oO 


I on Pie Poll —— 
Bassow He. 3 wcccceccecceces 64 





Other qualities ececceseeee: 
Welsh (South Waies) .. - 2 
» (North Wales) .., 


Scotch Pig— 
G.m.b., At Glasgow... $2 
Gartsherrie , 


eesesecceccerves $8 














Glengarnock, at ar- 


GPOBSAD ..,.ccccecerresrenres $7 
Eglinton, “ditto 
Oarron, at Grangemouth $ 
Ditto, specially selected Fb 
Bt LAID crccercecsee 
"ness 





wn 
& 
eccce™ Foaccenn eocoeoceooe nt e@eccoceocece oo 





at Bo eoegecce tt. 
(The above all delivera’ 
5. 
FOF On One eee ree eee 6 
oe oe Staffordshire ,,,... ‘2 
ae eke T by 60 
re Thorna o 
Hacdaie Nos, Land Pie go 
Iaon, Waovant— 2 s. 
Cleveland ae. scoceercons 8 © 
P eqeeccccerce «66 § 88 
. addled bars... $1 
© oller plates. 7 § 
” seeseeses | 1° 
pat ship plates. eoeee 5 
BROCE... 00000008 10 
Scotch DATS nco.sccscceerennes 5 
FOES .rcccose sss 9 © 
7 1 
8 @o 
9 0 
ho a cece 8 OC 
Welsh rails §.W. $ to 
» bars 6 6 
»  bdoiler plates, §.W e ° 
oops, SW. + sees e 
Leap r ton) — 
sa Raat wo ecsccnccocce 87 30 
1 to 
Spanish ™ os ae 
Beet .,,...reerecrseressecvceree 18 3S 
PHOSPHOR ‘Baoxss— 


(POT CWE.) rrcccccsererereree § 12 
paar (per bottle) 7 


Sorap ( )— 
Old rails 1~ re-manu- 
PACTUTO aecrcsscssecseceorece 4 © 


SpgLTeR (per ton)— 











esian, ordinary ........ 18 10 
S?1RG ELEISEN (per ton,— 

Best 6 «o 

o s ° 

STSBL (per on) 

Beat Cat... .seccrseeres 4 6 Oe 

oo 

33 © 

™4 © 

co ° 

28 10 

66 e 

9 10 

9 10 

2 oi 

” INZows ..n.caene 9 © 


STesr Castines (per cwt)-- 
Hydraulic cylinders in 


: 
/ 
> 


sneeseeeesceseeereeees 30 =O 


“aoh cos “a 
SuoF ze? eo? 


- 
~ 


eoP cooees 


— 
eooecoosoa™ eeooceoece 


eooo 


» 82unee 
ba elccon oo 


o 
ouwe 


- 
SH ADO = OBO OW OME 


= 
= 
eecooce 


-— 
eooou 


“—. = a 
@neoceseoccoce so ~ 


coon 





STEEL CASTINGS —Continued 8. 
Side cranks, heads, 


cross 
crane w 
slides, &c.., 

Tumbler bars and “other 
castings for wenn 
PULPOBOS .”, .oereerereeeee 

Swepise [Ron (F.o.b.) at 
Gottenburg — 


88 OOO Oe FOROS COE SEE COREE OEE 
Bar eee veseeeseecsereeses 
” eassenaceese 


Tcw (per ton) — 
Susite 


English refined 





Tin PLATES (per box) — 
charcoal .. 


ZINO (per ton) — 
Sheets, English ........0.+ 
Wias, Fencing ...-+..... 


» Telegraph @eivan’ 3) : 
COALS AND 


OOoALs ton)— 
Bristol ..occcccorsvssesececess 
Derbyshire .., 1.000000 
Newcastle end Durham eee 
Staffordshire coeccccoeceeooe 
Welsd  ....c00 eon 
Vorkshire....cccccsccscoscsses 
Coxks— 
Durh 








OILS, GREASE, Sa LUBRIGATONS 
£ 


OILs (per tan) ., voveeesss 
" a on 


Sperm head soecee 
hale, PB10..0..cccccccceeee 
90 FOMOW scoccccceccccee 
” WD scosceccesseees 
GLU 00, se sceresseereersssensenses 
PsTRoLeumM— 
Fine (per ‘ wamnd eeeceeees 
” spirit... FOF 008 C08 COR tHe 
Pircs een er owt)— 


cos sewooncceson sogonoue’ 






Bri h 
PLoMBago (per cwt.)— 
OCoylon LUMP  ..rscrrereeeeee 


» chips ... 
90 ABBE cocce -crccecceees 








RalLwar ee (per - 


CWt.)—B0se'S ...0000.0000 
Pritchard, Otter and Co.’s 


Resiy (per owt.)— 
pet dy eee cee ceseceeeeoneces 


TALLOW (per cwt.) 
Ni. AMECTICAD ..cccseeeseeee 
8S. American beet .. . 

ve ove 










shee 
Australian . 


ae Seemann ~% 0. ia 
town 

Bosgh, Engliat’ ni A 

Tan—Stookholm (per bar.) 

TURPENTINS—Spirit— 


American (casks) ...., eens 
WIPINGS, engine (per cwt., 





CHEMICALS, 


ACIDs— 
Aquafortis (per Ib.) ...... 
s phuric acid (per ib) 
Sulpharic acid, brown ... 
Ammonia — Muriate (per 
ton 


aeeeeeeeseeeeeeeenee seeeeees 


ARSENIO— 
White, lamp (per ewt.) ... 
Powdered (percwt.) .. 
| eyes wder percwt 
ed (per cwt.) 
Semaecon (per ton)— 
Rough .... 








CWE.)  revcrerscsccsececersocee 
LEAD, SaLTS, &0., (per owt.) 
Acetate, best . 





LITHARG c 
PoTasE—| (per 
B.) ncoececcreccccccconcnsoeces 
SALTPETRE 
lish ow 
Sopa cecceccesccenesees 


se OF BRAS 2... .2ccccccveeees 











CF coeooPSecec 


COO @ Be ow 
eeacoecco 


eo 2e™e eoococe 


° eva 


en enec0omea0cd0s 


dete 


ase 


oSSPooa0™ oF 222° 


ore 


885 ¢ &s 


eacea * eaoces 
ee ew 


ecounF coooPoeeoeco 


eveoeaneano fe 


6 
° 


9 
7% 


eo oaneoecocceo 


oo 


ewes g eScam ofo SSA PomceP on gnman 








TIMBER, re &e. 


LONDON 
standard) 
Archangel! lst — ooeees 


d seeeee 
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REPULSION FROM RADIATION. 

Havine in former articles given a general outline 
of Mr. Crookes’s research from his first discovery of 
mechanical motion produced by radiation to his more 
recent experiments for determining and illustrating 
the theory of the action of the radiometer, which is 
perfectly consistent with the now accepted kinetic 
theory of gases, we come to the more special me- 
chanical effects produced by rays of radiation of 
various degrees of refrangibility falling upon the 
vanes of the radiometer as well as the effect upon 
the phenomena of coating the vanes with various 
coloured chemical substances. 

The apparatus employed by Mr. Crookes for 
measuring the amount of repulsion in various parts 
of the spectrum was almost identical in construction 
with that used in his earlier experiments, which have 
been described, and consisted of a torsion balance 
suspended within a horizontal glass tube by means of 
a fine glass fibre from the upper end of a smaller tube 
rising from the horizontal tube at the middle of its 
length, so that the general form of the apparatus was 
that of an inverted T. The lower tube was like a 
test tube, sealed off at one end, the other end being 
ground perfectly flat, so that it could be hermetically 
closed by a small plate of glass. The beam con- 
sisted of a fine capillary tube of glass carrying a 
small square of pith at each end 13 millimetres 
square, and blackened on one surface, and the weight 
of the whole beam as suspended with its pith plates 
and a mirror at its centre for indicating its deflection 
was only 1.761 grains. In front of the mirror, as well 
as in front of one of the pith ends, but on opposite 
sides of the tube, circular holes were blown, the 
edges of which were ground flat, so as to be capable 
of being closed by plates of glass, quartz, rock-salt, 
alum, or other transparent substances, and the whole 
apparatus was connected by glass tubing to a 
Sprengel pump, by which its contents could be ex- 
hausted to any degree of rarefaction. The torsion 
balance was firmly supported on a bracket attached 


to the wall of the laboratory, so that vibrations of | P 


the floor were not communicated to the apparatus ; 
and in order to preserve the whole at a uniform 
temperature, nl todo away with air currents, it 
was imbedded in a large mass of cotton wool, 
spaces being left large enough only for the ray 
under examination to pass to the pith and for the 
beam of light from the scale lamp to pass to and 
from the mirror; whilst around the outside of the 
wool packing were placed a double row of Win- 
chester quart bottles filled with water, which on 
account of their mass would be slow to be heated 
or to be cooled, and so would help to maintain a 
uniform temperature within the balance. 

A ray of sunlight was reflected by a heliostat on to 
the first of two prisms, passing on its way through a 
vertical slit and commutating tube; from the first 
prism it was refracted on to a second, and thence 
through lenses on to a large screen having a narrow 
vertical slit in it, so as to allow only a small portion 
of the spectrum to fall on to the torsion balance. 
The prisms and slit were fastened to a stand which 
was centred below the prisms so as to admit of its 
being turned through asmall angle by which a beam 
from any part of the spectrum could be thrown on 
the pith surface. 

With this apparatus a long series of experiments 
were continued. The results of one of these ex- 
periments, which may serve asa type of the series, 
are given in the following Table. (The letters refer, 
of course, to the names of the dark lines by which 
the portion of the spectrum is identified) : 





Portion of Spectrum thrown} Deflection of Spot of Light 
on to Pith. on Screen. 





millimetres. 
Ultra-red 35 
”” 133 
” 170 
” 190 
% 127 
A 


B 
Between C and D 79 
> a” 76 
” 4 » E 59 


F 
Between F snd G 14 
”? ” 13 


, 29 12 
? H 9 








The diagram, Fig. 1, is an approximate illustra- 





tion by means of a curve of the intensity of re- 
pulsion at different portions of the spectrum. It 
will be seen that from a point situated in the in- 
visible rays at the red end of the spectrum, the 
curve rapidly rises until it attains its maximum at a 
point in the ultra-red rays close to where they become 
visible ; it then falls more slowly than it rose before, 
until at a point between the sodium line D and the 
line E itis only half the height of its maximum, 
from which it continues to fall more and more slowly 
in a sort of parabola until it is lost among the 
invisible rays at the violet end. 

When a screen or glass trough containing water 
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is interposed between the source of radiation and 
the movable disc, it cuts out of the disturbing 
influence all the ultra-red rays and that portion 
of the visible rays to the left of a point 
near the line A, but by dissolving a very small 
quantity of copper sulphate in the water, only 
enough to give to the solution a bluish tinge, the 
portion of the spectrum cut off is extended well 
into the red, the limit lying between the lines B and 
C. In the diagram the portions of the curve to the 
left of the two vertical lines respectively represent 
the amount of repulsive influence eliminated from 
the phenomena by the interposition of screens of 
ure water or of an —— solution of copper 
sulphate. All effects indicated by that portion of 
the curve to the right of either of these lines 
(especially the right-hand line), come from the 
luminous and non-calorific portion of the spectrum, 
and may be said therefore to be due to “light” in that 


special sense, while those indicated by the curve | P® 


to the left of the maximum are due to what Mr. 
Crookes calls ‘‘ dark-heat.” 

Experimenting with various screens Mr. Crookes 
found that alum acts in a similar manner to water, 
being almost opaque to the invisible heat rays of 
the spectrum, while coloured solutions act as water 
with a superadded action due to their colour. Thick 
— of glass have less influence on the invisible 

eat rays than a thin layer of water, and an exces- 
sively weak solution of copper sulphate even in a 
thin layer has a very strong action on the red end 
of the spectrum, especially when artificial light is 
used, 

From a comparison of the following figures, which 
represent the dynamic value of coloured rays, it will 
be seen that the mechanical action of radiation is as 
much a function of what are called the luminous 
rays as it is of the dark-heat rays. 


Colours. Dynamic Value. 
Extreme red... ade na ie 85 
Orange aes oes ote cee 66 
Yellow - a ai an 57 
Green... eco ‘ze Ma io 41 
Blue ... ued ae ioe ese 22 
Indigo se ove ooo ose 8.5 
Violet nee ose yes bas 6 


Ultra-violet ... ss old oe 5 
If the refrangibility of a ray be by any means 
changed it must move either towards the red end or 
towards the violet end of the spectrum; in the 
former case it is said to be degraded in refrangibility, 
and therefore partakes more of the character of a 
heat ray than it did before. It is probable that the 
black surface of the vanes in a radiometer may have 
a degrading action on the refrangibility of rays of 
radiation falling on it. If it were perfectly white it 
would reflect the ray back again, nothing would be 
lost, and therefore no work could be performed, but 
if it be black, radiation falling on it is absorbed 
or quenched, and Mr. Crookes in a paper read before 
the Royal Society* in February, 1866, asks, What 
becomes of this ray when it is quenched? And he 
suggests the probability that it is degraded in re- 
frangibility becoming thermometric heat, its energy, 
in whole or in part, being used up in raising the 
temperature of the dark body, and so produces a 





~ # Philosophical Transactions, vol. clxvi., page 362. _ 





molecular disturbance in the residual gas in contact 
with it. Thus, while it is undoubtedly an action of 
heat that presses the vanes round, the radiation 
which reached those vanes from its original source 
may have done so in the capacity of light. 

Mr. Crookes’s experiments upon the action of 
radiation upon vanes coated with various coloured 
substances form a very interesting and elaborate 
series from which were deduced some remarkable 
results, ‘The apparatus employed in this branch of 
the inquiry is illustrated in Fig. 2, and consists of a 
torsion balance, similar in some of its details to that 
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last described. To one end of the beam, whichis of 





























straw, is suspended a vertical rod carrying six ex- 
rimental discs, one below the other. Atthe other 
end of the beam is a scale pan W, into which may be 
placed small weights to balance the various weights 
of the discs submitted to the action of radiation 
These weights can be changed through the open end 
at Q, which can be closed by a plate of glass, and 
the rod carrying the discs can be lifted out through 
an opening above them which is closed by the plate 
P. M isa mirror, which by reflecting a beam of 
light on to a scale indicates the angular displacement 
of the torsion beam which is suspended from the top 
of the vertical tube by a fine fibre of glass. The top 
black disc A is never changed, but serves as a 
standard of comparison for the others, and by an 
or arrangement of screens and stops a beam 
of radiation can be allowed to fall upon any one disc 
selected for examination. The while apparatys is 
sealed up in glass, and is connected with a Sprengel 
pump anda McLeod gauge, so that any degree of 
exhaustion can be attained and measured, The ap- 
paratus has of course to be re-exhausted after each 
opening of the glass doors, but by means of the 

cLeod gauge, and by bringing the repulsion of the 
standard disc always to the same amount, the ex- 
haustion of the apparatus can be brought exactly 
to the same degree, so that all the conditions under 
which the different discs are tested are the same, and 
therefore repulsive actions of radiation on each can 
easily be compared. 

Up to the “critical point,” to which we have re- 
ferred ina previous article, the higher the exhaustion 
the greater is the difference in the amount of re- 
pulsion on variously coloured discs. At atmospheric 
pressure there is practically no difference between 
the action of radiation on a white and on a black 
disc, but Mr. Crookes found that when the exhaus- 
tion is good enough to allow of repulsion the ratio 
between the amplitude of swing when the black 
disc is exposed, and that when the white disc is ex- 
posed, is as 100 to 55.5; ata little higher exhaustion 
the ratio is as 100 to 42.5, and at a still higher ex- 
haustion (that is to say, at the pressure usually 
adopted in a radiometer), the ratio becomes as 100 
to 35.* These experiments form an interestin 
link in the chain of evidence respecting the influence 
of the residual gas in the action of the radiometer. 

In the same paper in which these experiments are 








* Proceedings of the Royal Society, vol. xxvii- page 30. 
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recorded, which was read before the Royal Society 
last January, and of which we published an abstract 
at the time.* Mr. Crookes describes a long and 
elaborate series of experiments upon discs coated 
with various coloured substances. The results were 
given in fourteen Tables, showing the amount of 
repulsion observed for each substance when no 
absorbing screen was interposed and reduced to the 
standard of 100 for the top lamp-blacked disc, and 
showing also the effect of radiation falling on the 
same substances after having been filtered from the 
ultra.red rays by being passed through a water-screen, 
the results being reduced to the same standard. 

With black substances the average value of the 
effect of radiation as compared with lamp-black was 
92.2 to 100, the interposition of water bringing the 
average to 99.1. White substances have an average 
repulsive value of 33.5, which is reduced by a water- 
screen to 8.3. As the effect of a water-screen is to 
cut off almost all the ultra-red rays, it follows that 
the action produced by radiation from the naked 
flame is 7 due to the absorption of the invisible 
heat rays, showing that substances which are 
optically similar may be thermically opposite, and 
further experiments have shown that (using the 
words “ black” and ‘‘ white” in the sense of absorb- 
a Se reflecting radiation respectively) there are 
substances which are optically ‘‘ white” while they 
are thermically “ black.” 

It is a curious fact that, of all substances experi- 
mented on, the peroxide of Mr. Crookes’s 9wn 
metal, thallium, which is a brown body, is repelled 
under the influence of radiation to a greater extent 
than any other substance, its value being 121.7 as 
compared with lamp-black 100. It is not often that 
an inorganic body presents so pleasing an example of 
filial gratitude and support towards its discoverer, 
and we can only hope that the results of many more 
= ge Crookes’s researches may prove as dutiful to 


Mr. Crookes divides the substances experimented 
upon into two classes, (1) those in which repulsion 
behind a water-screen is greater in proportion to 
the standard than when no screen is interposed, and 
(2) those in which the repulsive action is /ess with 
a water-screen than without. The first of these 
classes includes the following substances: Copper 
tungstate, saffranin, scarlet selenium and copper 
oxalate, which are more affected by luminous rays 
than by dark heat, The second class embraces 
green chromic oxide, persulpho-cyanogen, hydrated 
zinc oxide, barium sulphate, and calcium carbonate, 
which substances are more acted on by the ultra- 
red rays-than by luminous radiation. 

Mr. Crookes has constructed some very interest- 
ing radiometers, embodying in their action the 
properties of these two classes of substances ; thus a 
radiometer made of pith discs coated on one side 
with precipitated selenium, and on the other with 
chromic oxide, moves in one direction when a layer 
of water is interposed, and in an opposite direction 
when the screen is removed. Another instrument 
coated on alternate sides with saffranin and hydrated 
zinc oxide is not influenced by the naked flame of a 
candle, but is repelled when a water screen is inter- 
posed, while a radiometer coloured by thallic oxide 
and Magnus's green platinum salt acts in the contrary 
way, rotating when no screen is interposed, but being 
“es by the interposition of a layer of water, 

t is impossible to see these beautiful experiments 
without being struck with the idea long ago acted 
on by Mr. Crookes, that light and heat, although 
producing widely different physical effects, are but 
special conditions of one and the same thing, which 
for convenience he has called ‘ radiation,” that these 
conditions are overlapping and continuous, and that 
both or either are capable of producing mechanical 
action when all the necessary conditions are fulfilled. 
It is an interesting fact that more recent experi- 
ments only tend to confirm the truth of many of 
Mr. Crookes’s earlier speculations which brought 
upon him the antagonism of persons who never had 
any special training for matters of physical inquiry, 
or who had but scanty opportunities cf studying the 
subject. 


INSULATORS FOR AERIAL TELEGRAPH 
LINES. 

At the ordinary general meeting of the Society 
of Telegraph Engineers on Wednesday, March 13th, 
a mg and comprehensive paper on this subject b 
Mr, J. Gavey, of the Postal Telegraphs, was rea 
The paper dealt first with the principles which 











* See ENGINEERING, page 68 ante. 


should be followed in designing or selecting an 
insulator for land lines. These relate to the material 
of which it is composed, and to the form it is made 
to take. The substance of an insulator should be 
homogeneous in texture, non-porous, so that it 
cannot absorb moisture, and susceptible of a high 
polish, or capable of taking a smooth, glazed 
surface, so as to retard the accumulation of dirt in 
the first place, and admit of its being readily re- 
moved by rain or hand cleansing in the second. It 
should not be subject to deterioration either on its 
surface or internally through electrical or atmo- 
spheric causes, such as rain, frost, acids, and changes 
of temperature. It should be readily moulded into 
any required form, and able to retain its form 
rigidly. It should be as little hygroscopic as possible, 
so that there may be little tendency for moisture to 
condense in a conducting film upon its surface, It 
should be tough enough to withstand rough 
handling, and strong enough to bear the maximum 
stress brought upon it by the line without rupture. 
In order to show how difficult it is to expel moisture 
from porous minerals, and even those not usually 
considered such, Mr. Gavey cited some experiments 
which he had made. Specimens of Bath oolite, 
alabaster, red lias, red sandstone, common sand- 
stone, &c., were cut, washed, and heated over an 
iron stove for six hours, until they were so hot as to 
be intolerable to the touch. On being then tested 
for their conductivity it was found that the Bath 
oolite and alabaster were practically insulators, 
while all the others, and notably the red sandstone, 
gave passage to a considerable current. A further 
exposure to similar heat (temperature not given) for 
eight hours on the following day still showed that 
the stones retained some moisture, the conductivity 
being measurable on all except the Bath oolite, 
alabaster, and commou sandstone. The heating was 
continued until all traces of conductivity disappeared, 
but only after a lengthened exposure to a tempera- 
ture sufficient to decompose the alabaster. The 
peculiarly hygroscopic nature of red sandstone is 
pointed out by these experiments; and they support 
the assumption, which few will doubt, that no ordi- 
nary temperature in this country can wholly expel 
absorbed moisture from a porous substance, 

Owing to the qualities demanded, but a few 
materials have been employed for the manufacture 
of insulators. These are glass, porcelain, earthen- 
ware, ebonite, and wood saturated with insulating 
compounds, Glass, which is still used in the dry 
climates of North America and Switzerland, was 
early abandoned in this country, partly because of 
the film of damp which readily gathered on its sur- 
face, and partly because of its brittleness under 
variations of temperature. Were it not for these 
objections, glass is well fitted for insulators. 
Porcelain has largely taken its place, and when well 
manufactured, so as to be homogeneous and non- 

orous throughout, it is perhaps the best material 
hitherto employed. The principal defect of porce- 
lain is its pelbtioness and liability to minute flaws 
produced in baking ; so that great care is necessary 
in testing and selecting porcelain insulators. It is 
hard or soft according to the kind of clay and pro- 
portion of powdered flints used in its manufacture. 
Each maker has his own recipe for compounding 
these, which is generally kept a trade secret. Berlin 
orcelain is very fine in quality and extremely hard. 
t is probably higher in specific resistance than 
English porcelain, which is the softer; but the latter 
is high enough for all practical purposes. It is the 
surface leakage rather than the specific conductivity 
that is most important in a sound insulator, what- 
ever kind of porcelain it be made of. There is no 
evidence to show that the softer kinds deteriorate 
more rapidly than the harder under electrical or 
atmospheric influences. A properly mixed and well- 
burnt insulator will show a smooth conchoidal frac- 
ture and a homogeneous texture. Low insulation 
resistance in porcelain is generally due to the flints 
not having been ground fine enough to make, with 
the other constituents of the porcelain, a smooth 
paste; to firing which is insufficient to fuse the 
flux ; or to excessive firing, which makes the ware 
spongy. When the flints are not ground fine 
enough, the fractured surface, seen through a lens, 
resembles the section of a chalk-pit with its inter- 
mixed flints. Stoneware, which aot been employed 
to a considerable extent in this country, is rather 
more variable in character than porcelain, but if 
carefully selected, moulded under pressure, and 
well burnt, it falls little short of porcelain as a 


which appeared so promising, and was extensively 
tried, failed through surface deterioration owing to 
the sulphur forming sulphuric acid on exposure 
to the atmosphere. This fact renders it useless for 
outdoor purposes; but, as Mr. Gavey did well to 
point out, could this defect be overcome it would 
be very valuable as an insulator on account of its 
high insulating qualities and its small affinity for 
moisture. Wood saturated with resin and other 
insulating substances has been tried; but it is 
doubtful whether all moisture could be sufficiently 
well expelled from it, and the insulator injected so 
as to give a high enough insulation. 

Taking the resistance of a sound insulator as 
approximately infinite, the practical conductivity 
arises from the deposition of a film of moisture over 
its surface. Since the resistance of a conductor 
varies directly as its length and inversely as its 
section, it follows that the resistance of an insulator 
will depend on the distance between the point where 
the wire is attached to it and the point where it 
is affixed to the pole, and also on the thickness of 
the film multiplied into the mean circumference of 
the insulator. Assuming the thickness of the film 
to be a constant quantity for the same material, 
the resistance of each insulator will vary directly 
as its length, and inversely as its mean circum- 
ference. This law applies strictly to simple 
cylinders only, for in complex forms disturb- 
ing causes are introduced. The theoretical condi- 
tions regulating the design of an insulator are 
therefore given by Mr, Gavey as follows: The 
maximum resistance should be obtained by any of 
the various means which may be suggested, viz., by 
increasing the length to be traversed by the current, 
whilst diminishing the section of the conducting 
film ; by the retention of a dry surface on one por- 
tion of the insulator, either during heavy rains, 
mist, or fog, or if possible under all circumstances ; 
by the adoption of a form that will not aid or retain 
deposits of dust, soot, or other materials, which if 
not conductors per se act very injuriously by retain- 
ing and increasing the thickness of the moisture 
films ; and also one that will not foster accumula. 
tions of the cocoons of — and other spinning 
insects. The insulator should admit of its surface 
being readily washed naturally by heavy downpours 
ofrain, and of thoroughcleansing in allits parts when 
necessary by the lineman who has charge of the 
length. ‘The construction should be such that the 
partial or entire fracture of an insulator should not 
necessarily interrupt or materially impede the work- 
ing of the line. It should admit of the conductor 
being readily and firmly attached to it, and should 
be so constructed that ifa wire be broken in one 
span, the insulators on each side of the break should 
retain the fractured wires, and not allow them to 
run back; and, finally, it should be readily attached 
to and removed from the supports or poles without 
the aid of highly-skilled labour. 

The first insulator used in this country was, as 
Mr. W. H. Preece mentioned, a common goosequill, 
but this was soon found inadequate. Then rings of 
india-rubber and of earthenware were tried, and 
various improvements effected so as to raise the 
standard of insulation, until Mr. Latimer Clark in 
1856 introduced, upon the lines of the Electric and 
International Telegraph Company, his porcelain 
invert, ‘‘the parent of a whole generation of the 
modern forms at present in use.” This was the 
well-known inverted double-cup insulator, with a 
deep groove in the top to carry the conductor, 
and supported on a vertical pin. These were sub- 
sequently superseded by Varley’s double-cup 
earthenware insulator formed on the same plan, but 
with the two cups in separate pieces, which were 
cemented together, so that a flaw or fracture in one 
would not necessarily destroy the insulating power 
of the whole. This insulator, and a double-cup 
porcelain insulator, have been until recently exclu- 
sively employed on all main circuits in this country, 
while single-cup insulators of porcelain and earthen- 
ware have been found sufficient for branch circuits. 
They are all supported by galvanised iron bolts 
cemented into the interior cup of the insulator at 
the one end, and provided with a thread and nut 
for fastening to the bracket of the poles at the 
other. Recently, however, a double-cup insulator 
of a lengthened form, and attached to the bolt by 
means of a female screw in the interior of the 
cup fitting a corresponding thread at the upper 
end of the bolt, and with an india-rubber washer, 
has been introduced on the long circuits of this 








material for insulators, and being less conspicuous, 
is not so liable to be damaged by missiles. Ebonite’ 





country, the new duplex and quadruplex systems 
rendering it more than ever necessary to keep the 
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state of the lines as constant as possible. This 
insulator has the important advantage of being 
readily unscrewed so as to be cleansed and tested at 
intervals. 

In Germany, Russia, Sweden, Denmark, Italy, 
Ss , and in India a form of Clark’s porcelain 
invert is still in use. Within the last few years 
France has adopted a double-cup insulator for long 
lines, and a single-cup for short lines. The 
American glass insulator is in the form of a single 
cup fitted with a female screw in the interior, and 
fixed to the pole bya wooden pin, The ‘‘ Kenosha” 
insulator of white wood, impregnated with insulating 
fluid, and protected by a metal cap, is also largely 
used in America; so is the Brooks insulator, which 
consists of a cylindrical iron case, in which is in- 
serted a blown glass bottle, which carries a hook in- 
side for holding the wire. Itis claimed for it that a 
blown glass surface is particularly well fitted to ward 
off deposits of dirt. 

Having stated the theoretical conditions to be 
aimed at in the construction of insulators, and the 

ractical application of them in different countries, 
Mr. Gavey next considered how far we have suc- 
ceeded in reaching a satisfactory pitch of perfection 
in this direction, He gave some interesting general 
results deduced from experiments (conducted at the 
instance of Mr, W. H. Preece on some newly-erected 
lines), showing the secular variations of insulation 
resistance in this country. From these it appears 
that what may be called a wave of moisture rises 
over the surface of the land every twenty-four hours, 
having its maximum near midnight and its minimum 
at noon ; and that the insulation of our aérial lines, 
which is generally low from 7 A.M. to 9 A.M., becomes 
a maximum at from 1] A.M. to 3 P.M., then abruptly 
falls, reaching a minimum between 7 P.M. and mid- 
night. It also appears that very abrupt changes of 
insulation take place, the resistance sometimes drop- 
ping from several megohms to a fraction of a 
megohm per mile in the course of an hour or two; 
and that the agreement between the insulation and 
the humidity, as ascertained by the wet and dry 
bulb thermometer, is so very close as to make it 
probable that an extended series of insulation read- 
ings would form a more accurate register of the 
degree of moisture over a tract of country than the 
ordinary hygrometrical observations. All the kinds 
of insulators we have mentioned, and those forms 
more or less modified which have sprung from them, 
are liable to these resistance variations due to vary- 
ing humidity. After lengthened exposure they all 
show a great falling away from the high resistance 
they offer on being first set up, and any others made 
on the same plan must from their nature do the 
same. A new departure must be made, Mr, Gavey 
thinks, if the standard of insulation we have now 
attained is to. be markedly improved. When first 
set up, in ordinary rain the outer cup is quite 
wetted, but the only moisture on the inner is that 
deposited from the moisture of the air. In time, 
however, dirt gathers, which besides conducting in 
itself increases the thickness of the moisture films ; 
and this process goes on until it becomes necessary to 
cleanse the insulators throughout, when for a short 
period it recovers its high standard, only to lose it 
again as the dirt returns. Perhaps the best results 
on the present system, Mr. Gavey thinks, would be 
obtained by a plain cylinder of small diameter, say 
din, or 4 in., and of ordinary length a to 
Andrews’ new porcelain form), but porcelain is un- 
suitable for carrying out this plan, because its weak- 
ness necessitates the cylinder having a considerable 
diameter ; if such a form can be given at all, it will 
probably be through the medium of one of the 
hydro-carbon insulators. 

A new line of departure has, however, been re- 
cently taken by Messrs. Johnson and Phillips. These 
gentlemen, adopting asa principle the need of having 
a br sg of the insulator in a constant state of in- 
sulation so high as to mark the variable portions, 
have endeavoured to attain this end by providing a 
well in the interior of each insulator filled with oil 
which resists the formation of a film of moisture on 
its surface. This well is formed by curving the lip 
of the inverted cup inwards, so as to form a channel 
all round the interior of the cup, this channel being 
filled up with oil which effectually cuts off the outer 
surface of the cup from the inner, that is to say the 
wire from the ee me by an insulating zone of oil. 
It has been found that the insulation depends a good 
deal on the kind of oil employed, and resin oil has 
been found the best as yet. The resistance of this 
insulator is very high, but Mr. Gavey did not find it 
so high asthe inventors had found it, probably be- 





cause of the kind of dil heemployed. However, that 
may be, Mr. Gavey justly remarked that Messrs. 
Johnson and Phillips deserved the thanks of the 
profession for diverging from the beaten track into 
anew line of improvement. The discussion on the 
paper was adjourned until the following meeting. 


JULIUS MAYER. 

ANOTHER of the foremost men of science has dis- 
appeared in the person of Julius Robert Mayer. 
his eminent physicist was born at Heilbronn, in 
Wiirtemburg, on November 25th, 1814. He received 
his early education in the Gymnasium of his native 
town, studied medicine at the University of Tiibingen, 
and thence proceeded to Munich and Paris. 
1840, he went out to Java. The summer months 
were spent in the capital town, Batavia, in the 
exercise of his professional duties. It was here that 
he conceived the first idea of those investigations 
which, two years later, were to cause such a stir in the 
scientific world. Having to bleed a patient, he was 
struck by the bright-red colour of the venous blood. 
The observation would have been lost on an ordinary 
physician ; but Mayer’s was a subtle and reflective 
mind. He returned to his native city, and eagerly 
followed up the subject which had now quite 
absorbed his thoughts. He soon came to the con- 
clusion that the colour of the blood depends upon 
the degree of oxidation, and that therefore in warm 
countries the blood should be of a brighter tinge 
than in those whose climatic conditions do not con- 
tribute to the maintenance of the natural heat of the 
body. This led him to inquire into the relation which 
he supposed to subsist between the heat generated 
externally and that spent in producing it. But before 
any definite relation could be shown to exist, and 
much more before its value could be numerically 
stated, it was necessary to have clear views on the 
manner in which animal ,heat is produced and ex- 

Poviare fairl li h ti 
ayer was now fair appling with a question 
which his keen intellect eH ) a to be one of 
mighty issues. It was no longer a point of thera- 
peutics that engaged his attention, his brain was 
throbbing with one of the grandest conceptions of 
modern science. These he embodied in a paper 
which he contributed in 1842 to Liebig’s Annalen. 
Mayer was only twenty-eight years of age ; out of 
Heilbronn, where he was spoken of as the town 
physician, he was utterly unknown; but the bold 
speculations of his first contribution brought his name 
prominently before the learned world, ‘This famous 
paper was ‘‘On the Forces of Inorganic Nature,” 
The great point which the author aimed at was to 
establish the absolute indestructibility of matter, and 
thence to deduce the mutual convertibility of physical 
forces, This principle was not at all new, but it 
had never before been so boldly promulgated, or so 

fearlessly applied to every department of science. 
Early in the treatment of his subject Mayer saw 
that he could not advance with firm step unless able 
to tell in suitable units the energy of a degree of heat. 
The problem was as important as it was difficult. 
He saw but few substances from which he might, 





without prolonged labour, obtain the clue he wanted. | P 


He devised a method and applied it to atmospheric 
air. The method was ingenious, but the result we 
now know to have been incorrect, The fault, how- 
ever, was not Mayer’s; it was due to the erroneous 
but accepted value of one of the constants which 
entered into his calculation, viz., the ratio of the 
specific heats of air under constant pressure and con- 
stant volume. If we substitute the value assigned 
by Regnault for that used by Mayer, we shall obtain 
for the mechanical equivalent of heat a number 
differing only by a small fraction from the mean of 
the latest determinations. This close approximation 
shows with what care and precision he worked out 
his theory, and is all the more surprising as the 
first results of other investigators showed con- 
siderable discrepancies, 

While acknowledging the importance of Mayer’s 
labours, we do not wish to overlook the merits of 
several other workers in the same field of research. 
The idea that heat is only molecular motion was 
advocated by Colding, who, in 1843, presented a 
memoir to the Academy of Copenhagen, in which 
the dynamical theory was stated and supported by 
experimental results. But to our own countryman 
Dr. Joule belongs the honour of having done more 
than Mayer or Colding towards establishing the 
great law of the conservation of energy. His ex- 
periments, which have become classical, were begun 
in 1843, and extended to 1849. His early results 
showed but little coincidence, while those of later 


In | ready under his hand all the more im 


years differed but slightly on either side of the 
number now accepted as representing, within narrow 
limits of error, the mechanical energy of 1 deg, Fahr., 
viz., 772 foot-pounds. 

It has been said Mayer was not justified in draw- 
ing conclusions from his slender premises. This 
objection, to say the least of it, is futile. It is by 
no means certain that the premises were slender. 
It is true the experiments were confined to air, 
but it is equally true that Mayer believed other sub- 
stances capable of yielding similar results. Whether 
arrived at by intuition or induction, or by both, 
Mayer’s generalisation was correct. He preferred 
atmospheric air for the simple reason that he had 
rtant data. 
hilosophic method, doubtless, was to 
make careful and repeated experiments in a variety 
of ways and with a variety of substances; but 
Mayer was precluded from doing this by the nature 
of his professional duties, which left him but little 
leisure to devote to scientific pursuits. He was con- 
scious that he had opened a rich vein of thought, 
and that the principle he was endeavouring to work 
out might prove as far-reaching in its applications 
as the grand discoveries of Galileo and Newton. It 
was therefore quite natural that he should have been 
anxious to secure the recognition which was his due, 
and that he should have sought early publicity, 

His claims, however, to the discovery of the great 
law of the conservation of energy have not passed un- 
challenged. A warm and rather acrimonious contro- 
versy was carried on in this country on the respective 
merits of Mayer and Joule, in which Professor 
Tyndall defended the German physicist against the 
attacks of Professors Tait and Thomson, The contro- 
versy served but to show in clearer light that Mayer 
was the first to _ forth the principle in its com- 
plete form, while Joule, by independent methods, 
proved it tobe correct, ‘The one clearly enunciated, 
and the other as clearly demonstrated, the dynamical 
theory of heat. ‘‘ In the firmament of heaven,” says 
Tyndall, with his usual felicity of expression, ‘‘ they 
area double star, the light of each being, ina certain 
sense, complementary to that of the other.” 

Mayer himself entertained no hostile feelings ~ 
towards his illustrious competitor. ‘I have never 
regarded him” (Joule), he wrote in 1863, ‘‘ as an 
antagonist, but have always considered him to be 
my esteemed and renowned fellow-labourer in the 
same domain of thought. I gladly avow that were 
it not for his excellent experimental investigation, 
the doctrine of the conservation of force would not 
be able to show the blooming fruits which it now 
exhibits,” Such sentiments are as creditable to the 
philosopher of Heilbronn as they are complimentary 

to Dr. Joule. 

But Professor Tait was not satisfied, and with a 
considerable amount of bad taste, profited of the 
opportunity afforded him by the publication of his 
lectures on the ‘Recent Advances in Physical 
Science” to renew his attack, or rather his onslaught. 
In this work, he fastidiously eschews the argumentum 
ad misericordiam, but we have yet to see that he has 
adopted the argumentum ad justitiam. Wrathful 
hrases are no arguments; Minerva does not hurl 
the bolts of Jupiter, Had the Professor been more 
calm, he would have been more discriminating, and 
would have recoiled from the indelicate and unfair 
task of plucking from the brow of the German savant 
every one of his well-earned laurels. 

Before leaving this subject, we should say that 
some of the statements made by Mayer in his essay 
are at variance with the results of later researches. 
We shall here notice but one point because of its 
importance, Mayer held that work and heat being 
interdependent, whenever work is done a propor- 
tionate nye | of heat invariably disappears. is 
is indeed the rule, and holds for all machines, but it 
does not apply where vital action comes into play. 
For instance, if the arm be moved to and fro, it is 
well known that the muscles will become heated; 
and if a weight be lifted by the arm, as more exter- 
nal work is done more internal heat is generated 
within the muscle. The very opposite of this is 
stated in the best science manuals; but the experi- 
ments of Professor Heidenham, of Breslau, leave no 
doubt upon the matter. 

In 1845, Mayer published his ‘‘ Essay on Organic 
Motion,” and three years later his famous “ Kssay 
on Celestial Dynamics.” In the former, he main- 
tains that all mechanical motions upon the earth, and 
all the phenomena of vegetable and animal life, are 
derived from the sun, the second, he Me pemcins 
his celebrated theory on the permanence of solar 


The more 





emission. Reasoning from the millions of meteors 














256 


ENGINEERING. 


[Apri 5, 1878. 





that annually strike the earth, he infers that untold 
numbers of these minute bodies are scattered 
throughout interplanetary spaces, and argues that the 
zodiacal light is but the reflection of the sun’s rays by 
dense clouds of these cosmical atoms revolving in 
close elliptical orbits round our central luminary. 
Moving as these miniature — do in a resisting 
medium, they must gradually approach, and finally 
impinge upon the solar orb, At the moment of 
impact, their mechanical is converted into molecular 
motion, which being thus transformed into heat is 
superadded to that of the sun. This theory has 
been ably advocated by eminent men of science ; 
still there are many eminent physicists who fail 
to see in these incessant showers of meteoric matter 
an adequate explanation of the constancy of solar 
emission, and with Helmholtz they prefer to hold 
that the heat of the sun was originally caused, and 
is now maintained, by the slow and imperceptible 
contraction of its mass. 

In this remarkable essay, Mayer also examined 
the permanency of our terrestrial conditions. He 
admits with Kant that the tidal-wave involves an 
expenditure of energy which, unlike all other forms 
previously considered, is derived from the rotation 
of the earth; and that, owing to this waste, the 
earth must eventually cease to revolve upon its 
axis. This view, however, is not quite correct. The 
earth would never absolutely cease to revolve upon 
its axis. ‘lides are caused by the differential 
attraction of the sun and moon ; our satellite, owing 
to its proximity, exerting twice as great a disturbing 
force on the waters of the ocean as the sun. If we 
consider the tidal-wave raised by the moon, we shall 
find that the ultimate effect of its braking action 
would be to make the earth’s time of rotation to 
correspond exactly with the moon’s period of revo- 
lution in its orbit; in other words, our terrestrial 
day would be lengthened out to a lunar month. In 
like manner, the solar tide-wave would tend to assi- 
milate our day to a tropical year. The conjoined 
action of the two veull produce an intermediate 
effect, which admits of a mathematical expression. 

The ‘‘ Essay on Celestial Dynamics” was trans- 
lated into English, and published in the Philo- 
sophical Magazine for 1863. 

The last scientific contribution of Mayer was 
entitled ‘‘ Remarks on the Mechanical Equivalent 
of Heat,” and was published in 1851. 

Previous to this, dark clouds had been gathering 
round the philosopher of Heilbronn. Inthe political 
agitation of 1848 he sided with the party of order, 
thereby alienating many of his friends. His great 
discoveries had excited the jealousy of some and 
the antagonism of others, ‘Their criticisms were 
frequent and sometimes virulent. This public de- 
preciation of his work and the domestic misfortunes 
with which he was then afflicted, told upon his frame 
and intellect. Days of worry were succeeded by 
sleepless nights. The strain on his faculties was 
becoming too great, and on May 25, 1850, in a fit of 
delirium, he jumped from his window into the street, 
thirty feet below. He recovered from the shock, 
but his mind was seriously affected. He spent some 
time in an asylum; and, on the restoration of his 
health, returned to Heilbronn, the scene of his 
labours and triumphs. 

In 1871 he received the Copley medal of the Royal 
Society ; and on the 21st of March, 1878, his bright 
but troubled career was brought to a peaceful close. 





AMERICAN IRON AND STEEL WORKS. 

By A. L, HoLiey and Lenox Smita. 

No, XX.—Tue CLeveLaAND Roiimwe MILL 
PANY’S WORKS. 

THE accompanying engravings illustrate the 
greater part of what has grown, by successive con- 
structions and purchases, to be one of the largest 
and most important iron and steel works in the 
United States, The fact (which equally applies to 
many leading works in all countries) that this esta- 
blishment grew up in this way, accounts for an 
arrangement of buildings which, altheugh it has been 
made pretty convenient, is not, of course, what its 

rojectors would have planned could they have 
oreseen its large and rapid development. 

The plant shown by Fig. 1 is situated six miles 
from Lake Erie at rye @ Ohio, a suburb of 
the city of Cleveland, which is the. principal dis- 


Com- 


Erie Railway system, and the Cleveland and Pitts- 
burgh, a of the Pennsylvania Railway system, 
both of which are closely connected with the eastern 
and western markets all the way from the Atlantic 
to the Pacific re through the yard of the 
Cleveland Rolling Mill Company’s Works. 

Upon this site there was erected in 1857 a mill for 





use also Connellsville (Pennsylvania) coke, that best 
of American blast-furnace fuels. Connellsville coal 
is so rich, pure, abundant, and well located, that the 
coke made from it is economically distributed 1000 
miles away by the Ohio and Mississippi rivers, and 
hundreds of miles in every direction by numerous rail- 
ways. The first Bessemer plant (two 5-ton vessels) 


rolling old rails, The next year a puddle mill and | erected by this company, was the fifth erected in the 
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a bar-iron mill were added, also a small (12 ft.) blast 
furnace. The latter has since been enlarged, and 
now has a 16-ft. by 62-ft. stack. In 1860 another 
12-ft. blast furnace was built, and it has also been 


tributing port of the famous Lake Superior ores, | similarly enlarged. The company owns its own 
and also the principal lake distributing point of the | choice e Superior ores, and these furnaces make 
various bituminous and ‘ block” coals which lie|50 tons per day each of Bessemer iron. They at 


within 50 to 150 miles of it. ‘Two of these coal rail- 
ways, the Atlantic and Great Western, a part of the 





first used raw Briar Hill block coal, a sort of mineral 
charcoal which gave excellent results, but they now 





United States, and it made its first conversion} in 
October 15th, 1868. Two years afterwards a second 
pair of Bessemer vessels were erected, but were 
subsequently removed to make room for open-hearth 
furnaces. At about the same time a wire mill was 
built; this has been since largely increased. In 
1872 the vlate and sheet mill shown on the left of 
the general plan (Fig. 1) was leased. Its machinery 
is as follows : ° 














Aprit 5, 1878.] 


ENGINEERING. 





#57 





THE PENNSYLVANIA 





Plate and Sheet Mill. (Fig. 2).—The principal 
machinery is a 30-in. by 8-ft. two-high plate train 
with a 42-in. by 4-ft. engine, and a 30-ft. by 40-ton 
flywheel ; also a similar engine and wheel driving a 
puddle train and squeezer, and a steel sheet train 
consisting of three stands of 24-in. by 4-ft. rolls. 
There is a 24-in. by 30-in. engine in the transept, 

















The three-high train F, Fig. 3, has three stands 
of 22-in. rolls, two for steel rails, and one for iron 
tops and bottoms. No iron rails, however, are 
made here at present. ‘The engine is 36 in. by 4 ft. 
with a 35-ton 24-ft. flywheel. The long heating 
furnaces LL will be further referred to. On the 
left of the open-hearth plant (Fig. 4) there is an 
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driving another sheet train, and there are ten 
knobbling fires and eight puddling furnaces. The 
sheet galvanising works are shown on the left of 
Fig. 2. The capacity of this plant is 500 tons of 
plates and 300 tons of sheets per month. 

The Rail Mill, which also contains merchant trains, 
is shown in plan by Fig. 3. A newand larger build- 
ing, having iron side and roof frames, has recently 
been erected over this machinery. A is a 12-in. 
train and B an 8-in. train geared to a 24-in. by 3 ft. 
engine. C is an 8-in. rod train geared to a 30-in. 
by 40-in. engine, and D is an 18-in. small rail and 
merchant train connected to the same engine. A 
30-in. reversing blooming train for ingots is shown at 
E. It has a 30-in. by 42-in. engine, and an 18-ft. 
by 15-ton flywheel. The engine is attached to 


the train by Kloman’s reversing clutch, which 
will be illustrated in another article of this series. 








300 Feet 


8-ton hammer to make forgings and also steel slabs 
for the plate train, There are also two merchant 
mills shown in Fig. 1 on the right of the rail mill. 
One of them contains an 8-in. and an 18-in, train, 
which are driven by a 30-in. by 40-in. engine. The 
other has an 8-in. train driven by an 18-in. by 
24-in. engine, and also a ]-ton hammer. A part of 
this plant is devoted to the manufacture of steel 
horseshoes. The capacity of these rail and merchant 
trains is 60,000 tons of heavy steel rails and 
30,000 tons of light rails and other bars, rods, &c., 
per year. ji i 

The Bessemer Plant (Fig. 4) consists of a pair of 
6-ton vessels arranged on the usual American plan, 
which has been fully described in these columns, 

The Open-Hearth Plant (Fig. 4) consists of three 
‘“* 7.ton” furnaces, which stand in the place formerly 
occupied by a second pair of Bessemer vessels and 
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their melting furnaces, The Bessemer pit, ladle 
crane, ingot cranes, &c., have not been changed, and 
have proved very well adapted to open-hearth work. 
The output of this plant is 300 tons per week, 
chiefly ingots for platesand sheets, A large amount 
of galvanised steel sheets is used for roofs and 
cornices. 

The Wire Mills produce steel wire exclusively at 
the rate of 1200 tons per month, and of all sizes 
from No. 36 to Zin. It is largely used for wood 
screws and for fences. For special purposes much of 
the wire is galvanised, tuned, or coppered. There 
are in the wire-drawing mills a 36-in. by 4-ft. engine 
and a 20-in. by 30-in. engine. 

The water works are quite extensive. Water is 
pumped from a canal, a distance of 34 miles, and to 
a height of 210 ft. through an 8-in. pipe, to the 
reservoir shown in Fig. 1. 

The Cleveland Rolling Mill Company also own an 
iron rail mill on the lake shore at Cleveland. It has 
five double puddling furnaces and a puddle train, 
besides the usual rail heating and rolling plant, and 
it turns out 100 tons of product per day. The in- 
dividuals forming this company control a large 
screw factory in Cleveland. ‘The machinery is of a 
highly improved type, and produces from the 
Cleveland Rolling Mill Company’s steel wire 6000 
gross of wood screws per day turn. The mill does 
not run nights at present. There are also some 
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thirty machines for making steel tacks. The same 
individuals also control the Union Rolling Mill 
at Chicago, at which works there are a pair of 6-ton 
Bessemer vessels, an 8-ton cogging hammer, and 4 
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steel rail mill, capable of producing 50,000 tons per 
ear, also two blast furnaces 62 ft. high with 16 ft. 
oshes. The Bessemer house is of brick, with an 
iron roof ; the rolling mill has a frame and roof en- 
tirely of iron. 

Figs. 5 and 6, on pages 256 and 257, show the 
long heating furnace employed in the Newburgh 
and Union Mills. It consists of three furnaces set 
end to end, the gases from the first passing over the 
grate fire of the second, and the gases of the two 
over the third grate to a common chimney. Heated 
air is blown down upon the gases as they pass the 
bridge walls, so that, with careful attendance, com- 
bustion may be improved, The long furnace has 
proved economical of fuel. The ingot and blooms 
are conveniently charged by means of a peel, as 
shown, and are drawn by power on the opposite 
side of the furnace. 

The Cleveland Rolling Mill Company has been 
most enterprising and successful in bringing steel 
into use for other purposes than rails, notably for 
wire and for wood screws. ‘The capital of the com- 
pany is two millions of dollars. ‘The chief officers 
are Mr. A. B. Stone, president, and Mr. Henry 
Chisholm, vice-president and general manager. 








THE PENNSYLVANIA RAILROAD. 


No. LXVI.—Conciup1nG ARTICLE. 

Tue American Steamship Company, whose vessels 
were built and engined by Messrs. Cramp and Sons, 
of Philadelphia, has deservedly won a large amount 
of support and trade between Liverpool and Phila- 
delphia. This company, however, in which the 
Pennsylvania Railroad has a large material interest, 
has suffered from the universal depression of trade. 
‘The vessels have in all cases preserved their high 
character, and their trips have been performed with 
great regularity and despatch, During last year 
the railroad company acquired by purchase the fast 
freight line owned by the Empire Transportation 
Company, previously worked over the system to and 
from western points vid Erie and Philadelphia, 
Baltimore and New York. Through the facilities 
afforded by this organisation, a large business is 
brought to the Pennsylvania system from outside 
western roads, which would otherwise to a large 
extent be diverted to other channels, By the arrange- 
ment made, the Pennsylvania Company pays to the 
Empire Transportation Company the sum of 
1,650,000 dols. (330,000/.) in car trust certificates 
for its ordinary freight stock, comprising 2704 box 
cars, 200 cattle cars, 100 gondola cars, and 400 rack 
cars, in all 3406 vehicles. In addition 900,000 dols. 
(180,0002.) are paid for the oil-carrying stock, includ- 
ing 1308 tank cars. Besides the whole of the pier 
and depét property, shops, offices, and material for 
repair and construction belonging to the Empire 
Transportation Company, were bought for 450,000 
dols. (90,000/.), paid for by securities, According 
to the arrangement entered into, the sum of 
1,650,000 dols. has to be paid in quarterly instal- 
ments spread over a term of ten years, and the 
950,000 dols. in quarterly instalments spread over 
eight years. In each case interest at the rate of 6 
per cent. per annum is paid. The amounts for 
principal and interest will be met out of a portion 
of the sums previously paid by the Pennsylvania 
Railroad for the hire of this equipment and charges 
connected with it. The acquirement of this organi- 
sation absorbs the last of the independent fast freight 
companies which run over the lines of the company. 

As we have already stated, the strikes and 
attendant riots of last summer helped to increase the 
diminution in the business of the company. A few 
words about this strike, based on Colonel Scott's 
report, will not be out of place. In consequence 
of the continued depression in all the industries of 
the country, causing a further decrease in the re- 
venues of the railroad, the Board passed a resolu- 
tion that a reduction of 10 per cent. in the salaries 
and wages of all officers, employés, and men con- 
nected with the railroad should come into force on 
the Ist of June, 1877. It was considered that this 
measure would be only temporary, and that so soon 
as the revival of business justified a change, the old 
standard of remuneration would be returned to. The 
company had in fact been for a long time employing 
a greater number of servants than business justified, 
and they had open to them only twé courses—the 
reduction of remuneration generally, or the discharge 
of a large number of men, who would thereby be 
brought into great distress, It was, therefore, con- 
sidered preferable that during the period of depres- 
sion the comparatively slight hardship of lower 





wages should be borne by all the men, rather than 
that a large number should be sacrificed for the 
benefit of the remainder. Of the whole staff, 
numbering about 18,000 men, the majority were 
perfectly contented with this arrangement, and 
continued quite loyal through the whole of the 
difficulties. It may be mentioned incidentally that 
all the leading railway companies in the United 
States had followed a similar course, as well as very 
many of the principal manufacturers, merchants, 
and other commercial men. The discontented and 
lawless element, which possibly has greater 
opportunities in the United States than elsewhere 
for violent demonstration, broke out into active 
opposition to this scheme, and succeeded in bringing 
to their ranks a large number of the employés who 
would otherwise have been contented with the re- 
duction. The ultimate result of the strike, so far 
as the Pennsylvania Railroad is concerned, was that 
the company discharged a number of their servants, 
retaining only such as were required for the service, 
and paying them higher wages then before. The 
strike broke out on the 19th of July at Pittsburgh, 
causing an entire suspension of traflic during two 
days, and its consequent loss of revenue, as well as 
a destruction of property to the extent of several 
millions of dollars. The inhabitants of Pittsburgh 
were at once notified of the disturbance, and 
attempted unavailingly to stop it. ‘The Sheriff of 
Allegheny County, therefore, made a requisition 
on the Governor of the State for a military force, 
which was furnished, and several serious collisions 
occurred, especially on the Q2lst of July, when 
several soldiers and a number of rioters were killed. 
By this time the men on strike were joined by 
numbers of discontented factory hands, idlers, and 
the disreputable inhabitants of the city and neigh- 
bourhood, and on the night of July 21st the greatest 
destruction of property occurred. Until the 28th 
of the month the rioters remained in power, but by 
that time heavy reinforcements of troops arrived, and 
these, in conjunction with the citizens of Pittsburgh, 
speedily and forcibly suppressed the émeute, and re- 
opened the line for traffic. The Pittsburgh shops ex- 
tending from Washington to Thirty-third-street were 
destroyed, the company losing all its shops, engine- 
houses, offices, plant, and, in short, everything that 
could be destroyed, including the Union Station and 
Hotel. Thirty-nine buildings were thus destroyed, 
only the oil store on Twenty-eight-street was saved. 
In the wreck were included 104 locomotives, 46 
passenger cars, and 506 freight cars; the total value 
of freight destroyed being about 2,000,000 dols. 
(400,000/.). Merchandise in transit of the value of 
1,000,000 dols. or 1,500,000 dols., was also destroyed, 
and the damage arising from the stoppage of busi- 
ness is estimated at 1,000,000 dols. Besides all this 
20 passenger cars and 86] freight cars with their 
contents, and many buildings on the western lines 
of the company, were destroyed, together with a 
large grain elevator at Pittsburgh, so that the total 
loss is brought up to 5,000,000 dols., or one million 
sterling. At other populous centres on the railroad 
the difficulties were much smaller, the force in favour 
of order being too powerful for the rioters. In 
accordance with the laws of Pennsylvania suits 
have been commenced against the county of Alle- 
gheny to recover the amount thus lost, and as there 
appears no doubt that the company will recover in 
full, the consequences to them will be comparatively 
unimportant. 

A resolution of great importance is proposed 
by the Board of the Railroad Company relating 
to a readjustment of its liabilities, and with a view 
to devise a plan for effecting it in a safe and 
permanent way that will enable the system to meet 
the somewhat modified trade requirements of the 
country with reference to moderate rates of trans- 
portation. For some time past, in the United States, 
there has been a marked tendency in all commercial 
enterprises to reduce the rates of interest on invested 
capital. This change, and the almost certain pro- 
bability that the permanentcharge for use of capital in 
the future will be much lower than in the past, and 
which at present measures the fixed charges of the 
railways, renders it strongly advisable in the minds 
of the directors to adopt at once a steady and 
gradual reduction of the existing liabilities. By this 
means it is hoped to be able to make important 
changes in transport charges, so that by lower but 
still profitable prices a large increase of business may 
be brought to the railway. 


The scheme of the directors is as follows: That 


there shall be appropriated from the net earnings of 
the company, commencing from the lst May next, 








the sum of 100,000 dols. per month, which shall be 
deposited in such manner as shall be deemed advis- 
able to form a special trust having for its object the 
purchase from time to time of the bonds and shares 
of other companies which are guaranteed by the 
Pennsylvania Railroad Company, and aiso the 
bonded debt of the company, excepting that portion, 
the withdrawal of which is provided for by special 
trust. For the amount of 1,200,000 dols. per annum 
so appropriated from the net earnings to the trust, 
and such portion of the sum that may be expended 
annually for construction and equipment as will 
make up an amount of 2 per cent. on the capital 
stock—namely, 177,404 dols.—the shareholders will 
be entitled to receive scrip annually, equivalent to 
a dividend of one dollar per share, redeemable at 
the option of the company, and bearing an interest 
of 4 per cent. per annum payable half-yearly, and 
in addition the balance of the net earnings in cash, 
The income derived from the trust would be applied : 
1. To the necessary expenses of the same. 2, ‘To the 
payment of interest on the scrip issued to the share- 
holders. 3. To the purchase from time to time of 
the outstanding guaranteed and other obligations 
already mentioned. 

The following is a summary of the fixed obliga- 
tions on leased lines and guaranteed securities, cover- 
ing 3405 miles of railway and 408 miles of canal : 


The United New Jersey Railroad dols. 

and Canal Company 47,205,675.00 
Pennsylvania Railroad: 
Alllines east of Pittsburgh and Erie 35,450,266.66 
Pr west 90 9 95,360,351.45 
178,016,293.11 
Bonded debt of Pennsylvania Co. 7,000,000.00 
185,016,293.11 
Deduct amount of bonds re- 

deemed and in sinking fund... 4,500,000.00 


Balance of fixed liabilities  180,516,293.11 
Average annual interest and 
arantee on the above is 
-4 per cent. or about ... 
To cover this liability the net 
earnings for 1877 from 
the western lines was . 
From all lines east of Pitts- 
burgh and Erie, after pay- 
ing interest on the debt of 
the Pennsylvania Railroad 
Company, and rental of its 
branch lines, worked at 
their cost for the same 


period 


13,400,000.90 


7,269,557.09 


10,844,833.19 
——  18,114,390.28 


Surplus for 1877 ‘s a “ 4,714,390.28 
This amount is available for meeting the instal- 
ments to the proposed sinking fund, the incidental 
liabilities, and cash dividends. If this plan be carried 
out it will result in the practical ownership of the 
various leased lines, and as the debentures issued 
bearing 4 per cent, interest would be redeemable at 
the option of the company, it would be released from 
the necessity of raising large sums of money to meet 
maturing indebtedness, Carried further so as to 
reduce the company’s bonded debt, the final result 
should be that the whole. of the system would be 
free from liability. In the report of the company 
recently issued, an example is given of the working 
of this scheme based on a thirty years’ period, show- 
ing that if the 1,200,000 dols. per annum be placed 
at 7 per cent. interest, at the end of the time referred 
to a sum of 73,000,000 dols. would have accumulated. 
This computation is based upon the difference be- 
tween the rates of interest paid on the money used 
in the purchase of the securities and the earn- 
ings of the securities themselves, but the fund may 
be increased by the purchase of these securities 
below par. Upon the whole the directors assume 
that the accumulation at the end of thirty years 
of 1,200,000 dols. per annum would amount to 
84,000,000 dols. at an interest of 7 per cent. By 
such an arrangement it is hoped that all the debts 
of the company may be easily discharged. 

Such is the comprehensive scheme by which the 
directors of the Pennsylvania Railroad desire to 
reduce and ultimately remove their large and in- 
creasing liabilities, to provide for the gradual de- 
preciation in the value of money, and to place them- 
selves in such a position as to command a proper 
proportion of traffic for their railway system. ‘The 
means suggested would entail no great hardship on 
the shareholders, who would moreover see the value 
of their property gradually improved as it became 
relieved from its liabilities. It is true that it 
would for many years to come diminish the 
dividends, and so far the present advantage of the 
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shareholder would suffer for the sake of future 
benefit. We believe that the project is a sound one, 
and one, moreover, which the p arn intend to 

ut into practice, even if the sacrifices to be made 
should be comparatively great. On the other hand 
it must be remembered that for several years past, 
the state of trade in the United States, asin other 
parts of the world, has been such as to affect 
seriously the prospects of all large transport com- 
panies, but this depression must be of necessity oaly 
temporary, and the reaction when it comes will 
probably more than compensate for the reduction at 
present contemplated in the payment of dividends. 
Under all circumstances any course that will tend to 
consolidate and strengthen the financial position of 
the company must evidently conduce to its perma- 
nent prosperity. 

In concluding this prolonged series of articles on 
the Pennsylvania Railroad, we haveagain to thank 
the officers of that company for the assistance they 
have rendered us in placing freely at our disposal 
drawings, statistics, and other data that have been em- 
ployed in their preparation, The series has been a 
protracted one, but we trust that, inasmuch as it 
has presented to the public the fullest possible in- 
formation on the organisation, construction, and 
working of a first-class American railway, and a3 
such information has never before been collected, 
the space they have absorbed has not been unprofit- 
ably occupied, 








IRON AND STEEL INSTITUTE. 

In our notice of the spring meeting of the Iron 
and Steel Institute which, under the presidency of 
Dr. C. W. Siemens, F.R.S., was held at the Institute 
of Civil Engineers last week, within only a few 
hours of our going to press, we could give only 
an outline of the formal and preliminary business, 
and state what papers were read, leaving the consi- 
deration of the discussions upon them for another 
week, On the morning of Thursday, the 28th ultimo, 
after the usual formalities, to which we need not 
again refer, the special business of the meeting was 
commenced by the discussion of the paper read by 
Dr. Percy, F.R.S., at the Newcastle meeting, and 
published iz extenso in our last volume,* upon ‘‘ The 
Protection from Atmospheric Action which is im- 
parted to Metals by a Coating of several of their 
own Oxides respectively.” 

Mr. Baker, of Sheffield, having been called upon 
by the President, referred to the Russian iron spoken 
of in the paper, and said that when the rolls are 
wetted with water during the operation of rolling 
pen steel, a beautiful smooth coating is imparted to 
the metal, which may be freely bent without splitting 
off the scale, He had himself made some Jaboratory 
experiments upon a beautifully coloured oxide of 
copper formed by winding pure copper wire round 
a combustion tube, and submitting it to the action 
of heat, tut he had not found that the oxide pro- 
tected the metal from atmospheric action. He had 
been long-connected with lead works, but from his 
experience the beautiful colours of the lead oxides 
would not continue for any length of time, and he 
would like to ask the author of the paper if the 
metal lead possesses the property of being preserved 
from atmospheric action by being coated by an 
of its own oxides. In answer to the President he 
said that the examples he had seen of the applica- 
tions of Professor Barff’s process consisted of grid- 
irons and saucepans, which, although they had been 
left out of doors all night on wet grass, showed no 
signs of oxidation. ; 

Mr. Edward Riley, F.C.S., said that he considered 
a gridiron a very bad example for testing the 
efficacy of a process for protection of iron from 
oxidation. The best process for preserving iron 
tools, tongs, &c., in the laboratory, is to coat them 
with tallow, and then to burn it into carbon, which 
formed a very efficient protecting covering. He 
thought that a gridiron would by its ordinary use 
be protected in the same way, the fat becoming 
converted into carbon, and forming a film on the 


iron. He would like to know the — of the iron 
which had been submitted to Professor Barff’s 
process, 


Mr. Snelus said it would doubtless be of interest 
to many of the members of the Institute if the 
modus operandi of the process were explained, and he 
asked for information respecting the practical 
carrying out of the operation. 


* See ENGINEERING, vol. xxiy., page 304. 





Mr. Perry F.Nursey said that, inthe paper, Dr. Percy 
had referred to the process as having been originated 
by Professor Barff, but he had himself many years 
ago been engaged in a series of experiments in which 
the same process was employed, and the late Pro- 
fessor Faraday had taken a warm interest in the 
results he then obtained. Mr. Nursey considered that 
Professor Barff could only be credited with the appli- 
cation of a well-known principle. The only objects 
he had himself seen which had been submitted to the 
process were pots, pans, and gridirons ; but Professor 
Barff stated in the paper which he read before the 
Society of Arts that it could be applied to bridges, 
girders, boilers, and other large works of construc- 
tion. For his own part he did not consider it would 
be desirable to apply the process to girders, because 
in his opinion the heating necessary to the process 
would deteriorate the internal structure of the iron. 

Mr. Isaac Lowthian Bell, M.P., F.R.S., questioned 
the correctness of the statement made by the last 
speaker that the action of super-heated steam would 
necessarily weaken the structure of iron. With 
regard to the methods of its application, the Russians 
obtained the steam by burning in the furnace green 
wood in contact with the iron, the effect of which 
is to convert the juices of the wood into steam, 
which mixing with the gases in the furnace produce 
the oxide on the surface of the metal. When he 
was in the United States he had seen parts of loco- 
motives which had been protected by Professor 
Barff’s process, and the results were very successful. 
In answer to Dr. Siemens Mr, Bell said that he had 
had no experience of how far the process protected 
iron from the corrosive action of sea-water. 

Dr. Siemens said that he hoped Professor Barff’s 
experiments would be followed up, The subject is 
one of great interest, for a really good method of 
protecting iron and steel from rust is very much 
wanted. It would be interesting to prove by ex- 
periment if Professor Barff’s process would preserve 
the interior surface of a boiler from corrosion, or if 
it would protect iron against the action of sea-water. 
He thought that the process referred to was essen- 
tially different to that employed in Russia, and it 
could be applied by special arrangements to large 
objects, such as ships, while the Russian process 
could not. 

The subject then dropped, and the President 
again calling on Mr. Baker, opened the discussion 
upon Dr, Percy’s second paper **On the Cause of 
the Blisters on ‘ Blister Steel.?” This paper was 
also read at the Newcastle meeting, and was printed 
in extenso in our last volume.* 

Mr. Baker said that he had no remarks to make 
upon the paper, but he had placed upon the table 
some specimens of steel, in the fractured ends of 
which no bubbles or blisters could be seen. One of 
these was a steel rail which had been doubly con- 
verted by being imbedded in charcoal in the ordinary 
way ; it presented a beautiful fractured surface very 
similar to that of spiegeleisen, 

The President supported the view entertained by 
the. author of the paper. In the course of his 
experience he had never seen blisters in steel which 
had been converted by being imbedded in charcoal, 
which tended to show that where no oxide was 
present no blisters could be produced. Dr. Siemens 
then proposed a cordial vote of thanks to Dr. 
Percy for both his interesting communications, 


Y|and called on Mr. I. Lowthian Bell, M.P., F.R.S., 


ublish on another 


to read his paper, which we 
Phosphorus from 


page, ‘‘On the Separation o 
Pig Iron.” 

In the discussion which followed the reading of 
this paper Professor Williamson congratulated the 
Institute upon receiving so valuable a report on so 
important a subject. ‘The additional knowledge fur- 
nishedin Mr. Bell's communication was, in his opinion, 
of great value. He would not venture to enter into a 
discussion of the analyses recorded in the paper, 
but he attached great importance to the ae 
regulation of the proportion of what he might call 
the ‘“‘ washing” material by which phosphorus may 
be eliminated or ‘‘ washed” out. Members of the 
Institute were well aware that the oxide of iron 
referred to in the paper has a double duty to 
perform ; in the first place it supplies oxygen to 
the phosphorus by which that substance is reduced, 
and phosphoric acid is formed; and in the second 
place it lays hold of the phosphoric acid so formed, 
and keeps it from entering into combination with 
the metal. In order to diminish the amount of 
oxide of iron reduced, it might be found advanta- 
geous to replace it by lime or other inexpensive base 











* See ENGINEERING, vol. xxiv., page 275. 


which would lay hold of the phosphoric acid. 
Several such bases besides lime might be employed 
for that purpose. 

Mr. Snelus said that Professor Williamson had 
brought forward a point of great importance. Six 
years ago he had himself taken out a patent for the 
employment of lime for taking the place of oxide of 
iron for the purpose of eliminating phosphorus from 
pig iron, and he had since been devising mechanical 
means for the application of the process. He 
corroborated the statement of Professor Williamson 
that the oxide of iron does double duty. By the em- 
ployment of lime instead of oxide of iron he had, in 
Cleveland iron, succeeded in reducing the phosphoric 
acid down to .] per cent. With the same object in 
view he had lined a Bessemer converter with lime 
and had obtained very satisfactory results, He had 
found, however, that there were practical difficulties 
in the application of the system to Bessemer 
converters as well as to- the Siemens rotating 
furnace, but he had been beating his brains about 
to devise an apparatus for working it, and the 
results were sufficiently satisfactory to induce him to 
maiotain his patent. He referred to Mr. Crampton 
as one who could support him in his views, as he had 
tried the experiment at Woolwich of lining a cupola 
with lime, and had met with very encouraging success, 

Mr, Edward Riley remarked that it wes very 
important that engineers should come to some 
agreement as to the amount of phosphorus that 
should be allowed to be present in steel rails. In 
some rails which he had examined he had found as 
much as .24 per cent. of phosphorus, These rails 
were in use at the present time on the Great 
Northern Railway, and were not showing any signs 
of wear. His own opinion was that it is perfectly 
safe to allow in steel rails more than .] per cent. of 
phos horus, He would like to hear from Mr. Bell 

which process the determination of the amount 
of phosphorus was made, He considered the 
molybdate process, which was the one generally em- 
ployed, very untrustworthy. He had as an experi- 
ment weighed into a given quantity of pure steel a 
known percentage of phosphorus, and had sent 
samples to six different steel works to be analysed, 
and the results were widely different; he did not 
consider the molybdate process to be reliable to 
within 25 per cent. 

Sir John Alleyne suggested that Siemens’ rotating 
furnace might well be employed in the author's ex- 
periments, and offered to Mr. Bell the use of one of 
the Butterley furnaces for that purpose. 

Mr. Price said that he had in the Government 

establishments at Woolwich, been putting Mr. Bell's 
experiments to the test, and had succeeded in pro- 
ducing from ordinary Cleveland pig good hard and 
good soft steel. This steel had been analysed, and 
it was found to contain .2 per cent. of phosphorus 
and .2 per cent, of carbon. It stood all the usual 
steel tests, and was a good malleable as well as a 
good stretching steel, In the refining process he 
had found that there was a loss of from 2 to 2.5 per 
cent. They had at Woolwich been making forgings 
up to 25 cwt. and 30 cwt., but the material is equally 
well adapted for forgings, castings, plates, or rails, 
and it melts almost as well as hematite pig. They 
charged the ore and the refined iron into the furnace 
together, and melt about a ton per hour. Follow- 
ing out Mr. Bell’s process, they had been enabled to 
reduce the amount of phosphorus as low as .2 per 
cent., and occasionally down to .1 per cent. 
Mr. Sydney Thompson said that he had discovered 
a method by which phosphorus could be completely 
extracted from pig iron in a Bessemer converter, 
and amid some laughter and other signs of in- 
credulity he stated that he could remove by his 
process as much as 99.9 per cent, of phosphorus, ~ 

Mr, Fox said that the figures given in the opening 
sentences of Mr, Bell’s paper furnished very con- 
clusive evidence of the importance of the subject 
therein treated, He would propose that a Committee 
of the Iron and Steel Institute should be appointed, 
under the auspices of that body, for examining and - 
reporting upon the properties imparted by the 
presence of phosphorus to iron and steel, e was 
not a chemist, nor an ironmaster, but asa civil engi- 
neer he could not but think it possible that the 
residual products from the purification of iron might 
be utilised. It was not many years ago that. many 
of what are now most area ip were thrown 
away in the process of gas-making, and he asked if 
the phosphorus extracted from pig iron could not be 
made to pay the cost of the process 








ongiaree. 
The President considered that Mr. had con- 
tributed some very valuable facts to the knowledge 
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of a subject which was of great interest to many 
members of the Institute, The results described by 
the anthor agreed very generally with those of his 
own experiments, He had found the slag to contain 
as much as from 6 to 7 per cent. of phosphorus, 
while the metal contained very little. The question 
of the relative merits of different methods for the 
elimination of phosphorus from iron was one en- 
tirely of expense. He thought that the employ- 
ment of ten hundredweight of rich oxide of iron, 
which would cost about ten shillings, would form an 
item of expense which would be prohibitory to the 
ae ina commercial point of view. Referring to 
’rofessor Williamson's suggestion of employing lime 
to replace a portion of the oxide, and to Mr. Snelus’s 
—— for carrying it out, Dr. Siemens said that 
e had at his experimental works at Birmingham 
tried lining the furnace with lime, but the chief 
difficulty he had to encounter in its use was 
the insufficient hardness of the lime to resist 
the charges. He could speak with strong con- 
fidence with regard to the amount of phosphorus 
in the finished steel. He considered that there was 
no difficulty whatever in converting old iron rails into 
steel rails of such quality as to satisfy all the me- 
chanical tests the engineer may insist upon. The 
amount of phosphorus in steel rails should not ex- 
ceed a limit of .25 per cent.; when that amount 
is exceeded there is danger of the steel becoming 
brittle, especially in frosty weather. He considered 
that steel containing .25 per cent. of phosphorus 
should not contain less than .2 .per cent. of carbon 
and should contain at least .7 per cent. of man- 
ganese. Manganese was to the manufacture of steel 
what.charity is to religion, ‘‘ it covers a multitude of 
sins.” He considered that steel depends for its 
quality, by which it is enabled to resist mechanical 
tests, upon the large quantity of manganese which 
it contains ; but good mild steel, such as would be 
employed in the construction of boilers, should con- 
tain only traces of manganese not more in any case 
than 1 to 2 per cent, Referring to the generally 
received notion that mild steel is inapplicable to the 
construction of ships on account of its liability to 
corrosion, Dr, Siemens expressed his belief that that 
liability is really due to the presence of too much 
manganese, for as the proportion of manganese in- 
creases so does the liability of the steel to corrosion 
increase with it. He then called on the author of 
the paper to reply to the discussion. 

Mr. I. Lowthian Bell began his remarks by 
recognising the fact brought forward by Professor 
Williamson that the oxide of iron pe-forms a double 
duty; and in reference to the question of the 


employment of lime he said he had never seen | jas 


Mr, Saelus’s experiments, but the idea was a very 
old one. Up to the year 1850, and for five years 
before, no foreign material was ever used except 
limestone, and previous to that date the use of 
oxide of iron was never heard of. “Mr. Bell stated 
that on the North-Eastern Railway all rails delivered 
to the company are analysed, the molybdate process 
which Mr. Riley condemned being that which is 
employed in the analysis, In answer to an inter- 
ruption from Mr. Riley at this point to the effect 
that he had never condemned the process, Mr, Bell 
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said that when a chemist of Mr. Riley’s eminence 
says that a particular process of analysis cannot be 
depended upon for accuracy to 25 per cent., 
he must say that if that statement is not condemn- 
ing the process, it is damning to it to a very 


considerable extent. With respect to the ex- 
pense of the process which had been referred 
to by Dr. Siemens as forbidding its general ap- 
plication, he appealed to Mr. Bessemer, and asked 
if during the first two or three years of his experi- 
ments, which led him to his great invention, he 
would have liked to have stood or fallen by the re- 
sults which he then obtained. Mr, Bell concluded his 
reply by saying that if in his process for the elimi- 
nation of phosphorus from pig iron he had had to 
employ gold, or some equally costly material, he would 
be prepared to admit that the expense of the process 
would be an effectual obstacle to its development, 
but he did not think that he had come to that 
position yet. 

At the close of Mr. Bell's remarks the President 
proposed a hearty vote of thanks to Mr. Bell for his 
valuable communication, and it being luncheon time 
he adjourned the meeting until two o’clock. 

Upon the meeting being resumed, Mr. Ireland’s 

aper ‘‘On some Recent Improvements in the 
Sieaninstane of Iron Sponge by the Blair Process,” 
which we shall print in extenso hereafter, was 
read, but want of space compels us to defer until 
next week giving an account of the discussion which 
followed the reading of Mr. Ireland’s paper. 








BOILER FLUE TESTING APPARATUS, 

We give above an engraving of the apparatus for 
testing boiler flues by hydraulic pressure, which was used 
during the experiments at the works of the Leeds Forge 
Company last week. The apparatus, together with the 
tests made with it, were fully described on page 245 of 
our last issue, and all, therefore, we need now say con- 
cerning it is that our engravings show the apparatus as 
arranged for testing one of Mr. Samson Fox's patent 
corrugated flues, 


ENGINEERING CALCULATIONS AND 
CONTINUOUS GIRDERS. 
To THE Eprror oF ENGINEERING. 
S1r,—In my letter on the above in your last week’s issue, 
I notice a few errors which I should be much obliged to be 
allowed to correct. 1. In the third column, page 249, 
paragraph 4, in the second line read ‘‘as the squares,” 
instead of ‘‘as their distances ;’”’ and in the seventh line 
read ‘‘ between B and E and K and F,’’ instead of “‘ BE 
and KF” andinthe sixteenth line read ‘‘in units, at 
right angles, on the lines B E,”’ &c., instead of “‘ in units 
on the line B E,”’ &c. ; and in the first column, pa: 








ragraph 
2, page 250, I find in the working out that the span B 

been taken as 50 ft. and not 60 ft., co uently 2 
should equal 620 and not 664, therefore the line B D should 
be divided into 620 parts and not 664, as stated. And in the 
formula at the top of the middle column, the first column of 
?’s should have been in parentheses, and not have had the 
sign of equality after them. 

I should like also to add that [ have received one or two 
letters from gentlemen to whom I had put the question of 
the three-cornered field, and they tell me that what I have 
stated in print is not what I stated to them verbally, which 
was as follows: That the angles and sides of the original 
field were given as well as the enclosed area, and that the 
field was enclosed by a very high fence, which could not be 
overlooked, but the fence was stated to be parallel to one 





of the sides, say A' C', as already stated and shown in my 
diagram, and that the position of the fence A C was marked 
on the outside of the fence at A and C, and that the area 
of the triangle A C B had to be arrived at without taking 
any measurements. If I said so of course I ought to abide 
by it, and by referring to Fig. 1, I will show how this was 
lone. 

~y\ € the rectangle A BCD to be the fence in the 
line A B, a frame of tissue paper of the length of a}, and 
about a foot wide, was placed perpendicularly up against 
the fence edgwise at A, the tissue paper being divided into 
620 equal divisions. A rifle was placed at B with the 
muzzle lying horizontally in the line B E, and the muzzle 
directed toward the point A ; a bullet was fired which hit the 
point C, and cut a hole through the tissue paper at c, so 
that I only had tocount the number of divisions between a 
and c, which gave me the number of square yards in the 
triangle A C B which was required, and thus without any 
measurements. I hope this solution will prove satisfactory, 
and I am glad that this has been pointed out to me, because 
it is more in accordance with the way in which I originally 
intended to have put the problem, and not as stated in my 
letter in your last issue, because I find that the way I have 
ut it there comes to very much the same thing as Mr. 
Bim Robertson’s solution ; however, it will beseen that the 
method adopted as shown in my diagram, Fig. 1, is in 
accordance with the method just described, and I need 
hardly state that the problem has been put forward by way 
of a curiosity, but my only object has been to show in the 
theory of continuous girders the value of these lines, 
dividing the triangles into two parts, and their omission by 
all writers on the subject, or rather in any works that [ have 
seen on it, and if I have succeeded in rendering any service 
by showing their value, I shall be pleased, and apologising 

for troubling you this much, 
I am, Sir, yours obediently, 
W. H. Brpper. 

1, Westminster Chambers, April 2, 1878. 








STEAM STOP VALVES. 
To THE EDITOR OF ENGINEERING. 

S1r,—I notice in your issue of the 22nd inst. an illustra- 
tion and description of] a steam stop valve, its design being 
apparently claimed as the invention of Mr. D. A. Cormack, 
of Leith. 

Permit me through the medium of your valuable journal 
to state that there is nothing new in the principle of con- 
struction of the valve illustrated, as it has, to my own 
knowledge, been applied for the past ten years, if not more, 
to many marine engines built onthe East Coast. 

While filling the position some few years ago of chief 
draughtsman to the late firm of Messrs. Gilbert and Cooper, 
marine engineers and shipbuilders, of Hull, I designed stop 
valves on the principle illustrated for some thirty pairs of 
marine engines of various powers ; all of which were made 
and fitted to their respective engines, and have not, to my 
knowledge, been replaced by valves of any other descrip- 
tion. 

The principle of construction of such valves when 

roperly carried out does away with the necessity of their 
Coie made—as shown in the illustration—screw-down 
valves, as comparatively little power is required to open 
them, and the closing is assisted by having the steam on 
their backs. 

I shall be glad to send you a sketch showing the construc- 
tion of such valves as were fitted to the engines I have 
mentioned, should you be able to find room for their illus- 
tration in your columns. 

I am, Sir, your obedient servant, 


H. Hour ButTtTreRFILu. 
Birkenhead, April 2, 1878. 





VicrorRIAN Rartways.—Railway communication has 
been established from Melbourne to Portland, a distance of 
275 miles. A section was fo ly opened to Portland, 
January 9, by his Excellency the Governor of Victoria- 
— now 935 miles of railway open for traffic in 

ictoria. 
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MOULDING MACHINE. 

WE give below an illustration of a wood-moulding ma- 
chine to plane one side only, designed by Messrs. John 
Richards and Co., engineers, Manchester, and intended 
more especially for use in the model shops of large en- 
gineering works where fillets and other simple mouldings 
as well as battens have sometimes to be prepared. The 
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same machine can, however, be employed in joiner shops 


for moulding sash bars, grooving, rebating, and so on, 
the table being provided with a long adjustment up and 
down for that purpose. The machine is what might be 
called a refinement of the American sash-moulding ma- 
chines, of which from two to ten will be found in all large 
joinery works in the United States or Canada, 








NOMINAL HORSE POWER. 
To THE EDITOR OF ENGINEERING. 
S1r,—Although Mr. Jaffrey is by no means the first person 
who has mooted the question as to what should so far as 
cylinder capacity is concerned constitute a nominal horse 
power, all, especially shipowners, must be much obliged tothat 
——- for raising the question in your valuable journal. 
loyd’s Committee have recently applied to consulting 
engineers generally, and no doubt after proper digestion 
we shall be furnished with some sort of arule or other. It 
would be wasting your space to quote from the Liverpool 
Red Book or Lloyd’s in order to prove the anomalies in 
nominal horse power, as any one can obtain that informa- 
tion for himself, but it must be borne in mind that the 
engine builder is not alway in fault for the discrepancies, 
shipowners and companies having a bad habit of over-rating 
the nominal horse power of their vessels in order to obtain 
a commercial advantage, but at the expense of the engine 
builder, who will probably get the credit of supplying a very 
small engine and calling it a great power, and engine 
buyers will fight shy of that man naturally. Now Mr. 
Jaffrey’s basis of 27} in. and 47} in. by 30 in. stroke is far 
too small to indicate in general mercantile work 500 indi- 
cated horse power, as I will presently show for actual prac- 
tice. For regular work you will find cylinders 27 in. and 
50 in. by 33 in. stroke are the fairest basis for calculating 
upon 100 nominal horse power, and this gives a very simple 
rule for estimating the combined area of cylinders in 
circular inches, or D*-+d?, D? being diameter of low- 
pressure cylinder squared and d? being diameter of high- 
pressure cylinder squared, and the rule I use is as follows : 
(I may mention that 27 in. and 50 in. by 33 in. stroke is 
usually registered at 98 nominal horse power.) 
(D*+d*) x 4/8 in in. (27? + 50*) x / 33_ 195 
N.HP. 98 ‘ 
And this 105 I use as a coefficient. I find boiler power to 
be about the same in most jobs, and if 60 Ib. or 80 Ib. pres- 
sure is used,'the cylinder’s ratio or cuts-off are proportioned, 
accordingly giving about the same mean pressure for actual 
or indicated horse power calculation. In the above formula 
«3 =enbe root of stroke in inches. I may mention that 
all calculations given here will befor a slide rule, and conse- 
quently not absolutely correct, but near enough for all 
ape po purposes. The transposition of the equation will 
of course : 
1, 105x N.HP. 
/8 

in circular inches. 


2. Ax¥8 =nominal horse power. 


=coefficient 


=D*+ d? or combined area A of cylinders 





3, Combined area A 
tio of cylinders+1 
4. Combined area A -area of high-pressure cylinder= 


—_ — low-pressure cylinder. Now for the application of 
e. 


a a an engine of 98 nominal horse power, stroke to be 
105 x N. HP. 
WS 

Ratio of cylinder 3.42 to 1 an = 727.5 ot in =aren of 
high-pressure cylinder. oe 





=area of horse power cylinders. 


=combined area A= 10X98 =s216" ee | 
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cir, in. 
8216—727,5=2488.5  =area of low-pressure cylinder. 








,| only solution of the increas 








Requenety Rowe 136N. 
yom 62 
ac. 


Rev. 53 

Total IP 465 aller being out Syearg 

: and after a runof 39 at Sea. . 
o* ___—_——___—"_| 


Pid 
— ee 
IP 226 


Nearest square root of 727.527 in. = diameter of high- 
pressure cylinder. 

Nearest square root of 2488.5=—50 in.= diameter of low- 
pressure cylinder. 

Stroke of both 33 in., working pressure from 60 lb. to 
70 Ib. aod square inch. Thed s marked A, to A, are 
taken from engines of these sizes, and I think will be bad to 
beat. One engine had been at work years, when cards 
were taken, and the other six months. You will observe the 

wers are 432 indicated horse gene and 410 indicated 

orse power respectively. The next cards marked B, and B, 
are from a of engines of Mr. Jaffrey’s design, cylinders 
25 in. and 48 in. by 36 in. stroke, the s were taken 29th of 
Jan , 1874, on a run from ye to Hartle- 
pool the power you will observe is about 277 horses, the 
nominal horse power of these latter engines would be by 


my rule, 

(25? +-48?) x3.3 
105 ‘ 

registered as 96 nominal horse power and give out only 

2.8 times nominal about. 

The cards marked C, and C, are from a 110 nominal horse 
power engine as per register, cylinders 28 and 53 x 33 in. By 
my rule the power nominal horse power would be 

(282-+-532) x 3.2 

105 1 

The indicated power after being ten days at sea was 482 indi- 
cated horse power, and I think you will say these cards are 
about as’ as is practically F amg ~ye in constant sea work. 

According to my rule cylinders 29 and 544 x 36 in. stroke 
equal 120 nominal horse power, and I think you will find 
it about right for all sizes. I could give you cards of all 
sorts of sizes up to engines indicating horses, but I 
may say my nominal horse power rule holds very good for 
that power, and your space is too valuable for so many cuts. 
My only apology for thus trespassing so greatly upon your 

space is that I think the nominal horse power question will 
be better ventilated in your columns than is likely to be 
the case by any guild or society other than one of manu- 
facturing and consulting engineers. 

Yours very truly, 


FRANK 
Sunderland, March, 1878. 
—— also enclose a pair ~ cards D, and Da fom " me 
nominal horse power engine for istry, cylin an 
58 x 33 in. stroke, taken after being 59 days at sea. Indicated 
horse power is, you will see, horses, by my rule nominal 
horse power would be 131 nominal horse power.—F. W. W. 








= 92 nominal horse power. They are 





=109 nominal horse power. 
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PROPOSED MOVABLE BRIDGE OVER THE 
THAMES. 


movable bridge over the Thames, is undoubtedly in 
principle, but I fear that such a bridge would not be suit- 
“Ta oan that both hes of the bridg 

us su approaches of the e@ were 
to become crowded, Under such circumstances the dis- 
charging and loading of the platform would evidently entail 
considerable delay, and consequently hindrance to traffic. 
In order to avoid this, and at the same time to make the 
bridge capable of conveying much more traffic, Ishould, by 
leave of Messrs. Mills and Twyman, it the following 
alteration in, or rather addition to, their design, Let 
there be two travelling platforms, each 100 ft. long (if 
200 ft. waterway be that required), so that when run out 
they should form a complete ae. Thus, so long as no 
ship approached the structure the bridge would be equivalent 
to an ordinary one; nor would there be any difficulty ex- 
i in renewing the traffic after a block occasioned by 
he passage of a'sbip, as the c currents in te 
directions would occupy a proper sides of the . 


am yours truly 
April 2, 1878. . a 


To THE EprTor or ENGINEBRING. 

S1r,—I for one highly approve of a baie, for the 

Thames, constructed on the principle advoc in your 

last issue. I believe bri on this principle to be the 

pressing demand for im- 
intercommunication een the opposite sides of 

navigable channels and harbours. _ 

I have only further to say that I am obliged to Messrs. 

Mills an for again bringing forward the scheme 

which I claim to have originated, even although they have, 











inadvertently no doubt, omitted to acknowledge its author. 
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A reference to ENGINEERING of July 25, 1873, will show 
that the idea has not been “‘ hid under a bushel.”’ 
Yours truly, 
CHARLES SMITH. 
Hartlepool Iron Works, March 30, 1878. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Heanor Water Works.—A movement is on foot to 
give Heanor an additional supply of water, and works for 
that purpose have been commenced. The contractors, 
however, have met with unforeseen difficulties. A shaft 
has been sunk to a depth of 40 yards, but the quality of the 
water is unsatisfactory, and it is proposed to go another 
20 yards deeper. The engine employed on the bank is not 
sufficiently powerful to exhaust the water, and work has 
had to be suspended till another engine has been erected of 
much greater power. The water which is the cause of 
delay comes off a strata of rock of a very wide area, similar 
to that which stopped the work when a depth of 20 yards 
only had been reached in the shaft. On the former occa- 
sion the water was stop by the use of iron tubing in- 
serted in the shaft, and it is expected that that course will 
have to be again adopted in this instance. 


Railway Ewtensions.—On Monday the new branch of the 
Great Northern Railway between Derby and Nottingham 
was opened for passenger traffic. This connects the system 
at Nottingham with the Staffordshire potteries. The cele- 
bration of the opening was the traversing of the route by 
a number of the chief officials. The king offices at 
Derby will be created so as to give every accommodation 
to those using the line, the present premises used for 
the purpose being but temporary. The goods traffic up to 
the present time has exceeded the expectations of the 
promoters. 

Colliers’ Wages.—Notwithstanding the fact that the 
unionist colliers of South Yorkshire have consented to a 
certain reduction of wages, some of the masters are re- 
quiring further concessions, which the men are resisting. 








NOTES FROM THE SOUTH-WEST. 
Portishead Dock.—In consequence of a recent accident 
at this dock, application has been made to Parliament by 
the company for an extension of time for the completion of 
the works authorised by the Portishead Docks Act, 1871; 
additional capital, purchase of land, compulsorily and by 
agreement, and an amendment of Acts. 


Railways in Carmarthenshire.—An extension of the 
railway system of Carmarthenshire is not unlikely. A da 
or two since several gentlemen connected with Englis 
railways visited Burry Port, and examined the Burry Port 
and Gwendraeth Valley Railway. It is stated that these 
gentlemen contemplate joining the Burry Port Company, 
and extending their railway from Pontyberem to Llanarth- 
ney, and from Burry Port to Lianelly, by way of Pool 
Colliery. 

Alexandra (Newport) Dock Company.— At a special 
meeting of this company held in London, on Thursday, it 
was resolved that the company should be empowered to sub- 
scribe a sum not exceeding 30,0001. towards the capital of 
the proposed Pontypridd, Caerphilly, and Newport Rail- 
way. 

Severn Bridge Railway.—The first pay under the new 
contractor was made on Saturday, and wages were reduced 
in the majority of cases to the extent of 6d. perday. This 
does not refer to the employés of the Hamilton- Windsor 
Iron Company, the contractors of the bridge, but it is con- 
fined to the men engaged on the railway portion of the 
undertaking. 

Severn Ports Warehousing Company (Limited).—The 
following tenders were received for warehouses at Sharp- 
ness :—Messrs. D. C. Jones and Co., Gloucester, 5785/. 
gs a Messrs. Thompson and Roberts, Bristol, 58301.; 

t. J. Moss, Gloucester, 59551.; Mr. Alfred King, 
Gloucester, 60971. ; Messrs. Stephens and Bastow, Bristol, 
63841.; Messrs. Brock and Bruce, Bristol, 65531.; Mr. 
Gazzard, Cardiff, 67331. ; Messrs. Baker and Son, Bristol, 
69931.; Mr. 8S. Robertson, Bristol, 72771.; Messrs. 
Howell and Son, Bristol, 78001 


Wages Reductions in Dean Forest.—On Monday a 
reduction of 5 per cent. was accepted by the colliers and 
miners in the employment of several of the leading firms in 
the Forest of Dean, no opposition having been offered to 
the notices given a week since. 


Great Western Railway.—The Great Western Railway 
Company have made arrangements for the completion of 
the Mitcheldean-road and Whimsey Junction Railway, 
giving those places direct connexion with the Hereford 
and Rossfine and Dean Forest. 


The Tynewydd Disasler.—We leara that the Government 
have decided to re-indict, at the forthcoming assizes at 
Cardiff, the wuanger of the Tynewydd Colliery, who, at 
the last assizes held at Swansea, was arraigned for killing 
and slaying one William Jones and others, who lost their 
lives by the flooding of the colliery at i et rw in the 
Rhondda Valley. It may be recollected that at the assizes 
at Swansea, in August, 1877, the jury were unable to agree ; 
and it was then arranged that the manager, Mr. James 
Thomas, should be bound over in the sum of 2001. to ap 
at the next assizes to answer any indictment which might 
be then preferred against him. 


Welsh Coast Defence.—St. Dogmell’s bat is not to 
removed, as was at one{time expected would be the case. 
On the contrary, the Lords of the Admiralty intend shortly 
to re-equip the station with i ved armaments. They 
we ee the erection of an additional battery at 
‘enby. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday’s pig iron 
warrant market opened strong, and an improvement of 2d. 
per ton was obtained Business was done in the morning 
at 51s. to 51s. 1d. cash, and at 51s. 1}d. to 51s. 2d. one 
month, and the market closed with sellers at the higher 
prices. There were some transactions in the afternoon at 
51s. 1d. to 514d. cash, and 51s. 2d. fourteen days, and at 
the close there were sellers at 51s. 2d. cash and 51s. 3d. 
one month, and buyers near. The market was somewhat 
stronger on Friday morning, and a further slight advance 
of prices was obtained. During the forenoon business was 
done at from 51s. 1d. to 51s. 14d. cash, and 51s. 2d. one 
month, and at the close there were buyers at the higher 
quotations. Iron changed hands in the afternoon at 
5ls. 1jd. to 51s. 2d. cash and at 51s. 3d. one month, the 
market closing with sellers at 51s. 3d. cash and 51s. 4d. one 
month, buyers offering 1d. less. Over the week there was 
again of ld. perton. The warrant market opened on 
Monday rather weak, but an improvement soon took place, 
and at the close prices were fully 1d. above those prevailing 
at the close of last week’s business. Some transactions 
were done during the forenoon at 51s. 1}d. to 51s. 2d. 
cash, and at 51s. 3d. to 51s. 3d. one month, the market 
closing with buyers at the higher quotations and 
sellers asking 1d. per ton more. In the afternoon prices 
reached 51s. 3d. cash, and from 51s. 5d. to 51s. 44d. one 
month. The day’s business closed with buyers offering 
51s. 3d. ten days and 51s. 4d. one month, sellers asking $d. 
per ton more. Yesterday's market was less firm, and prices 
were slightly under those prevailing on Monday. Busi- 
ness was done in the morning at 51s. 3d. cash, and the 
market closed with buyers at that price, and sellers asking 
1d. per ton more. Prices receded in the afternoon from 
51s. 3d. to 51s. 24d. cash, and from 51s. 4d. to 51s. 3d. one 
month, and the closing quotations were, sellers 51s. 3d. 
cash and 51s. 4d. one month, buyers a 1d. per ton 
more. The market was flat this forenoon, when business 
was done down to 51s. 14d. cash, the market closing with 
sellers at the lower quotations, buyers offering $d. per ton 
less. The afternoon market opened with sellers asking 
51s. 14d., but there was an ‘intermediate market. Not- 
withstanding the raising of the Bank rate and the warlike 
appearance of the political situation, a somewhat large 
business was done towards the end of last week at prices 
which showed rather a hardening tendency ; the legitimate 
demand, however, does not seem to have improved in 
sympathy with warrants. There has been a sensibl 
better demand for shipping iron during the past wee 
or so,’ but the bulk of the business has been confined 
to one or two brands. Some shipping brands have been 
pressed "more and more upon the market, and several 
of them have been reduced in price 6d. to Is. per ton. 
Last week’s shipments from all Scotch ports amounted to 
11,499 tons, as compared with 10,241 tons in the corre- 
sponding week of last year. A small quantity of pig iron 
was ordered out of store last week, and the total stock 
with Messrs. Connal and Co. up till Friday night was 
170,467 tons, the decrease for the week being 80 tons. 
Speaking of the pig-iron trade last month, Messrs. Connal 
and Co. remark in their circular that the market throughout 
the month was quiet, and that the fluctation was trifling. 
The highest price paid was 51s. 7d., and the lowest 
50s. 11d., closing steady buyers at 51s. 2d. cash. The stock 
in store shows an increase of 51 tons, and now amounts -to 
170,467 tons, with warrants in circulation for 157,300 tons. 
In the Middlesbrough market a large business has been 
done, and the tendency is to lower prices. No. 3, f.o.b. 
Tees, is now freely quoted at 40s. 6d.,less 1 per cent. The 
stock in \|Connal and Co.’s yards is 59,000 ‘tons, being 
an increase of 6650 tons, with warrants in circulation for 
58,300 tons. There is no alteration to report in the number 
of blast furnaces in operation, the total still being 87 as 
against 104 for the same time last year. 


Clyde yon ne | Trade.—During the past month 
there was an unusual briskness in the launching of vessels 
on the Clyde, the total amount of shipping turned out being 
about 28,000 tons, the largest of any corresponding month 
since 1874, while the tonnage launched over the three 
months was almost the same as in the first quarter of that 
busy year. Theaverage size of the vessels launched during 
the month was fully 1000 tons, and only a little under that 
for the quarter, while the average for the three preceding 
years was only about 760 or 800 tons. The shipbuilding 
trade on the Clyde has not “7 ood prospects, but in 
several instances there is a good al of work in hand. 

Traction Engine Case at Wick.—Judgment was delivered 
at Wick last Friday by Sheriff Russell, in a case raised at 
the instance of the Caithness Road Trustees against, 
Alexander Lyon, Millton, and which was brought for the 
purpose of interdicting the defender from using his traction 
engine on the country. The sheriff found that the wheels 
of the traction engine used by the defender were constructed 
within the measuring and terms of the Act for regulating 
the use of locomotives on turnpike roads, and therefore he 
recalled the interim interdict pronounced by him on the 
11th of February last, and found the pursuers liable in ex- 
penses, 

University Honours.—In accordance with the recom- 
mendation of the Senatus Academicus of the University of 
Edinburgh, it is intended to confer a number of anne f 


awl degrees on the occasion of the arts graduation ceremo: 


which is to take place on the 23rd inst. Amongst the 
recipients of the honorary degree of Doctor of Laws, I ma: 
mention Sir Joseph Whitworth, Bart., and Mr. Samu 
Smiles, the author of “‘ Lives of the Engineers,”’ &c. 


New ZEALAND Ratiways.—The Waikato Railway, in 
the province of Auckland, New Zealand, was opened to 








Hamilton, December 19. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
good attendance on Change af, Middles h. Business 
was flat and prices were on No. 3 eland pig 
selling at 40s. per ton less one per cent. Merchants offer 39s. 
per ton for this quality. Consumers and brokers believe 
that ironmasters will lower their prices a shade, as they 
have reduced the cost ‘of visas J iron by reducing 
the wages of blast furnaeemen uying fuel cheap. 
Makers are resolved to maintain the present rates if pos- 
sible. Some of them have lost'money recently by dis- 
posing of their on Saal gba Se pemetir= not 
readily take less than the quotations now ing. 
political news checks trade. Owing to the 
of affairs in Europe, commercial peoplé will not take any 
definite steps at present, and contempla 
remain in abeyance until thewar cry is over. Should it 
unfortunately turn out that we are forced into a conflict 
the iron and allied trades of the North of England will be 
most seriously injured. The Cleveland masters’ Associa- 
tion returns for Maré have not been issued, but it is 
believed that when are publi they will not show 
any very material di relati' to last month. 
Messrs. Connal and Co. have in at their Middles- 
brough warrant stores 58,900 tons of pig iron. This is a 
slight decrease upon Jast week. 

The Gately Meeting F the Tron Trade.—Next Tues- 


e Tron 
day the quarterly i the of England Iron 
and Allied Trades will be held at Midd coe ad It is ex- 
pected that there: will be.a than usual. 


The Finished Iron Trade—Little demand and low prices 
describe the condition of the manufactured iron trade still. 
Should be permanently settled it is anticipated that 
trade will steadily revive. 


The Wages Question.—The es of the ironworkers of 
the North of England will be settled by arbitration. Mr. 
David Dale, of Darlington, has accepted the important 

sition of sole arbitrator. Both masters and men have 
implicit confidence in Mr. Dale, whose intimate knowledge 
of the coal and iron trades and vast commercial experience 
entitle him to be placed in the first rank of ironmasters, 
and amply qualify him to fill the —= to which he has just 
been appointed—namely, that of president of the British 
Iron Trade Association. The arbitration will be commenced 
on Monday. 


Mechanics and their Wages.—In Cleveland the me- 
chanics, smiths, pattern makers, and moulders, have 
recently had their wages reduced 10 per cent. Messrs. 
Bolckow, Vaughan, and Co.’s men refused to submit to this 
reduction, and proposed a compromise of 5 per cent. The 
firm declined to meet the men way, and have paid off 
a large number of » retaining only a few at a reduc- 
tion of 5 per cent. on their w: \s 

Iron Works and Profits.—Although trade was so terribly 
depressed last year Messrs. Bolckow, Vaughan, and Co., 
of Middlesbrough, were able to pay a dividend of 6 per 
cent. This company, however, in addition to excellent 
management by Mr. E. W. Richards, has the advantage of 
being self contained, and profits accrue on mines, collieries, 
blast furnaces, mills, engineering, steel works, ships and 
land. The Darlington Iron Company, like many others, 
were not able to make a profit last year. 

The Coal and Coke Trades.—The demand for all kind® 
of fuel is Prices continue low and until the iron 
trade revives no improvement is e 

Engineering and Shipbuilding.—A large number of 
steamers are being built on the northern rivers, and 
marine engineers are kept busy. On the Tyne and Tees 
the ship yards and engine shops are most actively e . 
In a short time the steel - which is being constru by 
Mr. Raylton Dixon at Middlesbrough will be launched. 
The trial of this vessel is looked forward to with interest. 








ARGENTINE DuTIEs ON MacHINERY.—The Argentine 
Republic has adopted a new customs tariff, by which steam- 
engines of less than 10-horse power, and non-galvanised 
iron, pay 15 per cent. ad va 3 coal, other than gas 
coal, 10 per cent., and ploughs, steam-engines of more than 
10-horse power, and iron wire and metallic telegraph posts, 
5 per cent., while locomotives, rails, and marine engines 
are admitted duty free. 


GILBERT ELEVATED RaILRoaD.—The Gilbert Elevated 
i will be in operation in about a month. There 

be thirteen stations between the Battery and Central Park. 
Trains will be run at intervals all night, and there will be 
special trains morning and evening for working men. 

ighty coaches, 45 ft. long, with seating accommodation 
for fifty-two passengers each, will be put on at once. 
Trains will consist of from two to four coaches, drawn by 
14-ton locomotives. 


Tue German [non TRADE—It is expected that the Ger- 
man iron trade will be favourably influenced by the great 
railway works projected by France. Bessemer in 
France have risen to 101. per ton; and although the price 
in Germany is about 30s. to 35s. per ton lower, Germany 
cannot export iron to France on account of the high import 
duty imposed. But the great demand in France will Re. 
vent the French manufacturers from com with Ger- 
many in neutral markets in foreign parts, the German 
works having hitherto been subjected to sharp competition 
by French ironmasters, parti ly by the grea‘ 
at Creus6t, in Italy, Spain, Switzerland, jum, 
Holland, Turkey, t, and other foreign countries. 
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NOTICES OF MEETINGS. 

THE INSTITUTION oF CIVIL ENGINEERS.—Tuesday, April 9, at 
8 pm. “The Embankments of the River Thames,” by Edward 
Bazalgette, Assoc. Inst, U.E. 

INSTITUTION OF MECHANICAL ENGINEERS. — Thursday, April 
llth, and Friday, April 12th, at the Institation of Civil Er- 
gineers, 25, Great George-street, Westminster. The chair will be 
taken by the President at 11 a.m,on each day, and there will 
be an adjournment for luncheon from 1 p.m. to2 p.m. The 
following papers will be read and discussed; ‘ On the Appliances 
and Operations for Raising the Wreck Edith, at fHolyhead,” by 
Mr. L. M. Kortright, of London; “Ona Floating Dock — an 
Improved System, at the Victoria Graving Docks,” by Mr. Charles 
Elwin, communicated through Mr. Druitt a age of London; 
“ On Experiments relative to Steel Boilers,” by Mr. William Boyd, 
of Newcastle-on-Tyne; ‘On the Construction of Armour to resist 
Shot and Shell,” by Captain OC. 0. Browne, R.A., communicated 
through Mr. B. C. Browne, of Newcastle-on-Tyne ; “ On Drilling 
Machines for Boiler Work,” by Mr. W. 8. Hall, of Nuneaton; “ On 
the Cost of Working Different Descriptions of Railway Traffic,” 
hy Mr. Francis R. Conder, communicated through Mr. Charles 
Douglas Fox, of London. 
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THE ADMIRALTY BOILER COMMITTEE. 

WHEN the Admiralty Boiler Committee was ap- 
pointed, it was doubtless considered by the Admiralty 
and those outside, who took an interest in the 
matter, that a large amount of individual experience 
bearing upon the deterioration of marine boilers 
would be found amongst the engineers and others in 
the Navy and in the different seaports in the country. 
There was also a vague impression that the know- 
ledge of the causes of the various kinds of deteriora- 
tion met with would to some degree be commensurate 
with the extent of this experience, and that this ex- 
perience and knowledge had only tobe collected, sifted, 
and oS my to the boilers in the Navy in order to 
make them all at least as durable as the longest lived 
in the merchant service. With this end in view, the 
first step taken by the Committee was to collect the 
opinions in written reports and from personal ex- 
amination of all the most eminent engineers, chemists, 
shipowners, boiler-makers, iron manufacturers, and 
others, who were in a position, or professed to be 
able to throw any li tt upon the subject of the 
rapid deterioration of the boilers in some of our iron- 
clads and other vessels of the Navy, and upon the 


remedies- to be-applied:-The-Oommittee~also- set 
themselves the task of carefully investigating all 
cases of corrosion and decay that had any bearing 
on the question; and-which they met with in our 
principal seaports and centres of mechanical en- 
gineering. ost engineers will find upon investiga- 
tion, however, that they have set too high a value 
upon the current opinions respecting the cause 
of the deterioration of marine boilers, and one of the 
conclusions we have arrived at after a perusal of the 
results of this careful inquiry, as embodied in the 
evidence and reports in the Blue Book of which 
we announced the appearance last August, is that of 
the experience of the effects which appear as pitting 
and general corrosion there is more than enough, but 
of any positive knowledge of the causes that have 
yo ay these effects there is scarcely any evidence 
at all. 

Even in those cases where the corrosion in boilers 
working with surface condensers has been prevented 
or arrested by a return to the means of protecting 
the plates and tubes, which fortunately, though 
accidentally accompanied the use of jet condensers, 
although the remedy has been adopted, the cause of 
the deterioration appears to have remained undis- 
covered. The above conclusion may seem very like 
an exaggeration to many, and perhaps a gross one to 
those who have, by adopting one or more of the 
fashionable theories that have so long been held by 
chemists, marine engineers, and others, satisfied 
themselves as to the causes of the pitting and other 
forms of wasting that occupy such a prominent 
position in marine engineering experience The just- 
ness of our conclusion is, however, borne out by 
the fact that the prevalent theories are generally not 
admissible, and when admissible they do not serve to 
account for all the various sorts of decay that take 

lace. 

P The ‘fatty acid” theory may possibly in some 
cases be the right one to account for the corrosion 
near the water level, when an accumulation of scum 
and tallow is found there adhering to the plates, 
with local corrosion going on beneath, but as the 
fatty acids are insoluble in water they cannot be 
assigned as the cause of the pitting and general 
wasting that goes on over the tubes, furnace shell, 
and tube plates, and over the steam chest, super- 
heater, and uptake plates, far removed from the 
reach of the water except when the boiler primes. 
In most cases where the damage has been ascribed 
to the action of fatty acids, their presence has not 
even been proved. ‘lhere is a total absence of evi- 
dence to show that the water in marine boilers ever 
gives an acid reaction, whilst, on the other hand, 
there is a considerable amount of evidence to show 
that whenever the water has been tested it has been 
found to be alkaline, and in spite of what some 
eminent chemists state of the possible action of fatty 
acids in boilers, and the fact that wrought-iron stills 
containing tallow at a high temperature are rapidly 
corroded, there is no evidence to show that Fatty 
acids have been present in numerous cases where the 
wasting in boilers has been ascribed to them. This 
wasting goes on in some cases where the oils used 
are mineral oils, which do not decompose to produce 
fatty acids in the boiler, 

The presence of acids has frequently been sup- 
posed to be established by the fact that zinc wastes 
more or less rapidly in boilers, It is, however, cer- 
tain that the wasting of zinc goes on rapidly by 
oxidation and attrition, where no acid can be present. 
When the zinc is in metallic contact with the boiler 
plates, stays, or tubes, its wasting may be wholly or 
partially due to galvanic action. It does, however, 
appear strange that in all the tests which we have 
seen recorded, sea-water, which contains salts that 
yield powerful acids in decomposing, has always 
been found to be alkaline rather than acid. e 
alkalinity of the water may have been found ata 
time when the acids produced by the decomposition 
of the salts contained in sea-water have left the 
water for the iron, and when the acidity had be- 
come neutralised by a concentration of the alkaline 
substances remaining after the decomposition. 

The theory of a galvanic action being set up 
between the copper or brass condenser tubes and 
the iron in the boiler with the water as an exciting 
agent is too far-fetched for us to discuss, and is pro- 
bably now not entertained by any one who has in- 
quired carefully. into the matter and who is. com- 
petent to form an opinion.. That a galvanic action 
may in some cases be set up between the shell 
plates and the icles of brass and copper from 





the feed pipes are carried by the friction of the 
feed into the bo er is ey arooihie, ‘but is highly 





improbable, with many waters where pitting ‘is 
found, Its effect would probably. be, found only 
near the boiler bottom, and not on the tubes and 
other parts of the shell, and certainly not in the 
steam space. 

The “ formation of a fatty compound of copper” 
theory, which assumes the copper in the brass con- 
denser tubes to be dissolved 4 the fatty acids .set 
free from the lubricants, and carried into the 
boiler, where it produces corrosion, may be. alto- 
gether discarded, as there isno evidence. to show 
that copper in this form ever enters the boiler. 
Condenser tubes rarely waste rapidly enough to 
supply copper in sufficient quantity to do much harm 
to the boiler. 

The “ presence of cinder” theory, which assumes 
the pitting to be due to the cinder left in the plates 
of the tubes and shell, cannot account for the 
various forms of pitting and corrosion that take 
place, and is altogether inadmissible in the case of 
steel plates, which often pit and waste in a still 
more irregular and apparently capricious manner 
than iron plates. 

The theory that surface condenser water changes 
its character as it becomes purged of air so as to 
become a “solvent” of iron, breaks down. alto- 
gether when used to account for the corrosion of 
boilers used with surface condensers, as the same 
wasting is found in boilers worked with jet con- 
densers which have been too carefully or rather in- 
judiciously cleaned, 

One circumstance, which is very striking in read- 
ing the evidence in the Blue Book, is the want of 
distinction made by witnesses of all kinds between 
the kinds of deterioration of boilers working with 
the two systems of surface and jet condensation, 
whenever the durability of the two classes of boilers 
is compared in cases where they have worn out 
very rapidly. The corrosion of the stays and upper 
parts of the boilers may be alike, but as a rule 
the portions of jet condenser boilers which act as 
heating surface fail from the effect of an over accu- 
mulation of scale, whilst the corresponding and 
other parts of surface condenser boilers soaslls fail 
from want of sufficient scale, 

The difference in the nature of the deterioration 
in boilers running long voyages and in those run- 
ning short voyages, does not appear to have been 
noticed by any of the witnesses, nor does the dif- 
ference in the nature of the decay of boilers in 
ships on foreign stations and those running from 
home ports. Until the nature of such differences 
has been merges by the Committee, and the 
causes ascertained, the means of prevention cannot 
be recommended to suit different cases. 

Altogether the mass of evidence given by wit- 
nesses of the same calling and profession was so 
poe yp and untrustworthy, that the Committee 
could only come to the conclusion that the large 
amount of evidence they had collected was on 
negative in so far as it was of any value at all, 
showing that very little or nothing at all was posi- 
tively known about the real cause of the rapid corro- 
sion that sometimes takes place in marine boilers. 
The only course to be taken by the Committee 
was to set about and find out for themselves the 
causes of the deterioration, and then to satisfy 
themselves as to the best means to apply as 
remedies. 

This result certainly does not say much for the 
scientific —t of engineers, It shows that it often 
requires a very long training to arrive at anything 
like the truth in very simple matters, and also, 
perhaps, that no amount of training will enable some 
per to form rational opinions on matters they 

ave come to regard as simple; that many people 
prefer to accept off-hand any plausible explanation 
they do not understand, but which sounds well when 
repeated, rather than trouble themselves to find a 
rational solution of their difficulties, which commends 
itself to their better understanding ; and that too 
many people who have had a scientific training, and 
are regarded as authorities in their own particular 
province, exercise too little discretion in assigning 
to effects causes that they must know are only 
possible, and may be imaginary, but which are sure 
to be accepted as actual and real by those who take 
the authorities as their guide, and act upon their 
suggestions. : 

As the collection of evidence occupied the time of 
the Committee till the beginning of 1876, the in- 
vestigations upon the results of which a report of 
fey vane only could be made could not have been 
well begun till about two years ago. The 
report was out of the hands of the Committee, and 
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submitted to the Admiralty some time since, but 
from someunexplained delay has been in the printer's 
hands ever since, and has not yet been presented to 
the Houses of Parliament, we therefore fail to see 
the justice of the severe remarks that were made 
upon the labours of the Committee, in the course of 
the recent debate on the Navy Estimates. We 
now learn that the Admiralty has decided to dispense 
with the services of the Committee at once. 
We cannot but regard this decision as a mistake, 
as there cannot yet have been sufficient time to 
determine whether the conclusions arrived at by 
the Committee are substantially correct or not, 
and no one will be found so competent as the 
members of the Committee to modify their remedies 
to meet the more difficult cases that are sure to be met 
with. From the nature of the questions put to the 
witnesses examined, and from the different turns 
taken by the ys wat we have no hesitation in saying 
it would be difficult to find anybody more com- 
petent to deal with the difficult matter than the 
present chairman of the Committee and the gentle- 
men by whom he has been so ably assisted. They 
have had better opportunities for observation and a 
wider range of experience than any one else of the 
decay that goes on in marine boilers, and no one 
we know of is better able to turn this experience to 
the best account. We trust, therefore, that the 
Committee will be re-appointed, as the matter they 
have to clear up is of the greatest national import- 
ance. The efficiency of our ironclads is only co- 
existent with that of its boilers. ‘The vessels are but 
hulks without their complicated machinery, which 
again is worse than useless without boilers, which 
are to a steamship what the stomach, heart, and 
lungs together are to the body. 

We are not yet aware what conclusions the Com- 
mittee have come to as regards the cause of the de- 
terioration they have been investigating. It appears 
to us that we have only to look at the rapid wasting 
that goes on outside a boiler where it leaks to find 
a solution of most of the mystery attached to the 
wasting complained of that goes on inside marine 
boilers since the introduction of surface condensa- 
tion. So long as many of the boilers in the Navy 
are allowed to be in what is equivalent to a chronic 
state of leakage inside, it is not to be wondered at if 
they waste as quickly there as every one knows they 
do outside when allowed to Teak there too. In 
any boiler, where the plates are not protected by 
scale, it only requires a supply of air with its con- 
tained oxygen and carbonic acid in the presence of 
moisture either inside or outside, to produce wasting, 
the rapidity of which will be proportionate to the 
facilities afforded for the access of the air to the 
partaffected. The wasting outside in the fluesis 
increased by the addition of sulphurous and other 
acids fromthe products of combustion and surround- 
ings of the boiler, and the wasting inside marine 
boilers is assisted principally by the liberation of 
hydrochloric acid from the contained chlorides. 
The form taken by the corrosion depends greatly 
upon the temperature and other conditions, and 
has not yet been altogether satisfactorily explained. 
We shall take an early opportunity of returning to 
this subject. 


CONTINUOUS RAILWAY BRAKES. 

TWENTY-ONE different railway companies have 
recently forwarded returnsto the Railway Companies’ 
Association, showing the action they have taken in 
fitting their stock with continuous brakes. These 
returns show that some considerable progress has 
been made in this all-important matter, and the 
opinions expressed as to the relative merits of the 
different systems are gradually becoming to have 
more uniformity and value. The accompanying 
Table shows the extent to which the various classes 
of brakes have been fitted up by the different com- 
panies which have just furnished returns. They do 
not, however, afford complete information, as, for 
example, the Smith vacuum is appliec to the stock 
of the Metropolitan Railway, and the North-Eastern 
have unanimously adopted the Westinghouse auto- 
matic on their extensive system. Exclusive of the 
Clark and Webb brake, the efficiency of which has 
of late been so severely criticised by the Board of 
Trade, it will be seen that the Westinghouse 
(making allowance for the extensive additions in- 
volved by its adoption on the North-Eastern) is by 
far the most largely adopted. As to the opinions 
by the companies on the automatic and 

vacuum, we find with reference to the former that the 
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* Ten engines and 63 carriages. 
+ One train lately fitted with Sanders’ brake. 


worth present consideration, that is automatic in its 
action. The importance of this qualification is 
beginning to be understood. Those companies who 
have experimented or partially adopted the vacuum 
brake speak favourably of its action, though two 
companies, the Great Northern, and the Man- 
chester, Sheffield, and Lincolnshire, while referring 
to its not being an automatic brake, speak of ‘a 
simple automatic arrangement to meet this want.” 
We presume that reference is made to the revolving 
firework attachment, of which we published a draw- 
ing and description recently. There are so many 
obvious objections to this arrangement that we are 
somewhat surprised that it should ever have been 
brought before the public, and we apprehend that a 
short course of experiments will be sufficient to 
prove its unsuitability for the purpose, and that the 
vacuum brake must remain without a non-automatic 
appliance. One of the warmest advocates of the 
vacuum brake recently stated at a meeting of the 
Institution of Mechanical Engineers that it ‘‘ was 
good enough for all ordinary purposes,” and this 
exactly expresses its degree of merit when it is 
properly maintained in working order. 








AN ENGINEERING LABORATORY. 

Ir is some time since we drew the attention of our 
readers to the proposal which had been made to 
establish an ‘“‘ engineering laboratory” at University 
College, and mentioned that the college had applied 
to the Royal Commissioners of 1851 for a grant of 
money to enable it to carry out the plan. Its ap- 
plication was supported, later on, by a very strong 
memorial, signed by many of the principal engineers 
in the country, Sir Joseph Whitworth, Sir William 
Armstrong, Sir Joseph Bazalgette, Mr. I. Lowthian 
Bell, Mr. Fowler, Mr. Hawksley, Mr. Menelaus, 
Mr. E. J. Reed, Dr. Siemens, Mr, John Penn, and 
many others. We understand, however, that no 
decision has yet been arrived at by the Com- 
missioners in reference to this application, nor 
indeed to any of the others which were sent to them 
from all parts of the country about the same time. 
Under these circumstances we are very glad to be 
informed that the Council of University College 
has resolved not to wait longer in the hope of 
receiving a favourable answer from the Com- 
missioners, but to start the laboratory at once on 
such a scale as is permitted by their own means, with 
euch external assistance as they are able to obtain. 
The scheme of the laboratory seemed to us a very 
promising one, and judging from the memorial (above 
mentioned) which lies before us, our opinion as to 
its practical value has been shared by almost all the 
leading members of the profession. If it be as useful 





testimony in its favour is unanimous, both as 
efficiency and reliability, while it is the only brake 


as we imagine, it is certainly better that it should be 
commenced at once, although on a small scale, than 





In conjunction with Fay’s brake. 


The whole of the stock on this line is to be fitted with the Westinghouse automatic. 
§ sr eae trains now fitted, and eight more to be fitted, making about 300 carriages, and constituting the whole 
stock. 


that nothing should be done at all because the whole 
cannot be carried out immediately. Once started 
it will doubtless grow quickly enough, if it fulfils 
the expectations which have been formed of it. The 
laboratory will be under the charge of Professor 
Kennedy, and we believe that it is to be opened for 
work at the commencement of the next session of 
the college. We hope before then we may be able to 
give some details of the testing and other ae 
placed in it. It will be a matter for the college to 
consider if it cannot so arrange the laboratory as to 
make its teaching available to men already engaged 
in offices or works, to whom it would be most 
valuable, as well as to those who have time and 
opportunity to become regular students. 

The Council of University College is also asking 
er for a new professorship (‘* Mechanical 
Technology”) which it is establishing in connexion 
with the engineering department of the college. We 
hope that a good man may be found to fill the chair, 
if so it is likely to add considerably to the usefulness 
of the department. 








THE PARIS EXHIBITION.—No. XX. 
To the casual observer it would pes difficult 
of belief, that during the few weeks which lie between 
the present date and the lst of May, the unfinished 
works of the Paris Exhibition can be brought to ap- 
roach completion, or thatthe grounds nowapparently 
in a state of chaos can be reduced to order, and 
converted into finished gardens. But those who 
watched the progress made during the few weeks 
that preceded the opening of the last Paris Exhibi- 
tion in 1867, or of that at Vienna in 1873, or of the 
Centennial in 1876, know how much is possible to be 
performed in three or four weeks, or even in as 
many days, and such observers, seeing that the works 
at the Champ de Mars and the Trocadéro are in at 
least as forward a state as those of any previous 
exhibition, have little anxiety as to the result. It 
may be interesting to give on the present occasion 
some idea as to the present condition of 
the state of the buildings, though it must be borne 
in mind that any such remarks refer to a few days 
back, and that they cannot form quite a faithful record 
of works, the aspect of which varies almost hourly. 
To begin with the Trocadéro. The circular basin 
in the Place du Trocadéro, with its central cluster 
of jets for water display, and its group of mains 
by which it is filled and emptied to supply 
part of the service of the Exhibition, is com- 
plete. The ground in front of the facade of the 
alace facing the Trocadéro is still in all the con- 
fasion and disorder common to the ground surround- 
ing any building in progress. The facade itself 
is practically complete, except some of the Mosaic 
decorations, which are artistically introduced to give 
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colour and variety to the great area of brilliant 
white stone, of which the facade is built. One of 
the high towers flanking the Great Central Hall is 
finished, the other is growing into shape within the 
lofty scaffolding. In the hall itself, although the 
roof is up and finished, but little progress seems to 
have been made of late, and the unfinished walls, 
the forest of scaffolding which completely fills the 
hall, and the general ‘air of quiet which per- 
vades the place, would lead to the belief that 
four months instead of weeks were necessary to 
finish it. But despite this apparent absence of 
energy, the ‘work is being pushed on with great 
rapidity, and by night as well as by day forces of 
workmen are continuously engaged. Distributed 
around the hall are sixteen lamps, containing the 
Jablochkoff candle, which illumines the whole of the 
vast space at night with such completeness that no 
difficulty in working is experienced. We may re- 
mark by the way that the Jablochkoff candle, in Paris, 
seems to be on the road to achieve success, as shown 
by the nightly illumination of the Place de l’Opera, 
the Figaro office, the Trocadéro Palace, the works of 
the new Continental Hotel, in the Rue de Rivoli, and 
other places, 

The Palace of the Trocadéro is reared on vast 
and massive foundations, some carried down as far as 
60 ft., others resting on the bed rock nearly at the 
surface. When the stone underlying the Trocadéro 
was quarried, the place was left in about the worst 
possible condition for subsequent building opera- 
tions, and the transformation ata later date of these 
quarries into a steep but smooth park, produced a 
deceptive surface, which caused theactual expenditure 
on the palace to exceed the estimate by a very large 
sum, The underground portion of the work is 
arched, and these arcades follow around the central 
hall, and along each wing, forming a convenient place 
for laying the great mains for feeding the grand 
cascade, but they are apparently useless for any 
other purpose. Underneath the hall and below 
the level of these subterranean arches is a chamber 
containing the engines and boilers employed to 
ventilate the hall, and which partly used at present 
for driving the Gramme machines in connexion with 
the electric lights before mentioned. 

The two towers which flank the Main Hall will 
each of them contain a hydraulic lift rising to a 
height of 203 ft. 6 in. One of these is being made 
by MM. Edoux et Cie., of Paris, and the other 
by MM. Bonn and Lustrement, also of Paris. The 
plunger carrying the platform is in each case 153 in. 
in diameter, and the platforms will be sufficiently 
large to accommodate each of them forty persons 
at atime. These platforms will be guided by four 
columns at the angles, and through each of them 
will pass weights to balance the platform and the 
plunger ; these lifts are not yet completed, and the 
work of sinking the shafts to contain them has been 
a long and costly one. For the first 65 ft. the shafts 
have had to be sunk through limestone, a water- 
bearing sand is then met with, and the chalk lies 
below; on one side the shaft strikes into the 
catacombs ; the diameter of each shaft is 293 in. and 
they are lined with wrought-iron tubes about 8 ft. 
long joined together with internal sleeves. Com- 
paratively little remains to be done towards the 
completion of the Trocadéro Palace, with the ex- 
ception already mentioned of the Main Hall, and 
the greater part of the carving on the bases and 
capitals of the long rows of columns is nearly 
finished. The internal decoration is also well ad- 
vanced, and the colouring on the wall of the open 
gallery of each wing is arranged so as to throw into 
strong relief the colonnade which forms the facade 
to the wings. The cascade from the Chateau 
d’Eau connected to the Main Hall, down to the 
large basin, situated about the centre of the Troca- 
déro grounds, together with the series of seven 
small cascades with the basins on each side, is also 
practically finished and the fountains and jets are 
in place, the statuary, however, has to be added. 
The fresh-water Aquarium, drawings and descrip- 
tion of which have already appeared (see ENGINEER- 
ING, page 42 ante), is also finished, and the tanks 
are glazed, The sheets of glass, which in every case 
appear rather too small, are supported by iron frames 
resting against rubber cushions. Theiron frames are 
concealed by artificial stalactites and rockwork. ,All 
the class of work of which the aquarium is composed 
is extremely well executed, and the light, ost 
coloured by passing through the water, gives a har- 
monious tone to the half-illuminated galleries. The 
Algerian Palace, illustrated by us on page 158 anée is 
almost complete, and forms one of the most striking 





objects inthe grounds from its great size, and the bril- 
liant whiteness of its fagade rendered more striking 
by the decorations in encaustic tiles. The ‘‘ Adminis- 
tration des Eaux et Foréts” have quite a group of 
buildings standing in their own enclosure; the 
principal of these is about 128 ft. long by 42 ft. 
wide, its facade is somewhat rustic, and displays 
specimens of every variety of wood indigenous to 

rance, Its contents will be divided into three 
sections, the first of which will illustrate the 
principal and scientific data upon which the Ad- 
ministration of Forestsdepend. The second section 
will illustrate the method of working forest 
industry in general, including the reclamations and 
settlements of dunes, the creation and main- 
tenance of forests, turfing mountain districts, &c, 
The third section will contain the results of work- 
ing, forest products, and their employment in art 
and manufacture. The first section is the especial 
work of the Forest School at Nancy, and it will 
present complete statistics of the forests of France 
belonging to private individuals as well as to. the 
State. The exhibits in the second section will con- 
sist chiefly of plans, maps, drawings, and models 
in relief. Among the latter one of the most re- 
markable will be that showing the Forest-road of 
the Grande Chartreuse. A series of maps will illus- 
trate the reclamation work above alluded to, the 
first showing the position and extent of the dunes 
in 1800 before any reclamation works had been 
commenced, and another showing the gradual 
progress that has been made. This section will 
also exhibit horticultural and garden implements. 
The third section will comprise data in great detail 
on the uses of wood in industry. This information 
will be embodied in a series of publications, of 
which two—on the use of timber in mines and the 
manufacture of wood paper—are already printed. 
The plans of the building were prepared by M. 
Etienne, architect of the Exhibition, and it was 
constructed by M. Limmonet. Close by this pavilion 
are some small annexes, one of which, 72 ft. 
by 36 ft.., will be devoted to the exhibition of useful 
and noxious insects. Another building, 39 ft. by 
39 ft., is set apart for meteorological exhibits, and 
one 36 ft. by 36 ft. is devoted to bees. ‘T'wo large 
restaurants, each 131 ft. long, are placed about the 
centre of the Trocadéro grounds, one on each side 
of the large basin of the cascade. Close to the 
river, between the parapet walls of the Quai de 
Billy and that of the new sunk way, is placed the 
annexe of the Génie Civil, three large buildings, 
each 147 ft. 7 in. long by 60 ft. 7 in. wide, 
and connected by two vestibules, 36 ft. long. In 
front of these buildings, and nearly on the level of 
the river, are the two pumping stations, one the 
exhibit of MM. Lebrun et Cie., and the other of 
MM. Leconteux et Garnier. Between the opposite 
parapet of the sunk way and the space belonging 
to the Administration des Foréts, are a large 
number of small detached buildings to contain the 
exhibits of Class 66. This class comprises civil 
engineering, public works, and architectural ex- 
hibits, and will include: 1. Materials for construc- 
tion, stones, wood, and metals, lime, mortar, cement, 
artificial stone, béton, tiles, bricks, slates, &c. 2. 
Material and plant for preserving wood, with 
specimens of the finished products, and testing ma- 
chines. 3. Civil engineering plant, such as exca- 
vating machines and earthwork tools. Machinery 
and apparatus for making foundations, pumps, 
pneumatic apparatus, dredging machines, &c. 4. 
Material for the distribution of water and gas for 
the maritime grounds, 5. Models, plans, and 
drawings of public work, bridges, viaducts, aque- 
ducts, canals, locks, barrages, &c. 6. Lighthouses, 
public monuments, civil buildings, workmen’s dwell- 
ings, &c. Occupying a similar position on the 
Quai de Billy to that of the buildings of the 
Génie Civil, on the other side of the Pont d’Jena, 
are three other pavilions of the same size, but 
disconnected, these will contain the exhibits of 
Class 64. ‘This class refers especially to railway 

lant, and includes; 1. Miscellaneous details. 2. 

ixed plant, rails, fishplates, points, crossings, turn- 
tables, water cranes, and signals. 3. Fixed plant 
for tramways. 4. Rolling stock, passenger cars, 
ballast, goods and cattle wagons. 5. Ballast engines 
and hand-moved cars. 6. Special plant for the con- 
struction, maintenance, and repairs of material. 7. 
Plant and machinery for inclined planes and for atmo- 
spheric railways ; models of engines, systems of trac- 
tion, &c, 8. Models and plans of stations, depéts, &c. 

A considerable number of small conservatories are 
scattered over the Trocadéro grounds, near the Quai 





de Billy ; these are nearly finished and call for no 
special remark. Japan, Persia, and China will, 
doubtless, attract a large amount of attention. The 
exhibits of Japan will be contained in one rectangu- 
lar annexe, surrounded bya number of small detached 
pavilions, the whole enclosed in a garden illustrating 
the highest development of Japanese horticulture 
and arboriculture. ‘The Persian palace is about 51 ft. 
long by 30 ft. wide, and the style of architecture, 
although purely national, is strikingly similar to 
that affected by English architects in designing dis- 
senting places of worship. The most remarkable 
feature of the buildings is the ceiling of its main hall, 
which is composed of an almost countless number of 
small mirrors arranged in facets, This extremely 
difficult work has been beautifully executed by the 
Persian workmen, by whom indeed the whole of the 
annexe has been constructed. The Chinese pavilion 
is an extensive one, consisting of one principal hall 
and two wings; itis built entirely of wood, which 
was brought, carved and painted, ready for erection, 
from China, Tunis is rapidly completing an exten- 
sive and gaily-painted annexe, and the beautiful tim- 
ber buildings of Norway and Sweden close by, will 
form a striking contrast to the structures which illus- 
trate totally different standards of civilisation, A 
Swedish campanile of elegant design will form a 
centre to this group of buildings, of which Tunis, 
Japan, China, and Persia make the boundaries. 
The roads and paths dividing the Trocadéro 
grounds are nearly finished, the beds are levelled 
and made up, and grass, trees, and flowers are here 
and there in place. The widening of the Pont 
d’Jena is nearly finished ; the breadth of the plat- 
form has been increased from 55 ft. 9. in. to11] ft. 6in. 
The permanent bridge has not been touched, but 
short cast-iron standards have been placed at inter- 
vals upon the roadway and close to the parapets, 
which are somewhat lower than the height of the 
columns, Upon these latter a system of longtitudinal 
and transverse girders has been laid to carry the new 
roadway. It was originally intended to lay downa 
tramway upon the grounds of the Champ de Mars, 
over the Pont d’Jena to the Trocadéro, but this idea 
has been abandoned, and the new bridge will be 
used only for foot-passengers, The high and low 
pressure water-mains are laid upon the roadway of 
the permanent bridge, the new platform being about 
3 ft. above the level of the Quai de Billy and 
d'Orsay. Inclined approaches are therefore being 
made from the grounds on each side to the bridge, 
and the two large groups of statuary at each end of 
the Pont d’Jena are now isolated. 

Outside the Quai d’Orsay, near the level of the 
Seine, and eo the buildings’ of the Génie Civil 
and those of Class 64, are arranged three large 
annexes—the first, 279 ft. by 43 ft., devoted to 

umping machinery ; the second, 492 ft. by G1 ft., 
for exhibits relating to navigation, the saving of life, 
and fires ; and the third, 508 ft. by 61 ft., will con- 
tain the exhibits of the commercial ports of France, 
a valuable and important collection, a description 
of which we have already published (see ENGINEER- 
ING, page 302, vol. xxiv). Upon the Quai d’Orsay 
between its parapet and that of the narrow sunken 
way, are a large number of conservatories and small 
annexes for the exhibition of horticultural imple- 
ments and material. Two fountains, the exhibit 
of M. Durenne, will also be placed in this part of 
the grounds. At the corner of the Avenue de Suffren 
and the Quai d’Orsay is placed the Champ de Mars 
station of the Chemin de fer de Ceinture; opposite, 
is the Porte de Grenelle entrance to the Exhibition, 
and close by the small buildings of the douane, 
octroi, firemen, and police. The Geneva Convention 
are located close to the Porte de Grenelle, and have 
a space of 246 ft. long by 60 ft. wide, comprising a 
number of buildings, in which will be exhibited 
ambulance cars, &c, Spain is completing a fine pa- 
vilion opposite the Geneva Convention space, and 
close by is the building of the Prince of Monaco, 
who, it will be remembered, made an attractive 
display at the Vienna Exhibition. Proceeding down 
the space between the main building on the Champ 
de Mars and the Avenue de Suffren we pass, first, 
the yer paso annexes of this country described in 
our last number, followed by that of the United 
States, which, at the last moment, decided to take a 
part in the Exhibition, and whose eight hundred ex- 
hibitors have despatched their goods by three vessels 
now almost due. Messrs, Pettit and Smith, whose 
names will be remembered in connexion with the 
Philadelphia Exhibition, are incharge of the American 
section, and Mr, Pickering, who so successfully super- 
intended the mechanical section atthe Paris Exhibition 
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of 1867, and that of Vienna in 1873, has accepted a 
similar position on the present occasion. The Ameri- 
cans have erected an agricultural annexe similar 
to. and forming an extension of that of England. 
Sweden, Norway, Italy, Austria, and Hungary 
follow, the two latter with a very large annexe, 
which is in a somewhat backward state, Russia, 
Switzerland, Belgium, Denmark, Portugal, and Hol- 
land occupy the remaining space on this side. The 
Belgium annexe is the only important one of all 
these, and will be 276 ft. long by 79ft. wide. Of 
the boiler-houses, that of England is the only one 
near completion. ‘That one belonging conjointly to 
Switzerland and Belgium is, however, well advanced, 
and has four boilers in place, two by MM. Barbe, 
Pety, and Cie., of Molenbreek, near Brussels, and 
two from Switzerland, one sent by Messrs, Sulzer 
Brothers, of Winterthur, and the other by Messrs. 
Esscher Wyss and Cie., of Zurich. The English 
Section alone has one boiler-house to itself, the 
others are grouped as follows:—United States and 
Sweden, Austria and Hungary, and Switzerland and 
Belgium. Facing the Ecole Militaire are two large 
restaurants of the second class, an Austrian bakery, 
the pavilion of the Minister of the Interior, and 
three pavilions devoted to 17, 64, 14. Class 17 
comprises cheap and costly furniture; Class 64 has 
been already referred to, and Class 14 includes 
medicine, hygiene, and appliances and material for 
the relief of physical suffering, including instruments, 
apparatus for saving life from water and _ fire, 
surgical mechanics, and models and plans of hospitals, 
asylums, &c., and veterinary surgery. 

At the angles of the Champ de Mars are the Porte 
Dupleix and the Porte Tourville. Between the 
annexes just mentioned, and the vestibule of the 
Exhibition, miscellaneous exhibits—bell-founding, 
electrical instruments, heavy ceramic objects, painted 
glass—will be collected in separate buildings. 

The space between the exterior gallery of the 
Exhibition and the Avenue de la Bourdonnaye is 
occupied entirely by French annexes, viz., the two 
great auxiliary machine galleries, and the adminis- 
trative buildings described in a recent number. 
See ENGINEERING, page 225. (Here are also the five 
‘rench boiler - houses, containing, respectively, 
boilers exhibited by (1) Messrs. Chevallier, Grenier, 
and Droux, of Lyons; (2) MM. Boyer and Cie., 
of Lille; this boiler-house is completed. (3) The 
Belville Boiler Company; (4) Messrs. Weyer and 
Richmond, of Paris ; (5) he Fives Lille Com. 
pavy. This brings us again to the space in front of 
the vestibule facing the Quai D’Orsay, where the 
Ministére des Travaux Publiques hasa large annexe 
which has already done service at the Philadelphia 
Exhibition. A smaller state pavilion is placed in 
this part of the ground, and the other principal 
annexes are those of Creusét, Terre-Noire, St. 
Chamond, the building of the Paris Gas Company, 
and another devoted to heating and lighting ap- 
pliances. These various buildings leave but little 
space available for decorative gardening, but it is 
needless to say that the best use has been made of 
all the available ground, and in front of the 
Grand Vestibule are two pieces of ornamental water, 
with rockwork, grottos, and sloping banks already 
turfed and planted. 

The palace of the Champ de Mars is, as already 
stated in our last article, so far advanced, that it 
will be completed before the lst of May. Whether 
the exhibitors will have done their part, is however 
very doubtful. ‘The domes of the vestibule facing 
the Seine are nearly completed. The contract for this 
work was undertaken by MM. Eiffel, of Paris. We 
have already published views of the facade showing 
these domes (see ENGINEERING, vol. xxiv., pages 282 
and 283), and shall shortly publish detail drawings. 
The open spaces in the standards of the facade are 
filled in with coloured faience, and the semicircular 
arches, which form a leading feature of each dome, 
are decorated with enamelled iron plates. The groups 
of statues and shields which crowa the top of each 
standard along the facade are most of them in place 
but they are not yet coloured. The glazing in the 
front is practically finished, the glass being in two 
tints. Altogether there is a large amount of colour 
in the facade, which imparts a lightness and brilliancy 
to the building, of which no idea is conveyed by the 
drawings. The vestibule itself is rapidly receiving 
exhibits. In one pavilion the Canadian trophy is 
being pushed forward, in the other a large French 
monument advances towards completion, The great 
Indian trophy is also in progress. The ceiling of 
the vestibule is very highly decorated. The whole 
of the construction is, as has been already explained, 


concealed by moulded plaster panels, and these, 
covered with gilding and heavy colour, impart 
much richness to the interior. The spaces between 
the standards in the inside are filled in with 
coloured and moulded plaster work. The vestibule 
opposite the Ecole Militaire has no domes, but the 
general features of the design are otherwise similar. 
The colouring of the ceiling is far less elaborate, but 
the effect produced is extremly good nevertheless. 

The whole of one side of the building is devoted 
to French exhibits. The narrow gallery outside the 
Machinery Hall will be occupied by food products, 
carriages, harness, &c., and the corresponding one 
on the inner side with mineral and metallurgical pro- 
ducts, forest products, drying and bleaching ma- 
terials, fishing and hunting apparatus, chemicals, 
leather, and skins. The two main industrial halls 
are divided out as follows, commencing from the 
vestibule opposite the Seine, and going towards the 
Ecole Militaire: bronze and cast-iron artistic work 
and répousse ; firearms; military exhibits; flax and 
cotton tissues; exhibits of furniture and carpets, 
illustrating all grades of manufactures from the 
cheapest to the most costly ; silk fabrics ; wool and 
woollen fabrics; lace; ceramics and glass ; clocks; 
goldsmiths’ work and jewellery ; cutlery ; clothing ; 
fabrics for upholstery ; coloured paper, gas-heating 
and lighting apparatus; shawls; travelling encamp- 
ment equipments ; and leather work. In the inner 
narrow galery, the Minister of Public Instruction 
takes the first place, followed by the highest grade 
of education, and secondary and first-class training. 
Then succeed books, printing, instruments of 
precision, medicine, &c., paper and art binding, 
photographic apparatus, drawing and modelling, 
maps, geographical and cosmographical pare 
and musical instruments, As already stated, the French 
exhibitors are obliged to divide the spaces allotted 
to different groups into separate chambers or saloons. 
The effect of this subdivision will of course entirely 
destroy all effect of perspective in the building. On 
the other hand a large additional amount of wall space 
will be obtained, the objects in the different groups 
will be enclosed with harmonious surroundings, so 
that not only will the effect of the various exhibits 
be enhanced, but the attention will be concentrated 
with greater ease. The great variety of decoration 
will also increase the colour and richness of the 
exhibition. These saloons will not be open to the 
roof, but will be covered at a proportionate height 
from the ground by a linen ceiling of prescribed 
texture and colour, so that all the construction of 
the building will be hidden, and a subdued though 
ample light will be diffused over the exhibits. 
Throwing out of consideration the great expense 
brought upon the exhibitors by this construction we 
consider that the loss of a good general effect will 
be more than compensated by the advantages gained. 

The fine arts galleries are nearly complete, and 
ample space has been allotted to the various 
countries. The central building of the Ville de 
Paris will be a remarkable structure in ironwork. 
Itis being built by MM. Eiffel, the constructors of 
the great bridge upon the Douro, and of whom we 
may observe that they appear to have taken the 
lead in France for the execution of bold and 
beautiful engineering works. 

On the foreign side of the Champ de Mars build- 
ing, the various countries are disposed in the follow- 
ing order: England and her colonies, the United 
States, Sweden and Norway, Italy, Japan, China, 
Spain, Austria and Hungary, Russia, Switzerland, 
Belgium, Greece, Denmark, Central and Southern 
America, Persia, Siam, Morocco and Tunis, The 
Grand Duchy of Luxembourg, Monaco, Portugal, 
and Holland. The distribution of space in the Ma- 
chinery Hall and outergallery follows the same order, 
except that several of the nationalities do not exhibit 
there. The facades in the ‘‘ International Avenue” 
will form one of the novel and attractive features 
of the Exhibition, all of the countries present 
having occupied their space fronting this road in 
such a manner as they found most desirable, 
have already described the English facades, and 
must leave to a future occasion any notice of the 
others, when illustrations will convey a far clearer 
idea of them than any written explanation. Con- 
spicuous amongst them will be the facades of Italy, 
Austria and Hungary, and Belgium; the latter 
country is spending no less than 6000/. in the 
erection of the magnificent pile of marble, which 
will form at once an interesting exhibit of the build- 
ing material of the country, and an architectural 
monument, 





We regret to observe that the general effect of 
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the Exhibition is likely to be marred by, the dis- 
figurement of the large windows of the building 
with advertisements. These windows are rented 
at a high figure to be filled with gigantic trade an- 
nouncements of every possible description, and the 
appearance of the placards —— ges promises 
badly for the future. In the British Section Mr, 
Owen has peiclonsiy: softened down this effect by 
admitting the announcements of only such engineer. 
ing firms as have been disappointed of space, and 
wish to have their names appear in connexion with 
the undertaking. The names, addresses, and trade 
announcements of such firms will occupy each one 
window of the British Section, the middle of the 
blind or screen on which the notice appears being 
occupied with an illustration of the specialty of 
their manufacture. The screens will all be sur- 
rounded with an ornamental border of . similar de- 
sign. But this expedient will only reduce, not 
remove, the objectionable nature of this mode of 
advertising. 

We must not omit to mention in this article the 
extensive agricultural annexes of the French Sec- 
tion, which extend along the Quai d’Orsay far 
beyond the limits of the Champ de Mars, nor the 
large area covered with sheds in the Place des In- 
= where the exhibitions of live stock are to be 

eld. 

We publish this week a two-page 
taining a plan of the Champ de Mars, the Exhibition 
Building, and some of the principal annexes. This 
plan shows the disposition of high and low-pressure 
mains, sewers, and railroads; the latter are used 
exclusively for the transport ot materials and ex- 
hibits, and will be covered over before the lst of 
May. The plan also shows the position of flushing 
valves, hydrants, watering and fire-plugs, and steam 
hydrants. A full description of the water service 
was given in ENGINEERING, page 487 of our last 
volume, and page 3 of the present one. 


late con- 








STEAM BOILER EXPLOSIONS. 
_ THE Manchester Steam Users’ Association is persevering 
in its endeavours to get the Government to interfere to 
ay the continued sacrifice of human life from steam 
iler explosions, and we publish below a communication 
_ sent by the President of the Association, Mr. Hugh 
ason, to the Home Secretary, Mr. , and other 
members of the House of Commons. 

The great loss of life which it has recently been our 
painful duty to record as occurring at collieries, makes us 
appreciate the more highly the endeavour of any to diminish 
the Joss of life in the branch of industry with which they 
are connected, and terrible as such visitations as colliery 
explosions are, we cannot but think that the exercise of 
due precaution would diminish their frequency. There was 
a time when it was considered that steam boiler explosions 
were mysterious, and had jto be accepted as an unavoidable 
accompaniment to the use of steam, just as storms have to 
be faced by the mariner and the bullet by the soldier. The 
labours of the Manchester Steam Users’ iation, how- 
ever, have shown that steam boiler explosions, though com- 
plicated and destructive in their results, may, in the 
majority of cases, be prevented by competent iodical 
inspection. It cannot, therefore, but be wished that so 
simple a precaution should be as widely adopted as possible, 
and we cannot but think that an extension of the principle 
of inspection, which has proved itself competent wherever 
adapted to the prevention of boiler explosions, might do 
something, at events, to lessen the loss of life in other 
of the world’s industries, and thus reduce the number of 
explosions at collieries, and ‘the number of wrecks at sea 
from the use of unseaworthy vessels. 


The Manchester Steam Users’ Association for the Pre- 
vention of Steam Boiler Explosions, and for the Attain- 
ment of Economy in the Application of Steam. 

Offices : 9, Mount-street, Manchester, 
April 4, 1878. 

Mr. L. E. Fletcher, Chief Engineer. 

Sir,—Allow me, as President of the Manchester Steam 
Users’ Association, to call your attention, as I have done 
on several previous occasions, to the sacrifice of 
human life that is constantly occurring from steam boiler 
peoiestons. eae 3 last year 52 persons were killed = 

inj » while duri e past ten years as many as 

ons have been killed and 1006 chm inj . These 
gures, it must be remembered, by no means represent the 
total suffering entailed, since many of those killed were 
read-winners, and left behind them widows and orphans. 
It has been the practice of this Association for years to 
make a careful investigation of nearly every osion that 
occurs throughout the United Kingdom, and result of 
these investigations has been to show that explosions arise 
from the simplest causes and that in far the greater 
number of instances they are due simply to the use of 
boilers too weak for the pressure at which they are worked, 
this weakness arising in some cases from wear and tear, 
and in others from original ion. In all such 
cases competent inspection would detect the in time 
to give warni prevent the explosion. 
circumstances the Committee of 

ciation cannot but consider that it is the dut 

Government to interfere in the interest of the publi 
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and to put some judicious pressure on steam users so as to 
stimulate them to the use of due precaution. 

The Committee highly appreciate the interest that the 
Home Secretary, Mr. Assheton Cross, has evinced in this 
question and the response he has made to their representa- 
tions by sending on two or three occasions a legal or a 
scientific assessor to assist the coroner at his inquisitions 
consequent on boiler explosions; but while they tender 
their warm thanks to Mr. Assheton Cross for his action in 
the matter they cannot but think any attempts to attain 
satisfactory investigations with regard to boiler explosions 
by coroners’ juries will prove useless. The constitution of 
coroners’ juries is such, at all events as a rule, that how- 
ever adapted they may be for dealing with the questions 
ordinarily brought before them, they are not adapted for 
investigating the cause of boiler explosions, and therefore 
the Association urges that, without in any way interfering 
with the coroner’s court, such investigations should be 
held by some other court more competent to deal with 
scientific questions. Such a course, as I have taken 
occasion previously to state, is already adopted under the 
‘* Merchant Shipping Act,’ when boiler explosions occur 
at sea; while, by that court, investigations are held even 
in those cases where the victims of the explosion are 
drowned and their bodies not recovered, and also where 
the explosions are not fatal. Under such circumstances, 
inquisitions by the coroner are not held, and therefore 
much valuable information tending to the public safety is 
lost. 

Should it be thought desirable that Governmental action 
should be carried a step further, and that it should be 
enacted that no boiler should be allowed to work unless 
annually examined and certificated, the Association would 
be prepared to submit for consideration a measure to that 
effect, which would secure the safety of the public without 
harassing the steam user. The Committee entertain a 
most wholesome dread of Governmental interference with 
the management of private concerns, and, being themselves 
large users of steam power, would propose no measure for 
adoption that would prove injurious to boiler owners. 

The course, however, the Association recommends for 
immediate adoption is not a system of compulsory inspection, 
but simply the institution of a searching investigation, bya 
duly competent court, in the event of every explosion, 
whether fatal or not. It is hoped that such investigations 
would of themselves stimulate steam users to an exercise of 
due precaution, while should this unfortunately prove not 
to be the case, the information accumulated by such inves- 
tigation would afford a safe basis for further legislative 
enactment. 

Below I give a copy of a resolution passed unanimously 
at a recent meeting of the general body of the members of 
this Association, all of whom are boiler owners. 

Allow me to request your earnest attention to this 
subject. 

I have, Sir, the honour to be, 
Your obedient servant, 
Hua Mason, President. 


Copy of a Resolution passed at an Annual Meeting of 
the General Body of Subscribers to the Manchester 
Steam Users’ Association, held at Manchester, Mr. 
Hugh Mason in the Chair, on Tuesday, March 26, 1878. 

Resolved,—That this meeting—having regard to the fact 

that steam boiler explosions, though shown by the experience 

of the Manchester Steam Users’ Association to be practi- 
cally preventible by competent inspection, still occur with 
their attendant loss of life, fifty-two persons having been 
killed during the past year, some of whom were women and 
children totally unconnected with the works at which the 
explosions occurred, and in their own homes or on public 
thoroughfares at the time—considers it incumbent on the 
Government, in the interest of the public safety, to take 
some immediate steps for the prevention of these disasters ; 
and, therefore, would urge that in the event of every boiler 
explosion, whether fatal or not, a searching investigation 
should be made by a court independent of the coroner’s, 
and more competent to deal with technical questions. 

Such investigations are already held in the event of boiler 

explosions on board passenger steamers, or in the event of 

colliery explosions, railway collisions, or the loss of vessels 
at sea; and this meeting considers that the public should 
have the protection of as rigorous an investigation of every 

boiler explosion that occurs on land as in the event of a 

boiler explosion occurring on board a passenger steamship. 








Tue InsTITUTION oF CiviL ENGINEERS.— At the 
meeting of this society on Tuesday, the 2nd of April, Mr. J. 
F. Bateman, F.R.S., President, in the chair, it was an- 
nounced that the Council had admitted Messrs. Sydney 
Walker Barnaby, John Edward Compton, Henry Croft, 
John Douglas, Eduardo de Moraes Gomes Ferriera, Hugh 
Nettlefold, Camilo Guillermo Pardo, and Leonard Taylor 
Simpson, as students. The monthly ballot resulted in the 
election of Messrs. Robert Rowan Greene, Tottenham ; 
Thomas Hack, Engineer to the West Middlesex Water 
Company ; Arthur Willoughby Hemans, Great Southern of 
India Railway; Charles Minns, Westminster; Patrick 
O’Meara, Durban, Natal; and Charles John Wood, Bradford 
Water Works, as members; aad of Messrs. Thomas Arm- 
strong, Assistant Curriage Superintendent, G. W. Ry; 
James McLellan Blair, Glasgow ; John James Bodmer, 
Blomfield Street; Charles Archibald Grieve, Dumfries ; 
William Hayward, General Manager of the Thames Iron 
Works Co.; Maurice Kingsley, Sian. Ontario, U.S. ; 
Samuel Robert Linging, Stoke-upon-Trent ; Edward Mel- 
ville Richards, Engineer to the al Board of Burslem ; 
John Salter, Plymouth ; Charles Walter Scriven, Stud. 
Inst. C.E., Llanelly ; George Henry Stayton, Engineer 
and Surveyor to the Chelsea Vestry ; Matthew William 
Thompson, Gniseley, Leeds; and Arthur Ventris, Stud. 
Inst. C.E., Maidstone, as associates. 





RAIL STATISTICS. 

Statistics respecting the Production and iation of 
Rails, and Notes on the Application of Wrought Iron 
and Steel to Permanent Ways, with a Description of 
a new kind of Railway Sleeper and Clip Chair.* 

By Mr. CHARLES Woop, Middlesbrough. 

From that excellent official report upon the Vienna Ex- 
hibition by Messrs. Maw and Dredge, the editors of ENat- 
NEERING, from Bradshaw’s Railway Manual, with the 
kind assistance of Mr. Robert T. Pool, the editor, and from 
Herapath’s Railway and Commercial Journal, I have 
been enabled to collect the following statistics. 

The length of railway lines opened in the entire world in 
1850 was 18,000 miles; in 1860, 63,600 miles; in 1870, 
127,000 miles ; and in 1875, 176,400 miles. We thus see 
that during the last-mentioned period the increase has been 
at the rate of 10,000 miles perannum. If we take the same 
rate of increase from that date we find at the beginning of 
1878 the mileage will be 206,000 miles, 17,000 miles of which 
are in the United Kingdomalone. I have dealt with these 
separately, because they are mostly double lines, and laid 
with heavy rails. 





Miles. 
Total mileage of the world _... 206,000 
Deduct for the United Kingom 17,000 
j 189,000 
To which add for sidings, stations, and 
double lines about 25 per cent. x 49,000 
Total miles outside the United Kingdom 238,000 


The 17,000 miles of railway in the United Kingdom are 
taken as being double. Many are, I admit, single lines, 
but there are others having four lines, which, with the 
additions for stations and sidings, it is estimated will bri 
up the total to that of a double line throughout, or equ 
to about 34,000 miles of single road. Collieries, mines, 
and private lines make also an addition of 12} per cent. 
more. And if we take the average weight of the rails at 
118 tons per mile, we find the total weight of rails to be 
about 4,500,000 tons now in use in the United Kingdom. 

Taking the 238,000 miles above quoted at 108 tons per mile, 
we get the total tonnage of rails in the world as under : 


Tons. 
Outside the United Kingdom ow» 25,704,000 
Within the United Kingdom... ooo 4,500,000 


30,204, 
The average life of a rail is calculated at ten years. 


We require then for replacement each Tons. 
year ... ose one sid oda 3,020,400 
For the 10,000 miles of new railway 
laid down each year, as before 
shown, at 108 tons per mile 1,080,000 
For private lines, mines, collieries .., 10, 
Total annual requirements 4,110,400 


The make of iron and steel rails in all countries, as 
as I have been able to ascertain, is as follows : 


Tons 
U.S., America ... 879,000 
Belgium ... sae +P ose 000 
Great Britain, exports mn 586,000 
od for replacement 450,000 
os new railways... 30,000 
All other countries eee 500,000 


Total annual make ie nes 2,745,000 

I have shown, then, that the real healthy demand under 
ordinary conditions ought to be something like 4,110,000 
tons per annum: and that the total make of rails in all 
countries is only about 2,745,000 tons per annum. There 
is, therefore, a deficiency in the demand, or, in other words, 
orders are kept back equal to 1,365,000 tons per annum. 

Ihave endeavoured in the foregoing figures rather to 
under-estimate than otherwise, but should they in the main 
be correct, it shows this very important and very interest- 
ing fact, that orders are not coming forward as they should 
do, chiefly, I suppose, because during times of depression 
railway companies withhold renewals as much and as long 
as possible, and, consequently, sooner or later, there must 
be a general rush into the market. This being the case, it 
is evidently the true policy of every railway company to 
purchase whilst rails can be had at a favourable price. The 
obvious result from such a course would be that trade would 
be stimulated during a universal depression, and would 
relieve the demand, with all its evil consequences, when the 
rush comes. ~~ : i : ‘ 

Before passing on e question 0 anent ways, 
would like to say a few words as to the merits of flat- 
bottomed and doubled-headed rails. The double-headed 
rail is the one which, a few years ago, almost universally 
found favour in England, because when one head was worn 
out it could be turned; but English engineers seem to have 
lost entire confidence in this turning property, and the 
most important ap i in the kingdom are now laid with 
what are known as bull-headed rails (see Figs. 2 to 9). Hav- 
ing thus departed from the equal or double-headed rail, I 
am unable to appreciate the form of bull-heads, unless 
it be that the chair and wooden keys which engineers 
have been so long accustomed to, have given such t 
satisfaction that they do not like to abandon them. en 
we take into account the angle of stability of the flat- 
bottomed rails, as shown on Fig, 1, in comparison with 
that of the double-head, the ——_ of weight, and great 
area of bearing surface in the flat foot, it must be admitted 
that it offers many advantages ; and the very fact that 
many thousands of miles of railway are laid with this rail 
without a chair to hold it down speaks much in its favour. 
Give it, then, a good fastening, and it will give yet greater 


* Paper read before the Iron and Steel Institute. 








satisfaction, and will, in my opinion, in its turn replace the 
bull-head. chielinia'y ’ 


Turning now to the question of permanent ways, the 
Vienna report, before-mention: ores Sea Of the 250 
millions of sleepers, — the timber portion of the 
railways of the world (in 1871) about 36 millions become 
useless every year,’’ but this seems to be upon 
a life of only six years. T the life at an i of 
eight years, and allowing for the increase of mileage 
since that date, we find that about 45 millions of sleepers 
will be the annual requirements. We must, however, make 
a deduction of about five millions, on account of many 
railways being laid with cast and wrought-iron sleepers, so 
that we may fairly take 40 millions as being the yearly 
destruction now going on. These contain on an average 
about 2$ cubic feet of timber in each sleeper, or about 
100 millions of cubic feet, and if they are estimated at the 
moderate sum of 1s. 3d. per cubic foot, we arrive at. the 
enormous sum of 6,250,0001. annually spent on this one 
item of railway economy alone. 

Taking these figures in conjunction with the constant in- 
crease of new railways, it seems to me only natural to look 
forward to a great increase in the price of timber in the 
course of a very few years. 

I hope to be able to _— in the following remarks, 
that by the adoption of wrought iron or steel in the place 
of wood, the annual saving, inclusive of transport, relaying, 
and other expenses, would be over 3,001,000 per annum ; 
whilst for afew years, if this change actually did take 
place, the demand upon our rolling mills would be equal to 
about 3 millions of tons per year. But a that on] 
10 per cent. of this quantity were employed, we have sti 
sufficient to set the whole of our idle mills and destitute 
hands on full work again for years. I should feel glad if 
my remarks in any way conduce to so desirable an end by 

ing the attention of railway companies to these very 
important points. ; 
"Before proceeding with the question of wrought-iron 
sleepers, I will endeavour to place before you a few facts 
as to the aw and cost of wooden railway sleepers, as 
upon these I have based -many of my calculations. 

Mr. Harrison, the well-known engineer of the North- 
Eastern Railway, has said that on the main line creosoted 
sleepers have stood for twenty years, and are then fit for 
many years’ service in sidings and colliery roads. I have 
since ascertained that these sleepers were of Scotchfir, a 
timber well known for its durability, but at the same time 
a material (of the sizes ponent which cannot now be pur- 
chased, except at very high prices, the present price in the 
market being, for a sleeper 9 ft. by 10 in. by 5 in., about 
6s., whilst the same size in Baltic timber will cost above 
3s. 10d. each. 

Iam informed by the chief inspector of the Stockton 
and Darlington Railway, that the ordinary Baltic sleepers 
now used will not last more than eight or ten years, even 
when well creosoted, and I can give plenty of other evidence 
to the same effect ; whilst Mr. Gilkes assures me that tho 
creosoted sleepers laid on the approaches of either end of 
the Tay Bridge had all to be replaced after five years and 
three-quarters service. I have also evidence to show 
that in tropical climates wooden sleepers will not average 
so much as this even when carefully pickled; and if ex- 

sed to the climate, either at the or on the line 
or we being finally covered up, or from the ballast wearing 
or blowing away, the timber cracks, the water then gets 
into the openings, and they split and decay rapidly. It is 
no uncommon thing for many to me quite useless 
after five or six years from the time of their shipment, 
whilst the hard wood native sleepers of India will not stand 
so much as this. Most of the wooden sleepers now being 
employed in India are shipped from England. 

The various systems of iron sleepers for permanent ways 
may in a few words be classified as under : 

1. The bowl, pot, or oval sleeper, whether in wrought 
- cast iron, or steel, these being all connected with tiec- 

rs. 

8. The longitudinal wrought-iron sleeper. 

3. The wrought iron transvers or cross sleeper. 

With regard to the cast, wrought-iron, or steel bowl, 
or dish sleepers laid down in India or elsewhere, I do not 
for one moment wish to depreciate the valuable services of 
their inventors. These sleepers have done g work for 
many years, but they have their defects. I have taken 
the liberty to draw many of the {following remarks from 
a most interesting paper last year before the Institu- 
tion of Engineeers and Shipbuilders at Glasgow, by Mr. 
Ernest Benedict, C.E., many years resident engineer 
upon the Goulunds Extension of the Eastern Bengal Rail- 
ways. 

There seems to be little doubt as to the durability of the 
cast-iron bowls with tie-rods, on the Madras Railway. The 
cost of maintenance, as compared with jungle wood, was 
found in five years to beas 8 to 1 in favour of the metal 
sleepers, or as 1500 to 500. The disadvantages of cast- 
iron bowls in foreign countries, when used in the original 
construction of most lines, are their great prime cost, and 
the time it takes for the saving in maintenance to cover the 
interest on the extra outlay incurrred. The breakages in 
transit must also enhance the prime cost. Their weight 
is greater than that of wooden ones, and thus has a serious 
effect on the cost of inland carriage over country roads, or 
over no roads at all. 

Cast iron bowls were laid on the line between Middles- 
brough and Guisbrough on one line of rails, and have been 
down twenty-four years, so that as far as durability is con- 
cerned, they have answered pretty well. The great trouble 
has been through the constant ee 5 in the ballast, 
chiefly, I am informed, from the want bearing surface ; 
and I am told by those in ¢ , that the labour for keeping 
the line level was just double that of the ordinary 
road laid side by side on the same line. Mr. Cudworth, the 
engineer of this line, has informed me that they cause 
trouble by canting, and thus twisting the rail. When 
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a length was uncovered, the rails 
ways and the tie-bars bent; where the curves were heavy 
the tie-bars were rusted nearly through in the centre from 
the constant springing between the rails. But the chief 
*fault, which is the same in all classes of iron bowls, is that 
a tie-bar once put in can never be removed ; they almost 
immediately become corroded fast in the chairs much 
is this the case that if a single chair or tie-bar becomes 
useless, it necessitates the destruction of the pair of bowls, 
tie-bars, keys, and cottars. This is a serious considera- 
tion. It will also be noticed that if the rails get ont of 
gauge they could not be adjusted. But I would have 
it observed that after twenty-four years’ service, the corro- 
sion of both the tie-bars bowls been but little ; and 
that the tie-bars, except in the middle or centre between the 
rails, are little the worse. These bowls were laid 
in breeze ballast, and Mr. Cudworth and many others 
inform me that, so far as elasticity of sleepers is concerned 
they never could tell when they were running on the cast- 
iron bowls or on the wooden sleepers. This seems then 
to set at rest two important points—viz., corrosion and 
elasticity. 


With to the constant attention necessary where 


bowls are laid down in India, Mr. Benedict says that it re- 
is length of 


quires a European inspector to trolley over 





21 miles every day, and that he, as chief, did the same 
thing once a Bio | over his whole section. This, with five 
gangs of platelayers to every eight miles of single road, 
seems to me a considerable drawback to the bow! sleeper 
system. 

It is also mentioned as an objection that when a train is 

ing over a line laid with the bowl sleeper during the 

ot weather, the dust is very great; each bowl sending a 

ff of dust up through the packing hole on the top. This 

ows directly upon the axles, and causes considerable 
damage to the rolling stock. 

In India, where the transport is so heavy upon the cast- 
iron bowl, to have to 2 pair of bowls, tie-bars, keys, 
and cottars, through a slight defect in either, one or the 
other becomes an item of serious importance. Moreover, 
the breakage and weight in inland transit by bandy carts is 
also a matter of consideration. 

With all these disadvantages, however, Mr. Benedict 





| ment can we come to? 


sharp curve or an incline, and with the outside rail elevated 
to the curve, the water would be thrown upon the inside 
sleeper, and a scouring action at once commence, completely 
undermining the inside rail, and thus rendering the 
travelling in such weather extremely us—an hour 
or two in a rocky, mountainous country being quite suffi- 
cient to cause this effect. 

The water upon the cross-sleeper system has quite a dif- 
ferent effect. The water courses over the tops of the 
sleepers, each sleeper c ing or retaining the ballast, and 
the water finding full vent under the rails between the 
sleepers. The ballast thus remains intact under the per- 
manent way. In this respect the pot, or bowl system, has 
considerable advantage over the longitudinal. This fact 
will be fully appreciated by all engineers uainted with 
India or other countries where the rainfall is heavy. 

We will next pass on to that now almost universall 
adopted system, the cross-sleeper ; and I think I may with 
confidence state that, go where we will, engineers always 
come back to this as the safest and most reliable. How 
many hundreds of schemes have been brought out to be 
replaced by the cross-sleeper? And when we consider the 
question in a mechanical point of view, what other judg- 

We have, for example, an enormous 
weight resting upon two rails, each rail being placed, per- 
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haps, on the two outside edges of an embankment, with a 
load rolling and vibrating, always knocking or trying to 
force the two rails apart. Any poor mechanic, if asked 
how to — these two rails together, and to distribute the 
weight of the train over the top of the embankment, would 
tell you to put a girder between the two rails and fasten 
the rails down upon them; the rails and sleepers at once 
become girders, and we have thus the weight of the train 
distributed equally over the top of the embankment. 
Whilst by the ongitudinal system the weight is only on the 
rails, which being without proper support, on soft soil, 
settle or get out of gauge. 

The pot, or bowl system, has many advantages over the 
longitudinal sleeper ; but I have never yet conversed with 
an engineer, acquainted with the two systems, who has not 
admitted that, in every respect, both systems are inferior 
to the wooden cross-sleeper as usually employed. 

There cannot, therefore, be a doubt that the cross- 





is the proper mechanical form for a permanent way ; 





shows us, as before mentioned, that the cost for maint e 
of sleepers is in favour of cast-iron bowls over wooden 
ones, as three to one, and he puts their life down at fifty 


years. 
The longitudinal sleeper system comes next under review, 
but as this system has not found favour in this country, 
although it has often been tried, I shall confine my remarks 
to the system introduced by Mr. Hilf, the chief engineer 
on the Austrian railways, and to the application of this 
system in general to tropical climates and to countries 
where there is a a a. We are informed by Mr. 
C. Maller, of Middlesbrough, that Hilf has 1000 miles of 
railway upon his plan laid down on the Continent. The 
section is shown in Fig. 11. This is a sufficient rantee 
—_ — system is in ay use, and = once laid down 
an up properly to gauge, it no doubt makes a v 
road. Bit on looking at the section, we shall see the 
impossibility of curving these sleepers along with the rails 
when going round curves. It, therefore, happens that 
sleepers have to go in a series of straight pieces, and that 
the rail lies in a curved form upon the top. We are 
informed, also, that the sleeper and ties have to be submitted 
to differential punched holes, according as they are placed 
on curves, or otherwise necessitating the use of eight dif- 
ferent graduated gauges. This makes it necessary to have 
constantly in stock no fewer than thirty-three different 
types, so as to allow of prompt repairs. The consequence 
is, that experienced workmen only are employed, and these 
must have shops and tools at their command, and any mis- 
take in forwarding a wrong section may have serious con- 
sequences in case of a breakdown. We are also told that 
it requires nearly twenty se te pieves of iron per yard 
of single line, without counling te rails. With all these 
complications and defects, I would ask, Is it possible that 
this s can find favour with engineers, more especially 
in India, where men cannot be educated to the difference 


but timber is not always to be obtained, except at a heavy 
cost, or in tropical climates, for the reasons already ex- 
plained, cannot be economically employed. We therefore 
come at once to the idea that we want a substitute for the 
wooden cross-sleeper. Cast iron has two great advantages. 
Firstly, it can advantageously be made into any convenient 
form, and, secondly, it is the cheapest article in metal. 
But there are two equally important objections to its use. 
These are, its great weight and its brittleness. We thus 
come ’ consider the desirability of employing wrought iron 
or steel. 

Figs. 16 to 19 represent designs for a new wrought-iron 
sleeper and clip-chairs, adapted for both flat-footed or 
double-headed rails, which I have lately brought out, and 
which, without exception, is the:most simple yet constructed. 
It consists of an inverted trough, not unlike the old half- 
round wooden sleeper with the round side upwards. 
Through square holes punched in this trough is slipped from 
the under side a clip-chair of rolled wrought iron or cast 
steel. This clip-chair is of horseshoe shape, one side form- 
ing a hook (not unlike the head‘ of a spike for fastening flat- 
bottomed rails upon wooden sleepers), about 24 in. wide, 
and the other side is like one jaw of an ordinary railway 
chair for taking a wooden railway key. It will be readil 
seen that the wooden railway key at once fastens the rail 
tightly upon the sleeper as well as holding the clip-chair 
in its place. It will be noticed that the chair is to a certain 
extent expansive, the wooden key taking up any little 
irregularity in width of jaw, and forcing always the rail 
accurately to the gauge of the way, which cannot possibly 
vary. A sleeper, with these two clip-chairs, and the two 
wooden railway keys, making in all five pieces, form this most 
simple yet perfect tie between two rails. The advantages 
are obvious. Any uneducated hand can at once lay the 
rails coger to gauge, because they cannot put it a 
together. it- 





of plan of laying down a line? Knowing how 'y 
simplicity is, I, personally, would not like to undertake it. 
Longitudinal sleepers are not so able to suit tropical 
climates, where the rain often falls at the rate of 1in. in 
the hour, and thus continues often for hours together ; the 
total fall during a monsoon commonly reaches the enormous 
quantity of 5ft. in depth. I have often seen newly-made 
roads and embankments, of no mean height, tly 
damaged with a single night's fall of rain. It will be at 


once a t to practical engineers, that in laying a dee 
loagttelieal cleewen, with the rail upon the top, wen 6 





D . There are no bolts, nuts, washers, cottars, sp 
pins, or gibs, tie-bars, spikes, trenails, or rivets ; no trust- 
ing to your men to keep the gauge right; no complication 
of hexagonal washers, or differential pitch of holes to get 
the gauge right, or, as it would be with ni , to get the 
gauge wrong. There is the same area of testing surface 
asina en sleeper, whilst compared with the bowl or 
a sleeper there is 30 per cent. more. It is easily 
packed and is equally easily li as the wooden sleeper 
when levelling up the road, a rail can be quickly taken out 
and put in again, or, if necessary, by knocking out two or 











three keys and by springing in the rail a single chair can be 
taken out without disturbing any of tho oe In the 
hands of s ige men, therefore, a new oat ane be put 
down very rapi y> eres 4 may ne Sees 
requires simply putting ry « er, the on uired 
being a hammer to drive up the wooden ke < _ 

These sleepers, if iniron, would weigh pa 66 Ib. each, 
or, if in steei, about 50 Ib. each, for the 3 ft. 6 in. gauge, or 
about 12 per cent. lighter than a creosoted Baltic sleeper. 
They pack one inside the other, they will not break in 
transit, and exposure to the sun has not the slightest effect 
upon them, cna pesboge a trifle in the length, whilst 
their value, as I s resently show, after from forty to 
fifty years’ wear, will nearly half their original cost 
having outlived between three and four old ones, which, in 
their decayed state, are only a nuisance. 
I now come to the question of durability of wrought-iron 

as a material for sleepers, when laid inthe ground. I have 

laced upon the table two tie-rods, taken from the Guis- 
rough Railway out of the pot and bow] sleepers laid on that 
line, as before mentioned. They have been in use twenty- 
four years, under very heavy traffic indeed. One was taken 
out of cinder ballast and the other from gravel, from two 
different parts of the line. With the exception of the 
centre of the bars, where the strain was heaviest, and 
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where there would be continual springing, I think you will 
all agree that there is another twenty years’ work in them. 
A third bar about in. thick, has within the last few weeks, 
been taken up out of the works of Messrs. Cochrane and 
Co., Middlesbrough, and has been in work sixteen years. 
This was also laid in ash and sand ballast, and I cannot 
see that it has depreciated in thickness in any way. Laid 
down as these have been in our damp Cleveland climate, it 
must be admitted that this has been a severe trial, and a 
far severer test than rails laid down and in constant use, 
which are constantly quoted as rarely suffering from 
corrosion. 

At a discussion upon Mr. Benedict’s paper in Glasgow, 
Mr. Wilson says, that on the Oude and Rohilkund Railway, 
wrought-iron saddle sleepers been employed for eight 
years, and that they did not suffer from corrosion. Mr. 
Weymers, of Brussels, in his paper read before this In- 
stitute last year, says, that when the road is in constant 
use the sleepers remain free from rust. And there is a 
specimen on the table of a Barlow rail and sleeper com- 
bined, as seen on Fig. 10, which has been in use something 
like twenty years in Spain. Large quantities have latel 
been discharged in the Middlesbrough Docks, and althoug 
the head of the rail is completely worn out, the flange or 
sleeper portion has not suffered in any way from corrosion. 

Tt seems to be generally understood that common wrought 
iron does not suffer so much from corrosion as mild steel 
or very pure iron. Some very valuable facts have been 
given by Captain Aynsley and others before this Institute 
to thateffect. Whilst, if we examine the common iron tie- 
bars and Barlow railon the table, these facts seem to be 
confirmed ; on the other hand, I have been informed by one 
or two inspectors, that in some of the tunnels near London 
the steel rails have suffered so much from corrosion that 
they have not lasted anything like so long as the iron rails 
formerly used. Infact this rapid corrosion of steel rails in 
damp tunnels is quite a new feature, and one, as yet, 
without explanation. 

With all this evidence before us, I think I shall not be far 
wrong when I put down the life a wrought-iron sleeper at 
forty-five years in European or damp climates; whilst 
in Copieal, or dry climates it will exceed this. And ii 
Professor Barff’s process for preventing corrosion can 
only be allowed to leave the laboratory of its very scientific 
inventor, and pass into the atmosphere of practice, I have 
not the least hesitation in saying that, so far as corrosion 18 
concerned, they will last much longer than this. 

It has been objected that in a country like India, when 
wrought-iron sleepers are worn out they cannot be made 
use of again, whilst for cast iron there is always a demand 
at a good price. I have shown pretty clearly, from ex- 
—, that wrought iron will stand forty to fifty years. 

at we will suppose that after that time the Government 
should have a Tene quantity of these worn-out wrought- 
iron sleepers in stock. My advice to them would be to 
convert them on the spot into merchant bars. The quality 
must necessarily be pretty good, and reheating, hammering, 
and rolling out would convert them into first-class merchant 
bars. This can be done in India for a sum under 30s. per 
ton. Whilst I was many years ago in the employ- 
ment of the East Indian Iron Company we rolled large 
quantities of merchant iron. The reheating and rollin 
caused but little trouble ; it was the cost of the wood fue 
and the difficulties connected with the puddling that failed 
commercially. The demand for merchant iron in India is 
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ways good whilst the railway companies themselves will 
- porch, ti more than the old sleepers could give after 
forty or fifty years’ work. 
In connexion with the oe pn of wrought iron, 
_ steel, or cast iron sleepers or bowls, an important question 
has come into play. I say play, because I shall be able to 
show that there is really nothing in it practically, although 
it is spoken of by many as if it were a necessity, whereas on 
the main lines in England it seems to be perfectly ignored 
even on the sharpest curves. I refer to the widening of 
the gauge or the distance between the rails going round 
curves. 





BARLOW’S 


| complicated adjustments, all of which are totally unneces- 
| sary in the 


cross sleeper system. 
| I have pointed out these opinions publicl 
| because of the supposed importance attached by some to 
| the necessity of wilenion: the gauge upon curves, and also 
because they are totally against my own practice even upon 
| curves of a radius of from three to four chains, and carry- 
ing a traffic of over 700,000 tons per annum. I have even 
| gone further than this. I have personally seen several of 
| the head platelayers on some of the most extensive lines in 
| England, and also the chief inspector upon the Stockton 
| and Darlington Railway, and they all assure me that they 
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sleeper with four iron spikes, lugs are cast upon the inside 
jaws of the chairs to take a heavy iron tie-bar to prevent 
the chairs spreading out. 

When the inside of the head of the rail becomes worn, the 
rails are lifted out and changed from one side of the line to 
= wong Me 2 —_ as drawing the — out of a 

eeper e rails to gauge very rarely happens, ex- 
cept on way a lines where the chairs have little 04 and 
slee are very _ 

I hope I have said sufficient to dispel the idea that adjust- 
ment of gauge on curves is , and that whatever 
the theory may be, in practice (in England, at least as far as 
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Mr. Benedict a in the paper before quoted, ‘*‘ With 


almost all the bowls that have come under my notice the 
gauge once fixed cannot be altered.or widened as it should 
be on curves and in station yards.” Whilst the Vienna 
Exhibition Report upon Hilf’s system has the following : 
“* The necessary widening of gauge for the curves, the dis- 
tance between the sleepers, and the various lengths of pieces, 
are marked on the engraving.”’ (This has been done most 
scientifically and elaborately, but it seems to me not of the 
slightest practical value.) Again, Mr. J. L. Weymers, in 
his paper last spring (vide Journal of this Institute, No- 
vember, 1877), appears to place great importance upon a 
hexagonal eccentric washer, by which he says he is enabled 
to vary the width of the two rails as much as 1} in. so as 
to suit all widths of rails in going round curves. He also 
mentioned a fact worth noting, viz., that Hilf’s system 
requires no less than eight different gauges for the various 
curves. 

Some explanation may be found to this question of width 
and variation of gauge by the models exhibited, which show 
that the longitudinal system does require adjustment (see 
also Fig. 23). A A A shows the longitudinal sleepers, with 
holes punched at equal distances for the tie-bars to go 
through. Tie-bars are marked BBB. In going sani a 
curve, therefore, the outside radius being — than the 
inside, the inside rail or sleeper will reach further than the 
outside. The tie-bars, therefore, lose their proper radial 
position ; and this would bring the rails closer together, as 
shown at B E, the proper distance being shown by the 
dotted line at B F, which thus accounts for many of these 
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use but one gauge either for curves or for the straight way. 
At my request, the gauge was tried on many sharp curves, 
carrying the whole of the heavy traffic of the eland 
district, over which the six-wheel locomotives often travel 
at from forty to fifty miles pn ew, and it was found that 
on the sharpest curve, w the rails had been down 
several years, there was cally no difference in the 
width between the rails. In one or two instances only we 
found the rails worn about } in. wide. In fact, the keeping 
of the rails to the gauge on some of the heaviest curves is 
considered of so much importance, that in addition to the 
heavy railway chairs which are held down on to the wooden 











I can learn) it is never carried out, one gauge only being 


used, 

It seems to me, therefore, that any extra parts, any com- 
plications for adjustment of rails or sleepers, are refinements, 
totally unnecessary in a properly-constructed permanent 
way, and only become necessary when the system is in- 
herently wanting, or where the method of fastening the 
rails upon the sleepers is insufficient, in practical working, 
to prevent the rails or sleepers from spreading out wide, or 
the tie-bars radial. 

This spreading out is especially troublesome upon those 
system3 when the flat-footed rail is simply spi down. 
upon the wooden sleepers with dog spikes without chairs ; 
more especially upon the curves in the narrow or 3 ft. 6 in. 
gauge, where the short wheel base of the small coupled 
engines throws a t strain w the outer rails ; and it 
is under these circumstances that the cross and 
clip-chair will be found most valuable. It will allow any 
amount of outward thrust, and will always remain ly 
true to the , has ample bearing surface, has few parts, 
and is quickly laid down. 

In foreign or tropical climates, a system that cannot be 
laid wrong, and one, as before pointed out, requiring no 

ial gauges or tools, having no bolts, keys, cottars, or 
pins, requiring no adjustment, is one that I am sure will 
readily commend i to those who have such uneducated 
labour to deal with as is generally found in those countries ; 
whilst a resident engineer will be saved a great amount of 
anxiety in res ‘maintenance of gauge and the general 
condition of the line, having also at the same time secured 
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tem, in combination with 
a ,a far more durable, and a stronger material, with 
fewness of parts, ease of packing, and lightness and facility 


of transport. — . 

On Fig. 10 is a section of the well-known ‘ Barlow’’ 
combi sleeper and rail. It consists of a hollow trough 
rail, with the flange much extended to form the base on 
which the bearing is taken continuously throughout its 
length, and resting on the t, without either sleeper 
or chair. As far as I am aware, this was the first wrought- 
iron sleeper brought into general use, and it is without ex- 
ception the most simple permanent way ever introduced. 
Twenty years ago large quantities were made in different 
parts of England. When properly ed they answered 
very well, although they were said to be rather to run 
upon, and were also weak at the joints, but the t dis- 

vantage was, that when a rail became worn, rail, sleeper, 
and all had to be thrown away. There was also some diffi- 
culty in adjustment round curves. All, however, must 
admire its extreme simplicity. 

Fig. 11 is a section of Hilf’s longitudinal system, much 
adopted in Austria and other parts of the Continent; and 
although it seems to answer its purpose very well when once 
laid, the first cost, the large number of pieces, the compli- 
cation of adjustment round curves before explained, must 
be a great drawback to its general adoption. 

Fig. 12 is a section of Hohenegger’s plan, which, with the 
— of the sleeper being of a different, but of a more 
simple but weaker section than the last described, seems to 
wd = have just as many parts and just as many draw- 

8. 

Fig. 13 is a system by M. Thomnen, which appears to have 
many points of originality. The rail has only one head, but 
with a rather deep flat web; the rail is suspended by the 
head upon the vertical webs of the longitudinal sleeper, 
which is in two parts, the web of the rail being nip in 
a similar manner to a fishplate, and secured by bolts. 

Figs. 14 and 15 is a section of Messrs. De Serres and 
Battigs’ system, lately brought into prominent notice in 
Belgium, and seems to me to be an improvement upon that 
last described. You will notice that the rail is suspended by 
the head, the web passing between the vertical webs of the 
sleeper in a very similar way to that last described. The 
novelty, however, is that the rail is not fastened down, but 
is simply held by the mechanical nipping, or vice-like action, 
holding tightest when the weight comes upon the rail; and 
the sleeper being unable to spread out at the top, in con- 
sequence of a notch in the tie-bar and keys, it has a 
tendency to spread out at the bottom, acting in a similar 
way to a pair of smith’s tongs, supposing the rivet was 
taken out and a hoop slipped over. The sleepers run about 
15 ft. 6 in. long, an each half sleeper is made to break joint 
with the other ; the sleepers are held together by heavy tie- 
bars, which pass completely through the sleeper under both 
rails; the strain against the nipping action is taken by a 
series of keys assisted by the tie- ; the keys are placed 
about 2 ft. apart, and the tie-bars about 8 ft. apart. Both 
the keys and tie-bars are rolled from one section of bar, the 
tie-bars having deep notches cut into each end, and the 
—_ also one notch in the centre, into which the vertical 
web of the sleeper drops, the notch completely retaining the 
o_o at the neck, thus taking the whole of the strain. 

These tie-bars are about 4} im. deep, and weigh about 
70 lb. each, and the keys about 10; lb. ; they thus form a 
considerable item in the weight of the system. This extra 
heavy weight does not assist in any way to carry the load 
or the sleeper-bearing surface, and therefore to a certain 


7° 
the whole of the good amy of the well-known and 
8 


-oxtent is useless. There is also at the foot of the sleeper a 


considerable increase of metal, rendered necessary on 
account of the sleeper | cut almost in halves for the 
insertion of the tie-bars and keys. Considering these all 
weaknesses inherent to the system, and although the rail 
is lighter, through having only one head, as in Thomnen’s, 
there is an excess of metal in other parts which should not 
be required, and which does not in any way assist in the 
stability of the road. Beyond this I must say the system 
is es le few parts, no bolts or nuts, and will go 
together very well; but there must be difficulty in adapting 
the system round sharp curves, and I am sure that an 
—_— engineer would not be quite satisfied with a rail 
under heavy traffic being held down simply by two split pins, 
one at each end of along rail. I am afraid if there should be 
a settlement of the sleeper, the rail would be likely to get 
out of its place. 

a og 16 to 19 is my own |system of cross sleeper, with its 
simple but secure fastening every 2 ft. 9 in. or 3ft.; but, 
as I have already fully described these before, I will pass on, 
mentioning only the fact that they are as easily packed and 
lifted as an ordinary wooden << 

Fig. 20 is Potel’s plan, and which was fully described in an 
eorene paper read inthis hall last year. ‘The sleeper is 
all right, but the jaw-bone chair has, in my opinion, many 


objections. 

Fig. 21 is a section of the ordinary pot or bowl sleeper. 
This type is perhaps the most extensive iron permanent 
way in use, and found great favour with engineers in 
hot countries. I have, however, already pointed out some 
of its defects. 

Fig. 22 shows M‘Lellan’s steel or wrought-iron plate 
sleeper. You will see that it isa kind of square corrugated 
** bowl,”’ and possesses many points of merit. It is said to 
be elastic, very light, strong, when of sufficient thickness, 
packs very well for transport, and will not break. The 
are tied together in the same way with a tie-bar, gibs, oat 
cottars, as in the cast-iron bowls; they are easily lifted 
when mong the and no trouble is meet te Re 

; there are, however, a good separate s 
pieces to look after, and must ood we fl be rather ex- 


pensive. 
I have, in the following Table, given a list of the number 
of separate pieces to each yard of railway, the rails not 


being included. Citing that the sleepers placed 
one yard apart, centre to cen’ ~Unsiseuaiaiteeceteclemet 





to prepare a permanent way to send abroad, will well 
= ye the small number of parts to be ordered, and 
which their skilled inspectors have so carefully to watch ; 
and any system of permanent way, which being com: 
in itself, with only two pieces of iron, of different forms, to be 
contracted for and ins , and without bolts, nuts, keys, 
pins, &c., must bring it under most favourable notice. 
Number of separate pieces per yard on the various systems 
noticed in this paper : 


Barlow’s about 3 pieces per yard 
Hilf’s... ye on ~< 2 jo 
Wronught-iron bowls... o = pa 
Cast-iron bowls in a oe ” 
Hohenegger’s... aa » 2 9 
De Serres and Battigs’ pe 3h os 
Potel’s ... tg ae o 99 
Wood's cross sleeper... ao © ” 


In conclusion, I must again express my regret if, in 
collecting the numerous facts placed before you, I have 
said anything in my paper which may be considered other- 
wise than a fair criticism. I know that I have touched 


upon some tried and well-worked systems. I know, also, | P 


that there are many systems of iron permanent ways which 
I have taken no notice of. This has been with no intention 
on my part to overlook them, but rather, that by picking 
out one or two examples of each known type, I might the 
better explain my own views more fully. 








ON THE SEPARATION OF PHOSPHORUS 
FROM PIG IRON.* 


By I. LowruH1an BELL. 


THE weakening effect of phosphorus on the quality of 
iron or steel containing this substance has been acknow- 
ledged for many years. In examining the conditions which 
favour or reti the separation of so unwelcome an in- 
gredient from pis iron during its conversion into wrought 
iron or steel, I was led to include in my investigations the 
behaviour of other elements usually associa’ with the 
metal as it runs from the blast furnace. The opinions 
arrived at upon this more general question have been com- 
municated to the Institute in two papers, under the title 
of ‘‘ The Separation of Carbon, Silicon, Sulphur, and Phos- 
phorus in the Refining—the Puddling Furnace and Besse- 
mer Converter.” 

I popere, in the present contribution, to confine myself 
chiefly to the behaviour of carbon and phosphorus when 
fluid cast iron is exposed to the action of the fused oxide or 
oxides of this metal. At the same time, we cannot well 
disregard the change experienced by silicon during the 
process, owing to,the neutralising influence of the resulting 
silicic acid upon the power of oxide of iron to remove 
phoephorus from the crude metal, and to which attention 
was especially directed at our last meeting. 

The elimination of this metalloid from pig iron is doubt- 
less a subject of great interest and importance to British 
smelters, having regard to the fact that nearly five-sixths 
of the metal obtained from their native ores contain so 
much of this impurity as to unfit it for the manufacture of 
steel, that form of iron which bids fair to supersede the pro- 
duct_of the puddling furnace. 

Notwithstanding these considerations, my own inclina- 
tions would have prompted me not again to have trespassed 
on your time until I was able to announce the application 
on an extensive scale of the results of my labours. Other 
members of your Council must share with me the responsi- 
bility of this present additional demand on your patience 
and forbearance. 

It may be remembered that, on a former occasion, I re- 
ferred incidentally to the circumstance that oxide of iron 
had been long recognised as playing a very important func- 
tion in the processes of refining and of puddli &. It was 
only natural, therefore, that with this knowledge the 
addition of the purer ores of iron in these two operations 
should have early engaged the attention of practical iron- 
makers. 

Speaking of my own experience, I find, on reference to 
my old note books, that so far back as the year 1842 ex- 
periments are recorded of the manufacture of large quan- 
tities of boiler plates at the Walker Works, from iron 
refined in the common running-out fire with Lancashire 
and Cumberland hematites. 

Three or four years afterwards the so-called direct pro- 
cess engaged, as it does now, considerable attention, and I 
was induced to give that of the late Mr. Clay an extensive 
trial, in combination with the gg | method of treating 
pig iron in the puddling furnace. Failing to realise the 
expectations which were anticipated, we continued a series 
of experiments to ascertain the effect of the, mere addition 
of red hematite ore. 

Some twenty years ago, i.e., in the earlier years of the 
Cleveland iron trade, an objection was raised by founders 
to the pig of the district, of a scum or slag which rose 
on the surface of the ladle when the metal was tapped from 
the cupola. A remedy for this evil was proposed by an 
ironfounder in the county of Durham, whose name I forget, 
consisting in the additicn of hematite in the cupola in which 
the pig was melted, and this plan was pursued at the 
Clarence Works for some little time. 

There is no doubt that the mere fusion of cast metal with 
oxide of iron produces a marked ¢ in the composi- 
tion of the latter. About 30 per cent. of the carbon, and 
60 per cent. or thereabouts of the silicon, are removed, 
but the phosphorus is only slightly affected by the treat- 
ment, while the iron, in some cases at all events, seems 
to absorb sulphur from the coke employed in the opera- 
tio 


n. 
These opinions are derived from anal communicated 
to me by my friend, Mr. Jeremiah Head, who at one time 


* Paper read before the Iron and Steel Institute. 








carried on, and possibly still carries on, this mode of treat- 
= jig iron used in his plate mills.* 

n reference to new plans generally, I am probably only 
confirming the observations of every ironmaster who, like 
myself, has occupied himself extensively in experimental 
work in the forge. While trials are in progress, they are 
for the most part conducted under the immediate super- 
vision of those engaged in their prosecution, and much, 
indeed in many cases all, the recognised improvement in 
quality is due not to any novelty in the treatment, but to 
that increase of attention which generally accompanies the 
uninterrupted presence of any one in authority at the door 
of the puddling furnace. Handed over to those less stringent 
conditions er which the general routine of such opera- 
tions are necessarily conducted, and then frequently either 
all the hoped for superiority of quality vanishes, or that 
which has really m attained is not worth the addi- 
tional cost it has entailed. 

I may be permitted to remind the meeting that, in the 
particular case under consideration, I distinctly narrowed 
all claim of novelty to the influence of temperature in 
modifying the order of rapidity in which carbon and phos- 
horus leave pig iron when exposed to the action of oxide of 
iron in a state of fusion. 

This was illustrated by quoting the results obtained in 
the puddling process, in which it may be assumed that when 
20 per cent., or thereabouts, of the carbon was oxidised, 
not much more than 70 per cent. of the phosphorus had dis- 
ap from the iron by a similar action.+ 

t need scarcely be mentioned that the character of the 
change in the quantities of carbon and phosphorus which is 
effected in the puddling furnace, has been well known for 
very many years. If, therefore, a substance which may be 
regarded as partially puddled iron could be beneficially em- 
ployed in the manufacture of steel, we have had such a 
material at our command long before this last-mentioned 
form of the metal occupied its present prominent position. 

As = sry f pointed out, however, the reduction in the 
percentage of carbon is such, that at the temperature of 
the operation of paddling, the metal either assumes a pasty 
state, or it quickly solidifies on removing it from the fur- 
nace, so that it cannot be readily separated from the 
cinder which me contaminated more or less with 
phosphorus derived from the original pig. 

Upon two oecasions a quantity (several hundredweights) 
was melted in a reverberatory furnace in contact with oxide 
of iron, and in neither was the phosphorus obtained as low as 
4 percent. In one where this po tre remained to the 
extent of .424 per cent., the carbon was so reduced in 
amount that a considerable quantity of the iron was not fluid 
enough to run out of the furnace, although the tapping 
ee \ ms immediately after the last of the iron was 
melted. 

The chief object of recent attempts to separate phos- 
horus from pig iron containing it, has been to fit the metal 
or steel-making. So long as the Bessemer process was the 

only one in use, and spiegel iron, containing only 10 to 12 
per cent. of manganese, was employed, and so long as it 
was deemed essential that a rail, to insure durability, 
should have about .4 per cent. of carbon, {any phosphorus 
exceeding .1 per cent. was regarded as dangerous, and 
therefore inadmissible. 

The substitution, however, of the Bessemer converter by 
the Siemens-Martin, or open-hearth furnace, and, perhaps, 
with the use of ferro-manganese, containing five times as 
much manganese as that generally found in spiegel iron, 
have permitted the presence in steel of a larger iene gee 4 
of phosphorus than was formerly believed consistent with 
safety. In such cases, however, it is regarded as indis- 
pensable that the carbon must be reduced in amount as 
compared with those where the phosphorus does not exist 
beyond .1 per cent. 

As an example of such steel, Mr. Howson recently showed 
me specimens made from a mixture of hematite pig and 
Cleveland wrought iron, puddled in his own furnace, in 
which the phosphorus was above .3 and .4 per cent. They 
did not appear to want in strength or ductility, but I have not 
heard that any quantity of such a material been applied 
to actual use. 

Notwithstanding this change of opinion in respect to 
what may be ed as a partial replacement of carbon 
by phosphorus, it is, in my judgment, still open to doubt 
whether rails pe er excess of this substance do not 
involve an element of danger. As is well known in those 

hosphorus does not exceed what may be re- 


where the P y 
garded as the point of safety, occasional rails do give way 
without there being ony copenes cause, chemically speak- 
ing, for the — = This defect may be due to molecular 
alteration, dependent upon circumstances connected with 
heating the ingots for the mill, or on phenomena attending 
the rate of cooling. It is, thérefore, quite intelligible that 
rails containing what may be ed as an excess of 


* Analyses of pig iron after fusion with hematite at the 
works of Messrs. Fox, Head, and Co. : 








Carbon eco 2.51 2.44 
Silicon ... es eve 644 -449 
Sulphur ... = éeo ‘ise .243 .398 
Phosphorus eco ti de = <= 
Manganese j é 
—” 95.205 94.146 
100.038 99.354 
Loss of Loss of 
+ Carbon. Phosphorus. ¢0in  Phosphoras. 
r cent. per cent. 
1.700 519 46.54 45.26 
2.000 320 37.50 76.97 
These two iments gave iron containing : 
: Cae. m Fhegness. 
cent. per cen 
P3.031 409 
2.765 424 
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phosphorus, may be more liable to be affected in the way 
supposed as the possible cause of the difference in quality, 
than those in which the phosphorus exists in more moderate 
quantities. 

A lot of rails was manufactured for the North-Eastern 
Railway, in an open-hearth furnace, containing from a little 
under .3 to a little under .4 per cent. of phosphorus.* No 
portion of these has been sufficiently long at work to enable 
us to compare their durability with rails of the ordinary 
Bessemer make. So far they promise well; at the same 
time, there have been one or two cases of failure, which, 
having regard to the total quantity laid down, exceeds the 
proportion commonly observed in steel rails of the usual 
composition as regards carbon and phosphorus. 

These considerations have led me to aim at reducing the 
quantity of the latter ingredient to something below the 
point which I believe has been, asa rule, hitherto attained, 
except when the iron has been fully puddled with a great 
excess of oxide of iron in a revolving furnace. 

In the former communications bearing on this matter, 
which I had the honour of submitting for the consideration 
of the Institute, particulars were given of experiments in 
which, from limited quantities of iron, as much as 91 per 
cent. of the phosphorus was removed, while the carbon was 
only affected to the extent of 11 per cent. 

It was not unreasonable, in such a problem as that pro- 
posed for solution, that doubt should arise in the minds of 
some members as to the practicability of effecting on a 
useful scale that which had been accomplished on one 
which was to be regarded as purely experimental. Since 
our meeting in Newcastle, quantities of iron varying from 
20 ewt. to 25 ewt. have nm operated upon at once, and 
although I am unable to announce that the method I pro- 
posed is being pursued as a systematised process, that 
which has been p seen may partially, at all events, justify the 
desire of your Council that I should communicate the 
progress I have made since last addressing you upon this 
subject. If that progress falls short of what some may 
expect, it should recollected that the rate of advance 
made in travelling over such ground as that over which I 
have been moving is rarely very rapid, and often very 
laborious. 

Before entering upon any description of what has been 
done in carrying out. the operation itself, I would invite 
your attention for a short time to a consideration of the 
conditions which may be regarded as materially affecting 
its accomplishment. 

Dr. Williamson reminded us upon a former occasion of 
the fact that silica, or, to speak chemically, silicic acid, 
possesses the power when heated with phosphate of iron to 
separate the phosphoric acid from its base. 

Now it appears more than probable that, to enable an 
oxide of iron to separate phosphorus from cast metal, the 
combined action of the affinity which phosphorus has for 
the oxygen of the cinder and the affinity of the newly gene- 
rated phosphoric acid has for oxide of iron, require to 
exercised. If, however, under the circumstances which 
attend the process in question, silica were present in such 
quantities as to offer an obstacle to the formation of 
phosphate of iron, the oxidationjand subsequent removal 
of the phosphorus from the iron might be partially or en- 
tirely prevented. 

Thave already explained that in this process of ridding 
iron of its phosphorus, the silicon which is found in almost 
all pig iron disappears more quickly than any other of the 
associated metalloids. Under any circumstances, there- 
fore, we have the silica due to the oxidation of this combined 
silicon to contend with, and as a consequence, the cinder 
is always richer in silica after than it was before being used 
in the operation.t 

As might be expected, where the iron submitted to trial 
contained very little silicon, there was but a trifling excess 
of silica in the cinder after it had served in the office of 
purification. Such examples are to be found in the sub- 


_ * Analyses of phosphoric steel rails now in use on the 
North-Eastern Railway : 








Carbon.| Silicon. | Sulphur. |Phosphorus. | Manganese. 








16 | 015 | .04 386 | 508 
165 | 016 "052 337 «| ~—(:346 
148 | 015 043 375 | 336 
120 | ‘012 ‘048 285 | [385 





+ Analyses of cinder used in the purification of pig iron : 


Before Use. 

Fe, O; FeO Al, 0O;,&c. SiO, P.O, 
A 8.74 58.59 9.82 21.48 1.37 
B 43.63 81.75 5.21 19.42 .99 
C 30.13 43.23 1.88 22.23 2.53 
D 20.14 44.07 12.36 20.74 1.69 
E 23.504 45.035 9.831 20.062 1.510 
F 22.057 50.035 4.459 19.560 3.889 
G 8.14 56.66 9.12 25.22 86° 
H41.213 35.465 4.616 17.128 1.586 
x 19.864 64.198 4.674 9.780 1.454 
K 49.014 24.844 5.839 16.490 3.813 
L 41.213 35.465 4.616 17.120 1,586 

After Use. 

Fe, O; FeO Al, 0;,&c. SiO, P,O; 
A 3.23 54.12 9.10 28.32 5.23 
B 17.82 50.13 5.05 23.58 3.42 
C 6.24 55.94 3.97 25.10 4.75 
D 8.44 45.39 15.68 25.56 3.93 
E 5.999 55.201 9.150 25.620 4.030 
F 5.417 60.251 4.153 25.880 4.299 
G 2.52 57.74 9.83 27.41 2.50 
H 3.599 64.314 7.460 18.460 5.954 
I 7.596 60.715 8.222 17.400 6.087 
K 8.257 62.339 6.341 17.480 5.603 
L 3.599 64.314 7.673 18.460 5.954 





oF Table of analyses, distinguished by the letters K 
and L. 

When dealing upon former occasions with the separation 
of a I pointed out that in the processes o 
puddling, refining, and in the Bessemer converter, the 
oxidation and removal of this metalloid appeared to be in 
the inverse ratio of intensity of temperature. In the first- 
mentioned operation a very large quantity thus leaves the 
metal, andis taken up by the slag, whilein the last-mentioned 
all the phosphorus remains in the steel. It happens, also, 
that the quantity of silica in the slag is least where the re- 
moval of phosphorus is most complete, and largest where 
the quantity of this element remains unaffected. Even in 
the example I instanced, in which 25 per cent. of the pig 
iron was oxidised, the ccc one. cinder contained 45 
per cent. of silica. Under such circumstances, therefore, it 
is undoubtedly open to question whether the se tion of 
the phosphorus was favoured by moderating the heat or 
impeded by the presence of silica. 

I have endeavoured since then to make these alternatives 
the subject of direct experiment, and although it would be 
imprudent to speak very confidently in the present state of 
my information, I am inclined to the belief that intensity of 
temperature alone does materially modify the conduct of the 
phosphorus, but the experiments must be allowed to answer 
for themselves. 

The specimen of pig iron operated upon contained 1.710 
per cent. of phosphorus, and 1500 grains of it was main- 
tained in a state of fusion for twenty minutes, with a similar 
weight of oxide of iron containing 16.49 per cent. of silica. 
In two trials where the temperature was just sufficient to 
keep the contents of the crucible liquid, the phosphorus was 
reduced to 1.446 and 1.248 per cent. respectively. In the 
third experiment the heat applied was as intense as could be 
obtained ina powerful gas furnace urged by blast, and here 
poe was found to the extent of 1.739 per cent., in- 

icating therefore no diminution of quantity in this sub- 
stance. 

Two experiments were then tried with a ton of iron in 
which the silicon in neither case exceeded .4 per cent. In 
the first, the cinder employed contained 17.120 per cent. of 
silica, andin the second 16.490 per cent. The former was 
moderately heated, and to the latter as intense a tempera- 
ture was applied as could be obtained in the Godfrey and 
Howson furnace. The result showed a loss of 70 per cent. 
of phosphorus in the first, and only 12 per cent. in the 
second trial. 

My researches have not been pursued to such an extent 
as to enable me to say where the point is where the presence 
of silica on the fused oxides or cinder materially weakens 
the power of the latter to absorb the phosphorus from the 
pig iron. 

The two following charges are p ly selected be- 
cause the cinder or fused oxide employed was rich in silica. 
In one the silica existed to the extent of 30.94 per cent., 


be | and in the other of 28.32 per cent. Although in the first- 


mentioned only 44.61 per cent., and in the second 82.77 of 
the phosphorus was removed from the pig iron, the results 
prove that the given proportions of silicic acid had not 
deprived the fused oxide of its power to absorb phosphorus 
from the metal exposed to its action.* 

While considering the conditions which certainly are 
calculated to weaken the peed of oxide of iron to remove 
phosphorus from the crude metal, it may be well to apply 
a few moments’ attention to the effect this last-named 
substance, when present in the cinder as phosphoric acid, 
must necessarily have in preventing the object we are 
seeking to accomplish. 

It is needless to say that as the combining equivalents of 
phosphoric acid and protoxide of iron are japproached, the 
ability of the base to take up the acid must gradually di- 
minish. Long, however, ore an extent of saturation 
implied by this is reached, the active energy of the oxide 
would be so impaired as to render it practically of no value 
for the purpose intended. 

As a matter of actual experience, however, I may men- 
tion one instance in which phosphoric acid was found in 
the resulting cinder, amounting to 6.067 per cent., and 
that a portion of the purified iron obtained contained onl 
.105 per cent. of phosphorus. The pig iron employ 
was rich in this ingredient, giving as much as 1.71 per cent. 

Admitting that 6 per cent. of phosphoric acid is the ex- 
treme practical limit to which the cinder employed can be 
advantageously impregnated with phosphoric acid, it 
would mean that for each ton of iron submitted to the 
purifying process something like 10 ewt. of oxide would be 
— Inasmuch, however, as analyses of refining and 
puddling cinders exist in which phosphoric acid greatly 
exceeds the pro; 
supposing that 
of saturation. 


* In order to judge of the applicability of the different 
oxides employed as a purifying agent, the following ana- 
lyses are given : 


rtion just given, there is no reason for 
per cent. has to be regarded as the limit 
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Mill cinder | 9.08 | 58.64 | 2.25 | 33.85 |1.23/70 
Calcined Cleveland | 
ironstone ...| 16.40 | 40.53 | 22.44 | 18.74 1.89 |43.5 
Puddler’s tap-cin- 
der we vs| 5.83 | 60.67} 6.96 | 19.75 |6.79 |38.0 
Purple ore ... 90.16 6.08 3.55 | .21| 5.6 








It is doubtless interesting, not to say very important, 
to ascertain as perfestly = need le the exact nature of the 
laws which regulate the reactions we are consid For 


f | this reason I have been anxious to learn in what d 


egree 
intensity of temperature so strengthened the affinity be- 
tween phosphorus and iron, or so weakened that between 
phosphoric acid and oxide of iron, as to render the last- 
named compound inert in dissociating the metal and the 
metalloid in pig iron. 

I have descri the general impressions which experi- 
ments and observations have produced upon my own mind. 
It must be remembered, however, that the process I am 
endeavouring to explain is not dependent for its ultimate 
succcess upon the increased power which oxide of iron at 
lower temperatures may have for removing om 
but upon the greatly decreased power possessed by such 
oxide of iron to affect the carbon in the melted pig. 

It is this comparative immunity from oxidation at low 
temperatures which leaves the carbon in the iron compara- 
tively unaffected, while the phosphorus is rapidly converted 
into phosphoric acid and absorbed by the cinder. The 
easiest way to grasp the essential difference between this 
effect of reduced temperature, is to compare its results 
with those commonly obtained in puddling iron. In the 
latter process, as it is usually carried into effect, 80 per 
cent. of the phosphorus may be ed as the average 
extent of removal from pig iron resemblin, 
land, while something like 97 per cent. of the carbon is 
dissipated. 

By the modification of the treatment involved by the 
application of lower temperature the following results, 
when using about a ton of iron at each operation, have 


been obtained : 
Loss of Phosphorus. Loss of Carbon. 
Example 1 80.0 per cent. 8.1 per cent, 
” 81. ” 05 
8 Oe SG 11.6 ,, 
VER ee | Rea 15.6, 
To present this in another form, it may be stated that in 
ten charges consisting from 15 cwt. to 20 ewt. of 
iron in which the duration of the exposure ran from 10 to 


17 minutes, the average being 13) minutes, the mean pro- 
rtion of carbon remaining in the purified iron was 
R325 per cent., equal to a loss of something like 11 per 
cent. : 
The following may be as two inst: of a still 
slower rate of oxidation of carbon : 


Time of Expo- Carbon in Carbon in Parified thie. 
8 


tad 





ure, 4 Tron. 
10 3.426 3.300 3.67 
20 3.614 8.420 5.36 


The manner in which increasing doses of phosphorus 
impair the quality of malleable iron and steel, is now so 
aeey my! understood, that it is necessary for the object I 

ve in view at the present moment to state to what extent 
I have succeeded in reducing the quantity of this too 


frequent in; ient in our pig iron. is given in the 
following Table, showing the phosphorus remaining in the 
iron : 
Pig Iron. Purified Iron. 
Example 1 Not estimated. *150 per cent. 
Ms “ an. +s 
» 4 igh no” 
.271 per cent. . ~ 
» 5. 151 ,. 286 5,  cAvecnge.t89 
» 6 Not estimated -204 ée 
7 pi . eee 
—_... 2 / oa 


The concurrent elimination of silicon is by no means un- 
iuportants, geen if it is pe that the — 
iron should undergo the process puddling ore 
extract from the analyses which have been made a few ex- 
amples to exhibit the change in this respect which has been 
effected on pig iron when exposed to the action of oxide of 
iron, in the manner described in this paper. 

Content of Silicon in Pig Iron. In Purified Iron. 
2.221 .027 





Example 1 
99 2 1.727 116 
4g 3 1.778 -107 
coe tia 2.235 122 
- 5 2.333 116 
Average 2.058 -1198 or nearly 97 per 


cent. on the original quantity. 

A few words now as bo Boa ce and properties of 
the product of the operation ve designated as one of 
purification. The crude iron onmret was usually No. 3, 
and sometimes No. 4, having therefore a ectly 
fracture. The purified metal when suffi to 
the oxide of iron is hag J white and crystalline, in 
which the carbon is almost always in what is termed the 
combined state, i.e., it does not exist as graphitic carbon, 
as is the case more or less in most white pig irons. 
Usually the slabs of metals, particularly near the upper 
surface, are cellular. 

The object sought to be attained by the retention of 
carbon is, as has formerly been explained, to enable the 
purified iron to be kept fluid at moderate temperatures for 
a po range ag Soe period of time, so as to afford an oppor 
tunity of freeing it from silicon, cw. the m 

hosphorus. In addition, however, to this desideratum we 

ve at the termination of the operation a material which, 
speaking in general terms, appears almost as easily melted 
as the original pig iron. 

I do not know whether I can better illustrate this than by 
describing the circumstances attending one of the many ex- 


ciently ex! 


periments which have been tried. A q ity of the white 
and crystalline purified iron, containing 3.469 per cent. of 
carbon, and which had been imperfectly from its 


jhosphorus, was melted with coke in a foundry cupola. On 
oe tapped, it flowed like as much pig iron, and 
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nineteen minutes’ exposure in the purifier still held 3.343 
per cent. of carbon, retaining its fluidity after this lapse of 
time. In the product only six per cent. of the original 
phosphorus was found. ; . 
I must now briefly invite your attention to the behaviour 
of the purified metal when treated in the puddling furnace. 
A sample containing— 


Carbon. Silicon. Phosphorus. 
per cent. per cent. per cent, 
3.456 -030 : 


was puddled at the Carr House Iron Works, West Hartle- 


pool. The rough bars gave : 
Silicon. Sulphur. Phosphorus. 
per cent. per cent. per cent. 
-121 005 059 


A second lot was similarly treated at Messrs. Holdsworth’s 


forge at Stockton. It consisted of two samples of purified 
iron, which contained : 
Carbon. Silicon. Sulphur. Phosphorus. 
per cent. per cent. percent. per cent. 
3.169 .031 005 
3.435 031 .216 


Specimens of the finished bars from both these establish- 
ments are before you. Their appearance and conduct when 
hot and cold is in my judgment indicative of good quality.* 

It is deserving of remark that after the iron was melted 
in the puddling furnace, which occupied on an average 35 
minutes, it was worked and all delivered to the hammer in 
23 minutes. 

It seems only reasonable to — =¥ that metal Ir 
so small a quantity of silicon as that just spoken of woul 
be less severe on the *‘ fettling’’ than pig iron, in which 1} 
to 2 per cent. of this element occurs. This probably will 
be accompanied by greater durability in the lining of the 
furnace, the absence of which constituted at first one of the 
chief obstacles to the of hanical puddling. 
Having regard also to the short time required for working 
the iron, a greatly increased produce from each furnace 
may be looked for. 

r few words now as regards the adaptability of the 
purified iron for steel, and here, doubtless, Iam bound to 
admit that, if .1 per cent. has to be considered as the limit 
to which phosphorus can be tolerated in steel, I have still to 
look to the fu for the realisation of my hopes. My own 
experience, however, has demonstrated that in more mode- 
rate quantities than those recently operated on the phos- 
phorus has been reduced upon three occasions to .089, .099, 
and .085 respectively, the carbon remaining at 3.251, 3.265, 
and 3.209 respectively. Under such circumstances, we are, 
it may be assumed, justified in omoetng that oxide of iron, 
when — in the manner explained, does actually peseens 
the faculty of almost entirely ridding our iron of an element 
which often unfits and always impairs its suitability for 
a a in which strength and tenacity are required. 

If, therefore, on some occasions the reduction in the 
quantity of phosphorus has fallen short of that which I 
calculate on effecting with regularity, it ought, in my 
opinion, to be attributed to a departure from those condi- 
tions which are essential for success. This deviation from 
the rule laid down was unintentional no doubt, but it did 
not exceed that which probably mf be looked for upon 
similar occasions. So far as I am able to judge, uniformity 
of results is a question of mechanical arrangement rather 
than one of chemical difficulty. 

I may, however, be permitted to point out that parti- 
culars are given in this paper of something like 8 tons of 
iron, containing on an ave: above 1} per cent. of phos- 

horus, which has had this element of its composition re- 

uced to .229 per cent. Were nothing better achieved than 
this, we have a material capable of producing rails, so far 
as phosphorus is concerned, far superior to the four North- 
Eastern examples previously mentioned as containing on an 
average .346 per cent. Or on the other hand, we have 
metal which could be advan usly employed in the steel 
furnaces with an admixture of other iron. 

Not having at my command the means of melting steel I 
am indebted to General Younghusband of the Royal Gun 
Factory, at Woolwich, not oy for the specimens of steel 
lying before you, but for permission to communicate the 
sais obtained at that establishment under the superin- 
tendence of Mr. Price, the manager of the forges and mills. 

In principle, the operation of purifying was conducted at 
the Royal Factory as I have described it, the phosphorus 
being reduced in three charges to .191—.183 and .210 per 
cent. respectively, a fourth a analysed at the Arsenal 
Laboratory gave ; Carbon, 2991 per cent. ; silicon, .012 per 
cent. ; sulphur, .005 per cent. ; phosphorus, .108 per cent. 
The iron employed was from the Clarence Works, and the 
loss of weight using cold pig iron corresponds with some of 
my own figures, viz., about 2} per cent. 

‘o convert the purified iron into steel, one of Price’s 
retort furnacest was employed, and being only of moderate 
dimensions, the charges were limited to 33 cwt. Of this 
quantity about 5 per cent. consisted of hematite iron, added 
to promote fasion. Before charging the iron, 7 cwt. of 
hematite ore were introduced for the purpose of oxidising 
the iron, the carbon still remaining in the purified iron. 

In about 1} hours the whole was melted, and at the end 
of 5 hours 1} per cent. of ferro-manganese was added, and 
the resulting steel was then run into ingot moulds. The 
loss in the converting farnace amounts to about 9 or 10 
per cent. on the iron employed. The following analyses of 

* There would appear no reason why malleable iron made 
from such metal as that described should be otherwise than 
good, inasmuch as Bowling refined metal was shown on a 
previous occasion to contain in one sample, carbon, 3.410 
per cent. ; silicon, .123 per cent. ; sulphur, .0233 per cent. ; 
phosphorus, .344 per cent., and a second lot contained even 
more osphorus than that just stated. 

t ‘urnace has been already illustrated in Enet- 








NEERING. 





steel so produced at Woolwich will exhibit the amount of 
success which has attended Mr. Price’s experiments : 





Mixture of Iron 
used in the Steel |Carbon. 
Furnace, | 


88 purified Cla- 
rence with 12 of 
hematite pig __... 

88 purified Ola- 
rence with 12 of 


Silicon, Sulphur. | Phosphorus 








-296 020 -030 201 


hematite pig ...| .260 jmotascertained| .023 145 
88 purified Cla- 
rence with 12 of 
hematite pig ... 
Clarence pig puri- 


fled alone... 


023 
026 


149 
154 


-218 
244 


” 


019 

















The slag from the steel furnace had the following com- 


position : 
Protoxide of iron 45.37 equal to 35.29 of iron. 
Silica ... na 49.30 ~ 
Sulphide of iron Al 
Alumina, &c. 4.85 
Phosphoric acid Al 100.34 


Now, notwithstanding the presence of what, according to 

former views, may be Vowel as an undue amount of phos- 
phorus, the steel, possibly — to the smaller percentage 
of carbon it contains, is perfectly malleable and sound. 

On the table is a dise railway wheel, made from a slice of 
an ingot flatt ened under the hammer ; being turned and 
polished its freedom from blemish is easily recognised. 

The ingots are readily drawn out by hammering. At 
Woolwich, a 7}-in. shaft, 114 feet long, free from crack or 
flaw, was thus made; but being too heavy to brin 
here, a smaller one is exhibited, having a diameter o 
3} in., with a screw wheel 9 in. in diameter turned out of 
the solid steel. This shaft proving too short for the pur- 
pose intended, had a piece of soft iron forged on the end, 
and so perfect is the weld that the — of junction in the 
polished metal is scarcely perceptible. 

The other specimens lying on the table will enable those 
interested in the subject to fjudge for themselves of the 
general nature of the steel so made, by its fracture, power 
of bending when cold, and by the other characteristics de- 
veloped by treatment when heated. In drawing attention 
to these objects I must ask to be permitted in your name, 
as well as in my own, to thank my friends, General Young- 
husband and Mr. Price, for the very kind interest they have 
taken in this subject, and for the readiness with which they 
have consented to exhibit these specimens of their work. 

I must now conclude my remarks by mentioning the re- 
sults of the trials made at Woolwich to ascertain the ten- 
sile strength of the steel they have made, of which some- 
thing like fifty tons has been turned out. 


Strain on original Area. Elongation. 

Untempered Broke at 36°6 tons. 21 per cent. 
Do. 35.5 _ 
Do. on 37.8 SS wn 
e Do. a” rr = a 
- “UE oil ... . * 
i “= 39.6 7 
Do. water ... 41.6 _. 

oe 46.6 





Mr. Bell also read an addendum tothis paper. In this he 
stated that he had been unable to have any drawings pre- 
pared, or get ready any further account beyond that for- 
merly given of the different methods he had pursued in 
freeing pig iron from od ga horus, so as to obtain the 
products he had described. + had to be aimed at in 
carrying on the operation was as complete and as rapid an 
admixture of the fluid iron and fluid [oxide or cinder as 
possible, and at as low a temperature as was consistent with 
the physical of the two. How the two were liquefied was 
of course a matter of indifference, so that at the commence- 
ment of the process both were sufficiently fluid to remain so 
until its completion. He had used a revolving furnace 
made according to the system devised by Messrs. Godfrey and 
Howson. This furnace was adopted to enable him without 
trouble to heat-up, if necessary, the interior before each 
c e. The iron was occasionally melted in a cupola, but 
generally s ing came direct from the blast furnace. The 
oxide was upon different occasions fused in the cupola, 
but much more frequently it was either melted in the 
Godfrey and Howson furnace, or heated sufficiently high 
so that when the hot metal was brought from the furnace 
its liquefaction was completed. Nearly all the examples 
given in the paper were so prepared, but although the fur- 
nace was the largest made by Messrs. y and Howson, 
it was not capacious enough to purify the iron without great 
inconvenience and interruption in sufficient quan- 
tities. In consequence of these difficulties which attended 
its use, he had had constructed another form of apparatus. 
This consisted of a trough of boiler = closed at the ends 
and covered at the top by means of a brick arch. The bottom 
and sides were lined with purple ore. Attached to the 
bottom on the outside is a strong gudgeon, upon which it 


rested and upon which it could be made to vibrate like the |}. 


beam of a steam engine. One end was provided with a 
tapping hole, and the brick arch was pierced with three 


— to permit the of the gases which were given 
off during the operation. ughly, its di ions outside 
were 12 ft. in length, 3 ft. in width, and about the same in 


height. The interior was heated red hot, and the oxide 
was introduced either melted or sufficiently heated to melt 
when the iron was run in. Motion was then given by 
means of a steam engine, so as to cause the cinder and iron 
to flow from one end of the vessel to the other. In about 
ten minutes they bad done this from sixty to eighty times, 
velling thus in contact over adistance of from 720 ft. 


tra’ 
to 960 ft. They were then into moulds, when the 


FOREIGN AND COLONIAL NOTES. 
Prussian Railways.—According to a Prussian Govern- 
ment return the total increase of the Prussian railwa: 
system in 1877 amounted to 4212 miles. The total 1 4 
po ad line opened in Prussia in 1876 amounted to 3814 
miles. 


Italian Railways.—lIt appears that there were 145§ miles 
of railway — in Italy in 1877. The Ss revenue of 
the various Italian lines last year was 6,142,654. 


Steam on Tramways. — The abandonment of steam 
traction upon the South Parisian tramways is attributed to 
the absence of a satisfactory understanding between the 
company and its general contractor. Should this really be 
the case, the change which has been made possesses scarcely 
any genera! significance. 

Docks at Port Adelaide.—A company is in process of 
formation to consist of 20,000 shares of 51. each for the 
construction of a new dock and wharves at Port Adelaide, 
South Australia. 


Steel Rails on the Detroit and Milwaukee.—The re- 
ceiver appointed to administer the affairs of the Detroit 
and Milwaukee Railroad has laid 2000 tons of iron rails and 
7999 tons of steel rails on the line, the iron in 1875 and the 
steel in 1875, 1876, and 1877. There are now 150 miles of 
steel rails and 39 miles of iron rails in the line. The chief 
engineer recommends tbat one-half of the iron rails should 
be replaced by steel. 

Australian Telegraphy.—During the past year 890 miles 
of new telegraph lines were opened in Australia, and the 
total mileage now working amounts to 9763 miles. 


Locomotives in Paris.—Paris is traversed by nine great 
lines of communication from east to west, while there are 
only three main arteries from north to south. To relieve 
the latter M. Louis Heazé proposes the construction of an 
elevated railway, which is at the same time to serve as a 
connecting link between the termini of the great railways 
which centre in Paris. 

Gas in Belgiwm.—The sales of gas effected by the 
Belgian General Company for Lighting and Heating by Gas, 
amounted in September, October: November, and December, 
= and January, 1878, to 358,903,093 English cubic 

eet. 

Tasmanian Main Line Railway.—This line extends 
from Hobart Town to Launceston, 133 miles. The stations 
are O’Brian’s Bridge, 64 miles; New Norfolk, 12} miles ; 
North Bridgewater, 134 miles; Brighton, 17} miles ; Tea 
Tree, 21 miles; Campania (Richmond), 273 miles; Jerusalem, 
39 miles; Flat Top, 46} miles; Jericho, 514 miles; Oatlands, 
554 miles; York Plains, 624 miles ; Antill Ponds, 68 miles ; 
Tunbridge, 74 miles; Ross, 834 miles ; Campbeltown, 91 
miles; Corners (Fingal Road), 98 miles ; Cleveland, 101 
miles ; Epping Forest, 105 miles; Snake Banks, 112 miles ; 
Evandale, 120 miles. The line connects with the Launces- 
ton and Western Railway at Evandale Junction. There 
are three wo: trains per day. The line was constructed 
by Messrs. Clark, Punchard, and Reeve, of London. The 
gauge is 3} ft. 

Rolling Stock on the Chicago and Alton.—The number 
of locomotives and cars upon the Chicago and Alton Rail- 
road at the close of last year was the same as the close of 
1876, comprising 156 locomotives, 151 of which are con- 
structed for burning coal, and 5 for burning wood. About 
43 locomotives are equipped with the Westinghouse 
automatic air brake, and 9 with the same description of 
air brakes applicable to driving wheels. The cars owned by 
the company consist of 98 for use in passenger trains, and 
3080 freight cars of different kinds. Ninety-four of the 
passenger coaches and other cars, designed for use in 
passenger trains, are equipped with the Westinghouse 
automatic air brake. 

Bridge Testing in Connecticut.—A car for bridge testin 
is to be purchased by the State of Connecticut, and it will 
probably lessen the number of accidents of the Ashtabula 
order within the boundaries of that State atleast. The car 
is to be used on every railroad bridge in the State at least 
twice a year. It consists of an iron tank resting upon 
three trucks, the tank being capable of holding eighty tons 
of water. On the centre truck are four hy bento jacks, 
operated by one lever, and by these the entire weight of car 
and contents can be thrown upon the centre truck. In case 
a weakness is discovered, the floodgates are opened by a 
—_ lever, and the water instantly let off, relieving the 
bridge of eighty tons weight. The car will weigh about 
sixty tons, and when the eighty tons of water are added, the 
full test will be 140 tons. This weight may be lessened, of 
course, if desired. 

American Implements in Germany.—Mr. Wilson King, 
United States consul at Bremen, writes that American 
manufacturers are ing there to a considerable extent. 
For several i past two of the largest manufacturers of 
mowing and reaping machines in the United States have 
had their warehouses and head European offices i Bremen, 
and the number of machines sold by these and similar 
houses having their head-quarters in other German cities, 
been very great. Within the last year or two several 
Americans have also started agencies for the sale of small 
agricultural implements and tools, and have met, with 
success. 

Tramways at Calais.—The Tramways and General 
Works Company (Limited) is about to let contracts for the 
— of 2} miles of tramways at Calais and St. 

erre. 

The Suez Canal.—The revenue of the Suez Canal Com- 


any sustained a check in Feb: having amounted last 
mont with’ 126.8701. in February, 
receipts in the two first months 





iron and cinder separated precisely in the manner they did 
when run out of a refinery. 
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HORIZONTAL FANS FOR FEEDING 
FURNACES. 
By Josepu J. BUTCHER. 
(Continued from page 214.) 

Tue part played by reflections in the general 
grouping of the coal within a furnace, having 
vertical sides, has been shown in Fig. 9, page 178 
ante, from which it is evident that much of the fuel 
that is discharged by the fans, towards the extreme 
right and left hand limits of their spray, is ultimately 
deposited in the front or midway along the grate, 
and an inspection of the right-hand side of Fig. 27, 
annexed, will show that it is also well distributed 
laterally. The effects due to condensation and dis- 















































concare in transverse section, indicating that the 
reflecting sides did not throw the coal so much to- 
wards the longitudinal axis as formerly. We may 
mention, in passing, that the effects of condensation 
of spray are also distinctly visible in these beds. 
But the different actions of the furnace sides will be 
still better understood from Fig. 27, which shows a 
half view of each of the two kinds of furnaces 
looking from the bridge, one half having a tubular 
and the other a vertical side, The fans feeding 
them are shown in eleyation at the front end of 
the furnace. The lines a a' a’, 4 d' 4?, &c., on the 
different sides, mark the supposed paths of pieces 
of coal discharged from the respective fans. Each 
pair of these trajectories marked by similar letters 





that the effect of the vertical side of a brick furnace 


is to throw the coal back from it more towards the 
middle of the fire than is the case when the reflec- 
tions take place from the side of a cylindrical furnace, 
This explains the slight heaping observed in the 
beds of coal, sections of which are given in Diagrams 
A, B, and C on 178. The lumps are, in fact, 
thrown downward by the curved sides, This fact 
would lead us to expect that they would not travel 
so far in the latter case as in the former, and the 
inference may be proved by a comparison of 
the amounts of coal that fell at the front ends of the 
gratesin Tables II. to IV., page 178, with those de- 
posited in the diagrams, in the same position. The 
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paths of the pieces viewed in plan are shown in Fig, 28, 








“ 
Fia. 38. Aperture 6 in. ; fan beaters nearly radial; distance of face of boards from edge of fan, 6} in. 
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persion of spray in regard to longitudinal grouping, 
may be seen from a careful comparison of pairs of 
beds in Tables II. and IV., page 178 ante, taking 
one out of each of the Tables having the same re- 
lative position. In Table IV. the spray had a greater 
dispersion, and this generally showed itself in a 
somewhat heavier feed at the front of the grate. 
The point, however, to which we now wish to direct 
especial attention, is the effect of varying the form 
of furnace sides. The influence exerted by a chan 

in their form will be well seen in Diagrams A, f, 
and C, page 178, containing sections of, and sound- 
ings through, three beds laid within a circular flue. 
It will be observed that the front half of the fire is 





are similar in the directions in which they sta:t from 
the fans, but their ultimate destinations are very 
different, owing to the various angles and positions 
of the reflecting surfaces. The paths of the lumps 
will, upon the ave , Obey the, law that the angle 
of reflection is equal to the angle of incidence, and 
in Figs. 27 to 30, they have been drawn in’ accord- 
ance with it. We say “upon the average,” be- 
cause the lumps of coal, being of an angular form, 
will not be always reflected in the no direction, 
but will follow paths varying about that direction 
on every side, so that the general effect produced by 
many lumps will be the same as if they all truly 
obeyed this law, It will be observed, from Fig. 27, 














. 35. 6 in.; fan beaters inclined 27 deg. forward of radii, cutting them at the fan’s edges (i.¢., tangential 
Pa ios drele of 31/5 in..radius) ; distance of face of boards from edge of fan, 64 in. 


in which their termini, marked by similar letters, 
show the effects of the two reflections as explained. 
It may be seen, however, from the diagrams that the 
disturbing effect upon the distribution at the back 
half of the grate surface, resulting from curved 
furnace sides, is inappreciable, and the reasons for 
this will be made clear by a consideration of Fig. 28, 
in which c? and d?, both on the right and left of the 
figure, hold very similar positions. In practice these 
positions would be yet more alike, for the destina- 
tions of the pieces would be about c*® and d*, in 
consequence of a greater loss of momentum in 
striking the brickwork than would occur with the 
iron side. The altered paths dué to this loss of 
energy are shown in dotted lines in Fig. 29, and the 
downthrust from the curved side in Fig. 30. Itmay 
be said, before leaving this subject, that while with 
the old form of fan feeding, as shown in Fig. 9, 
page 178, the effect of the tubular form of flue is de- 
trimental to the lateral distribution, it is beneficial 
to the longitudinal, as it keeps a greater weight at 
the front of the grate ; and as a matter of practice 
these machines have, we think, succeeded if any- 
thing better upon tubular boilers than upon those 
fired from beneath, although that success, even with 
an unequal distribution, has often been very marked 
in both cases, 

By the foregoing considerations the disturbing 
effects upon the distribution, exercised by the vary- 
ing character of the furnace sides, were brought so 
prominently before the writer, that he determined 
if possible to get rid of this uncertainty by, as far 
as practicable, getting rid of the reflections them- 
selves, and applying the coal to the fire only direct 
from the fans, With a uniform speed this would 
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of course be impossible, if any coal at all were to 
be dropped upon the front of the grate, but with a 
fast m9 slow motion of fans the problem became 
com tively easy of solution. It will be seen 
from Fig 31 that where a pair of fans are revolving 
at a speed sutlicient to drive their coal to the back 
portion of the grate, Sopueee it about the space 
ef fe, the segments of discharge from which the 
supply requires to be projected must be limited on 
the one hand by a line cutting the two fan centres, 
and on the other hand by the respective radii per- 
dicular to the tangents drawn to the points ¢ e’. 

ith regard, however, to the back portions of the 
grate, a rigid limitation of the discharge to these 
small ares is not required, as it is found in practice 
even with a very coarse dispersion and round flues, 
that these portions of the surface are not thrown 
outof level. Where the realevil that has to be 
dealt with lies, is in the front half of the grate, 
which will be fed by the fans when revolving at 
comparatively slow speeds. Here the required arcs 
of discharge begin to enlarge rapidly, and it is im- 
portant to give them an approximation to truth, An 
Inspection of the radii which are normal to the 
various tangents shown will at once suggest the 


means of obtaining the greater amplitude of spray | 


required to feed those portions of the grate. In 
supplying the coal to the fan it is not necessary to 
ere to the segmental form of fall, as it has been 
roved, by an analysis of the delivery from the or- 
Sheer machine, that the same effect is produced by 
supplying some portions of the coal near the centres 
of the respective fans. Thus the desired end can 
be attained by allowing the coal to fall upon the 
fans over an edge parallel to, but somewhat behind, 
a line joining the two fan centres, and at the same 
time providing means for narrowing. the falling 
stream, to produce a corresponding condensation of 
spray when the fans are being driven at a high 
speed, and of gradually widening it as the speed of 
fan diminishes. 

There is another method of producing this con- 
densation of spray, which, though not so convenient 
for the purpose under discussion, we may as well 
mention here, as we understand some makers have 
made a trade mystery of it, and claimed for it a 
virtue that it does not possess. It is that of in- 
clining the beaters forward from the ordinary radial 


position — feathering them so to s . Fig. 32 
shows a pair of fans constructed in this way. The 
beaters have been in some cases. made curved, the 


convex side being that which delivered the blow, 
but the effects of the two forms are practically the 
same, ‘This effect is to allow the coll greater free- 
dom of escape from the influence of the beaters, 
by delivering to it a ‘‘ cutting” blow, very similar 
to that dealt by the batter in cricket. The pieces 
falling near the centres of the fans are not carried 
so far round with them, and therefore the greater 
the forward inclination of the root of the beater 
from the radial position the greater, within certain 
limits, is the condensation of spray. To throw 
a given distance, however, this form of fan re- 
quired to be driven at a higher speed than radial 
beaters necessitate, and the direction of delivery 
departs in a greater degree from the tangential than 
it does in the commoner form. The writer has, 
however, used these fans with advantage, where the 
coal was required to be introduced to the furnace 
through an exceptionally narrow neck. If required 
to be used so as to produce an increasing condensa- 
tion of spray with an increasing speed, these beaters 
might be so hinged, weighted, and sprung, that, as 
the centrifugal force of rotation increased, the angle 
would be affected as desired. 

The similarity of the effects produced by narrow- 
ing the width of the stream of falling coal upon the 
fans, and by feathering their beaters as described, 
will be rendered more evident by an inspection of 
Figs. 33, 34. and 35, which are copied from spray 
diagrams, taken in the following very simple manner. 
Three boards, each covered with a layer of Portland 
cement about an inch in thickness, wefe separately, 
while wet, placed vertically in front, of the fans 
while the latter were delivering their coal. Thus 
their position was ‘made to correspond to the 
entrance to a furnace, and they received into 
the bed of soft cement the entire spray of coal 
that would otherwise have been dispe therein, 
the distribution of the coal over the cement faith- 
fully exhibiting a transverse section of the spray. 
= whole was NX yoy to dry and ——* 

or comparison. In the t case, Fig, 33, the fan 
beaters were placed nearly radially, on the wiith 
of the edge over which the coal fell on to the fans 





(w Fig. 1) was 6 in. In the second case, Fig. 35, 
the roots of the beaters were inclined forward 
27 deg. from the radial as in Fig, 32, the widta of 
the stream supplied being as before. The conden- 
sation effected is manifest. In the last.case, Fig. 34, 
the beat rs were again fixed radially, but the width of 
the edge over which the coal fell on to the fans 
(# Fig. 1) was diminished to 2in. The similarity of 
effects in the two latter cases is obvious, but Fig. 34 
registers decidedly the best result. 

We have said that one of the most useful results 
of obtaining a sound theoretical base upon which to 
work, is the facility it gives in adapting a machine 
to circumstances unlike those in which experieace 
has already been gained. Another illustration of 
this fact is given in Fig. 36, which shows a pair of 
horizontal fans arranged to feed a circular fire. Here 
the greatest condensation at a high speed, and the 
greatest dispersion at a low speed, is required. The 
necessity of expansion of spray as the speed 
diminishes in this form of firebox will be too obvious 
from a consideration of the figure to require further 
comment, The centres of deposit at the various 
speeds considered are indicated by the dotted lines 
upon the plan. 

Alithat now remains to be said to complete the dis- 
cussion of the third qualification (Table I., p.178) that 
we stated would be necessary to the production of a 
perfect furnace feeder, is that at low speeds it will 
sometimes be found that the lateral distribution is 
not quite even, owing to the fact that occasional 
pieces will fall at the front of the grate, even when 
the fans have a higher velocity. This defect, how- 
ever, can be at once rectified by so arranging that 
the greater portions of the coal fall upon the fans, 
when revolving slowly, at such positions that the 
thinly fed portions of the grate shall be adequately 
supplied, The machine will then be capable of 
feeding equal weights on equal areas. 

(To be continued.) 





IRON AND STEEL INSTITUTE. 
THE Bair PROCEsS. 

At the meeting of the Iron and Steel Institute on 
the 28th ult., the discussion on Mr. Ireland's paper, 
‘*On some recent Improvements in the Manufacture 
of Iron Sponge by the Blair Process,”* to which we 
could only refer last week, was begun by Mr. Baker, 
of Sheffield, who said that the subject of Mr. Ireland’s 
paper was a most important one, and must be of the 

t interest to every member of the Iron and 
1 Institute, considering that the process seemed 
applicable to the enormous quantities of waste 
materials resulting from the burning of pyrites, and 
to various rich ores which were found in such a 
pulverised state as to be difficult to treat in a blast 
furnace, He referred to the last paragraph 
in the paper, in which the author reminded his 
hearers that the chemical action of lime in accele- 
rating the reduction of the ore to a metallic state 
had never been clearly explained, and said that this 
paragraph amounted to a challenge to chemists 
which no doubt would be taken up by them. In 
reference to another part of the paper he said that 
if heated air containing nitrogen be passed over iron 
in the presence of an alkali, cyanogen would be pro- 
duced. On this Mr. Riley observed that in fairness 
to metilurgists it was only right to say that the 
subject of the paper had been very fully considered. 
All purple ore contains lead sulphide in quantities 
varying from 1.25 to 3 per cent., and it was well 
known to most people present that the reaction of 
lead sulphide upon iron sponge is to produce iron 
sulphide and metallic lead, 

Mr, Snelus said that having seen the process re- 
ferred to in the paper at Mr. Ireland’s works at 
Manchester, he could say something in favour of it. 
He could answer for it that the reduction is very 
perfect indeed, and he thought very rapid as well. 
The influence of lime in the process had been men- 
tioned, its action being to produce cyanide, by which 
the reduction is facilitated, and to which su nce 
must be attributed a large portion of the action 

oing on within the blast furnace. Mr. Edward 
Villiams thought that it would have been of 
interest to the members if the author of the paper 
had stated what was the cost of the process, the 
perfection of which in a mechanical point of view 
he did not dispute, but he could not help thinking 
that the amount of re-working would the 
process out of the reach of steel rail manufacturers. 
He also asked Mr. Ireland to what extent the 

* We publish this paper in extenso on page 289 of the 
present number. 








process had been applied to the making of commercial 
steel, while Mr. Aitken inquired with what substances 
is the phosphorus combined ia the coked ironstone? 

Mr. I. Lowthian Bell stated that he hadin America 
an opportunity of examining specimens of iron made 
by the Blair process, and he was bound to admit 
that the iron so produced was very pure, but the 
same objection had struck him which had been 
raised by Mr. Williams, namely, its great cost, He 
could not help thinking that both the Bessemer and 
the Si re s had now been brought to such 
a high degree of perfection that he had great doubts 
whether any new process would ever be able to 
compete successfully with them in a commercial 
point of view on account of the great ease with which 
the carbon is eliminated in both of those processes. 
He ventured to make these criticisms believing that 
it is a friendly act to point out to an inventor any 
defects in his invention before he has gone too far in 
it to be able to remedy or remove them, 

The President called attention to the fact that the 
question of converting ore into spongy iron is not by 
any means new. It had been effected many years 
ago by Mr. Clay, and the well-known Chenot pro- 
cess had a similar object in view. Dr, Siemens said 
that he had himself produced aspongyiron by methods 
somewhat analogous to that described in the paper, 
so that he could hardly think that any one name 
could be attached to that or any similar process. The 
difficulties he had met with were several ; in the first 
place, the iron sponge locks up in it earthy materials 
with the ore, and these prevent, to a considerable 
extent, the liquefaction of the metal in the furnace, 
Another difficulty is that the sponge absorbs sulphur 
in large quantities. Mr. Ireland had certainly 
suggested a novelty in his own particular method of 
carrying out the process, but Dr, Siemens could not 
follow him as to the special advantages of it; he 
considered that in the blast furnace we have the most 
perfect apparatus for the production of spongy iron, 
what therefore he would ask, is the use of letting the 
substance cool and then having to heat it again? In 
the blast furnace no such cooling, and consequently 
reheating, is necessary. He was sorry to be obliged 
to speak somewhat discouragingly of a paper brought 
before the meeting, but he felt with Mr. Bell that 
an inventor's best friends are those who will show 
him wherein lie the weak points of his invention, 
that he may be enabled to improve it. 

In reply, Mr. Ireland said that he had never 
pegs | the reduction by this process of small ore, 
he had had to contend against so many difficulties 
with respect to the larger pieces that he had never 
attempted the smaller. He did not pretend or 
expect for a moment to overthrow the blast 
furnace, his object had been to produce an iron 
which contained as little carbon and silicon as 

ossible, and in this he had succeeded, He had 
ound that by the addition of raw ore poured 
on to an open hearth furnace it could very readily 
be reduced, It is perfectly true that the iron sponge 
is very sensitive both to oxidation and td the effects 
of sulphur, but great success cannot be expected at 
the first starting of a new process, but he believed 
it would be found to be of value in the reduction 
of refractory ores. 





STEEL CastTING APPARATUS. 


The President having proposed a vote of thanks 
to Mr. [relund for his paper, called upon Mr. 
Michael Scott to read his communication ‘‘ On Steel 
Casting Apparatus,” which we publish in extenso on 
page 289 of the present number. The discussion on 
this paper was opened by Mr. Bessemer, who 
said that he would have preferred that the 
practical users of his process had criticised the 
paper which they had just heard, because he felt 
that he of all others ought to be grateful to those 
who brought forward any developments of his pro- 
cess. He should have thought that, in the system 
described by Mr. Scott, the cooling of the metal 
by running along channels would prove an incon- 
venience, but as it is stated in the paper that this 
inconvenience does not arise, his argument must fall 
to the ground. He iy. that in the operation of 
pouring the metal there should be some provision of 
raising and lowering the whole ladle so that while 
the edge was lowered by the action of tilting it 
should be maintained at a uniform distance from the 
runner into which the metal is poured. In his own 

ience he had found a pape barn - 
the operation of casting, and at his own works, 
well as in others, attention was given to this point. 

Dr. Siemens said that the difficulty suggested by 
Mr. Bessemer as to the cooling of the metal while 
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running through open channels was one of very great 
importance. Steel will not run through any great 
length without chilling, and in order to overcome 
that liability it is necessary for the metal to be run 
with great rapidity. In his own process the steel is 
run through a covered spout or nozzle, and the 
moulds travel under it either on a straight railway 
or they are placed upon a revolving turntable. He 
thought that any mechanical improvement of the 
casting pit was well worthy of the attention of 
the Institute. 

Mr. Scott in a brief reply said that there was an 
important saving in first cost in favour of his appa- 
ratus, while he also pointed out some other advan- 
tages. ‘The President then poogeest a vote of 
thanks to him for his paper, and it being nearly half- 
past four o'clock the meeting was adjourned until 
the following day. 


TureEE-HicH Ro.iine MILs, 

On Friday morning, the 29th ultimo, the meeting 
was resumed at half-past ten o’clock, when the busi- 
ness commenced by the discussion upon M. Thomas’s 
paper ‘* On Improvements in Belgian Three-High 
Rolling Mills,” which had been read at the Newcastle 
meeting, and which was published in our columns at 
the time.* An abstract of anappendix by M. Thomas 
having been read by the foreign secretary, M. Deby, 
Mr. Adamson said that it was impossible to discuss 
a communication which had been presented in so 
crude a state. Without diagrams the paper was 
quite unintelligible. He could not but consider 
that the presentation of such incomplete papers to 
the Institute was much to be deprecated, much 
valuable time being wasted thereby.; he would pro- 
pose the adjouroment of the discussion upon this 
paper until the diagrams in illustration of it were ready. 
Mr. Richards, however, saidthat he had had an oppor- 
tunity of seeing the mill which had been described in 
the paper, and he considered that it did M. Thomas a 
great deal of credit, and he was very glad that the 
subject had been brought before the Institute. 

Mr. Menelaus said that he had been startled at 
hearing in the paper that the author claims credit 
for saving more money by his system than it cost 
English manufacturers to do the whole operation of 
rolling. ‘The paper was, he thought, a very valuable 
one, and he agreed with Mr. Adamson so far as to 
think it would be advantageous to adjourn the dis- 
cussion until the diagrams could be brought before 
the members. Another speaker remarked that 
the paper read at the Newcastle meeting contained 
some very extraordinary statements, and it had 
been said that this was caused by M, Thomas's 
imperfect knowledge of the English language. 
He did not think there was anything claimed 
by M. Thomas that is not common to. all makers 
of angle-iron which is made in this country in 
20 ft., 30 ft., and even 40 ft. lengths... He failed to 
see what there was in M. Thomas’s scheme that was 
new. 

Dr. Siemens thought it was hardly worth while to 
adjourn the discussion upon the paper.to another 
meeting. It seems to be acknowledged that the 
mill referred to in M. Thomas’s paper is doing good 
work, but he did not think any novelty could be 
claimed for it. The paper did not appear to him to 
be one for much discussion; he proposed therefore 
that the discussion should be closed, and as this 
proposal appeared to meet with the approval of the 
members present, he concluded by moving a vote of 
thanks to M. Thomas for having brought the sub- 
ject before the Institute. 


RaILs AND PERMANENT WAY. 

The next business was the reading of Mr. Wood’s 
pee ‘* On Statistics respecting the Production and 

epreciation of Rails, and Notes on the Application 
of Wrought Iron and Steel to Permanent Ways, 
with a Description of a new kind of Railway Sleeper 
and Clip Chair.” We published this paper in extenso 
last week.t Much amusement was caused by that 
portion of the paper in which the author pointed 
out to railway companies that their true policy was 
to give out immediately large orders for rails, thus 
stimulating trade at a time of universal depression, 
and relieving the demand when the rush which the 
author showed from statistics must sooner or later 
come upon the market. Dr. Siemens, in inviting a 
discussion upon Mr. Wood's paper, said. that this 
was @ valuable communication, and ought to have 
great interest for makers of railway plant. 

Mr. Price Williams thought it very encouraging 





* See ENGINEERING, vol. xxiv., page 226. 
t See ENGINEERING, page 267 


ante. 








in these times of depression to listen to a paper such 
as Mr. Wood had brought before the Institute. 
With respect to the figures of the mileage and ton- 
nage of the railways of the world, he had no doubt 
that the author of the paper had been very careful 
to obtain them from reliable data, but he would like 
to know the sources from which they had been 
derived. He might mention as a mere coincidence 
that the ratio of shunting mileage to mileage of line 
was strikingly close to 25 per cent. With respect 
to the average ‘life’ of a rail, he could not help 
thinking that there was something wrong in the 
author's estimate of ten years. We are now going 
through a period of transition, steel taking the place 
of iron, and it is in consequence very difficult to form 
a reliable opinion as to what the present life of a rail 
really is, On the Great Northern Railway the trattic 
is doubling itself in periods of a little more than 
eleven years; and he thought that it is generally 
accepted that the life of a rail is measured by the 
amount of tonnage passed over it combined with the 
average speed of the trains. Mr. Webb had con- 
firmed that method of estimation on the London 
and North-Western Railway. He trusted that 
in the course of a few years, when we have 
seen the last of iron rails, that we shall be able to 
have some reliable data to go upon with regard to 
this important question. With respect to sleepers 
he considered that the author of the paper had 
touched upon a most important subject, for a 
perfectly durable substructure of road is much 
wanted. The question is not one of creosoting, by 
which decay is arrested, but -of providing against 
mechanical destruction. The life of a sleeper 
(especially in temperate climates) is not diminished 
by decay, but by being beaten out by the “* pound- 
ing” action of the trains. It is self-evident that if 
the substructure of a railway fail, fair play is not 
given to the rails, There could be no doubt that 
iron would be a most valuable material for sleepers 
if the ‘‘ chattering” of the rails in them could be got 
over, for what is wanted most is great weight, b 
which steadiness and stability are insured. Wit 
regard to the Barlow rail, he must confess that he was 
staggered to hear it spoken of in the paper as a 
— rail for the: future, for he remembered 

earing Mr. Barlow himself say some years in 
that very room that it was very defective. The 
method adopted by the author of comparing curves 
by means of a model, although ingenious, was some- 
what astonishing, for engineers generally make 
railway curves parts of circles, but there was an 
angularity about the model which would account 
for many of the peculiarities complained of by the 
author. 

Mr. I. Lowthian Bell, who spoke next, considered 
that the statement made in the paper to the effect 
that steel rails suffer from corrosion more than iron 
rails is not correct. In -one of the tunnels on the 
North-Eastern Railway the rails, which were of 
steel, had lasted over seven years, although there 
had been a traffic over them of between fifty and sixty 
millions of tons, and the tunnel was.so damp that the 
rails were always actually wet. He was strongly 
of the opinion that the liability to corrosion in an 
iron rail is due to its want of uniformity of structure, 
containing as it does lamine of cinder and other 
foreign substances, which by causing local voltaic 
action were, in his opinion, the chief causes of 
corrosion. For that reason he believed that steel 
rails possessing no such lamination would not be 
liable to that influence, Mr, Bell said he was 
not disposed to question the truth of the statistics 
given in the paper of ‘ The Railways of the World,” 
in fact what he had been able to gather in the 
course of his experience went to confirm the correct- 
ness of these figures. He agreed with Mr, Price 
Williams that we should have accurate statistics as 
to the average life of rails, It was the custom on the 
North-Eastern Railway to keep an accurate account 
of the life of every rail employed on the line, Some 
of the rails on that system have been down as 
long as sixteen or seventeen years. He. considered 


that the life of a rail must depend upon the weight of 


to Mr, Price 


the trains passing over it. Referrin 
but small in- 


Williams’s remark that creosoting 
fluence in extending the life of a slee 
said that it must not be forgotten that ° 
not only preserved the:sleeper from decay, but it 
confers at the same time a ess b 
enabled to resist the ‘‘ pounding” i 


traffic. 
Next, Mr. Lloyd remarked that he had in the year. 


1863 supplied rails to the Metropolitan Railway Com- 
pany upon a seven years’ guarantee, and during the 


, Mr, Bell 
ion 


which it is 
uence of the ' 


whole of that seven years’ period he had never re- 
ceived from the company any communication on the 
subject. He corroborated, on the authority of the 
late Robert Stephenson, the statement made by Mr. | 
Price Williams that weight is a very important 
element in insuring the steadiness of sleepers, 
Mr. Markham said that he could not concur in 
a statement which had been made by a previous 
speaker that weight of traffic had nothing todo with 
the life of a rail. He had on one occasion destroyed 
a large section of the Midland en | sendin 
over it a very heavy train, although it travell 
at a slow speed—and he caused much laughter by 
adding, ‘‘ My friend, Mr. Barlow, never could make 
out what had destroyed the rails, but I knew very 
well and of course I did not tell him all I knew.” 
Mr. Price Williams explained that more than ten 
years ago he had called attention to the curious 
fact that on a gradient of 1 in 200 onthe Great 
Northern Railway, the rails on the down-hill line 
had to be renewed three times, while those on the 
up-hill line were renewed only once. He considered 
that this was due to the ter speed of the trains 
in running down the pend 100 It was a remarkable 
instance, especially as on the up-hill line there was 
a constant grinding action going on in consequence 
of sand being used to increase the “grip” of the 
wheels for the rails. Mr. Markham thought that 
perhaps the fact mentioned by Mr. Williams was 
due to difference in weight between the down 
and the up traffic. It was possible that heavy trains 
were running down the incline while empty trucks 
were running up. Mr. T, R. Crampton having 
made some remarks upon bearing surface, the 
author of the paper proceeded to reply to the 


discussion. In answer to Mr. Price Williams; he 
said that.he had obtained his data chiefly from’ the 
essrs, Maw 


report upon the Vienna Exhibition by 
and as the editors of this journal, and that 
from that source he had obtained the estimate of 
ten years as the average life of iron rails. Referring 
to Mr. Bell’s remarks by the comparative cor- 
rosion of iron and steel, Mr. Wood said that what he 
meant Ly the statement in his paper to which Mr, 
Bell had taken exception was, that iron when laid 
in the ground asa sleeper is notas liable to corrosion 
as steel, He believed that ‘chattering’ of rails 
when fixed in iron sleepers might be overcome by 
driving in between them an elastic wedge or key of 
wood, In reference to what Mr. Williams had said 
about the Barlow rail, he did not mean to praise 
that form of permanent way as a future system, but 
mentioned it only on account of its extreme 
simplicity, and in answer to Mr, Crampton’s re- 
marks, he said that his own chair which had been 
described in the paper possessed a large bearing 
surface. Dr, Siemens in proposing a vote of thanks 
to Mr. Wood said that the subject of his paper was 
a most important one, embracing as it did so large 
a field of the objects for which the Iron and Steel 
Institute had been established. 


THE MANUFACTURE OF Bessemer STEEL. 

Le pe Panay bes called sed Mr, Holland to 
re i per, which we publish on mecha 
“On the’ Manufacture of Bessemer Steel and 
Steel Rails at the Works of Messrs. Brown, Bayley, 
and Dixon.” The paper having been read Me 
Richards, in response to the Président opened the 
discussion by saying that he had seen the works de- 
scribed by Mr,Holland, and they ——_ to him to 
be as near perfection as possible, he had nothing to 
criticise in either the ments at the works or 
in the excellent description of them which they had 
just heard, and he could only congratulate Mr. 
Holland on the results. 

Mr. Edward Williams said thata very great deal had 
been achieved atthe works of Messrs, Brown, Bayley. 
and Dixon, with which no other works could be 
compared for success, He considered that this was 
due to the great perfection of mill management 

tised at those works as there is so much economy 
in the handling of the bars and ingots. He did not 
believe that there is any necessity for reheating if a 
mill is properly ed, but that on the contrary 
it did harm to the product. In iron, double-heating 
was a good theory, because it. gave an wm arerwe 
of making sure of a good, weld and it 
the chance of a weld being under heated, but no 
such question arises in the manufacture of ‘steel 
rails. Heating is always attended with danger to 
the material. A rail ingot will now and then become 
over-heated, sometimes falling to pieces, thus mak- 
ing it impossible to be formed into arail at all, It is 





perfectly obvious that the fewer times a rail is heated 
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the less danger there must be of over-heating. He 
admitted of course that in old mills this could not 
be avoided, but rolling mills are, in the main, very 
much the same now as they were forty years ago 
when he first made their acquaintance, and in lay- 
ing down new mills the pernicious system of double 
heating should be done away with altogether. 
There should be more accurate casting of steel 
ingots so as to diminish the loss by cutting off crop 
ends, and he thought that if that could be got over roll- 
ing mills would be very much simplified. He had been 
designing a machine for weighing the exact quantity 








of molten stee] at each draw-off, by which process 
he was hopeful of being able to pour into each ingot 
mould the precise weight of steel required for the 
rail to be rolled. At the works of Messrs, Brown, 
Bayley, and Dixon, which had been described in the 
paper, the whole system of double-heating is dis- 
psed with, and he could only say that each time 
e had visited those mills he had come away more 
and more dissatisfied with his own works and more 
inclined not only to copy Messrs. Brown, Bayley, 
and Dixon’s practice, bat to go still further in 
the same direction. Before he sat down he 
would like to say something about Mr. Bessemer. | 
He would claim for that gentleman great skill as a 
prophet. Many years ago Mr. Bessemer kept 
dinning into us two things which nobody believed | 





























linen cloth, which by being pushed down between 
the bars forms a series of deep furrows. the lower 
portions of which dip below the surface of the water, 








Fra. 1. 


at the time, the first was that the time would come | which is raised to a high temperature, A quantity 
when iron rails would disappear altogether in | of copper is heated ina crucible considerably beyond 

















would be sold at 6/. per ton. ‘The first,” Mr. | 
Williams said, ‘‘ is well-nigh accomplished, and I am | 
ompt say that the second has come about too.” 

e meeting then adjourned for luncheon, after | 
which Dr. Percy, who had been unable to be present | 
the day before when the discussion on his paper took | 
place, exhibited some interesting specimens of plate- | 
steel, made by the process of cementation, as well | 
as a bar of Swedish iron which bad been converted | 
by cementation by Messrs. Firth and Co., of Sheffield. | 

one of these specimens showed any signs of blisters. 
In contrast to these Dr, Percy showed a remarkable 
specimen which had been sent to him by Mr. Webb, | 
of Crewe, which consisted of a piece of ‘plate con- | 


favour of steel, and the second was that steel rails | jts menting point, and is then quickly poured into 
u 


the linen furrows, being cast into sticks below the 
water. The high temperature of both the copper 
and the water insure the formation of a film of 
aqueous vapour surrounding the copper, which not 
only prevents the burning of the linen, but pro- 
duces on the surface of the copper the oxide by 
which its lustre is preserved. 

Mr. Bessemer felt much indebted to Dr. Percy 
for having brought so interesting a fact before the 
meeting. He had himself, forty years ago, been 
very much misled by that very oxide on copper ; he 
was making some experiments with the object of 
making red powdered copper, and seeing some of 
the Japanese copper described by Dr. Percy, he 


taining a blister so large that it swelled the plate out 





| thought that he had hit upon the exact material he 


on each side to the extent of several inches. Dr. | wanted, not knowing that the bright colour was due 
Percy said that he had not yet had an opportunity | only to oxidation, Referring to the cause of blisters 
of analysing the contents, but he had no doubt that | in steel, Mr. Bessemer said that Dr. Percy had many 
the bubble contained carbonic oxide gas. He then | years ago arrived at the correct explanation. He 
called attention to an exceedingly beautiful specimen | thought that the cause of the large blister which had 


of Japanese copper, which was covered by a film of | 
its own oxide, and although it had been in his pos- 
session for thirty years, it showed no signs whatever 
of oxidation, presenting a bright red metallic lustre. 
It was a curious fact that this copper was cast by the | 
Japanese under water. The modus operandi is very | 
simple. On the top of a rectan alar trough of | 


water (See Fig. 1), are fixed a number of horizontal | 











trough ; over these bars is placed a long sheet of 








bars of wood, so as to form a grating covering the | 


been shown to the meeting was that in pouring the 
metal, a bene of slag had been carried down into 
the liquid mass, and he agreed with Dr. Percy that 
if the contents of the blister were examined they 
would prove to be carbonic oxide gas. He could 
not look upon such a blister as a sad thing, but 
rather as evidence of the excellent tenacity of the 
metal by which it is possible to make so large a 
bubble. 

Mr. Edward Riley said that it could clearly be 

















shown that in blisters in steel carbonic oxide is 
formed. It is essential to have a small amount of 
carbon in alliron. He had had some pure wrought 
iron which contained .05 per cent. of carbon, and 
this could be doubled a seats and forwards four 
times without injury. The President then proposed 
a vote of thanks to Dr. Percy for bringing the addi- 
tional facts before the meeting, and said that he 
fully concurred in the views expressed by Dr. Percy 
as to the cause of the blistering of steel. The dis- 
cussion upon Mr. Holland’s paper was then resumed. 

Mr. Maynard said that the most important feature 
in the works of Messrs. Brown, Bayley, and Dixon 
is the very excellent cupola arrangement by which 
both time and material are economised. He also 
stated that Mr. Holley had arrived at very decided 
opinions that the hoped-for advantages of tapping 
the metal direct from the blast furnace had not been 
realised, and that, therefore, cupola management was 
a most important consideration. 

Mr. Snelus bore testimony to the uniform kindness 
with which the author of the paper always shows his 
works and operations to competitors, and corrobo- 
rated all that had been said by previous speakers as 
to the very excellent work done there. ‘There are, 
he said, many difficulties in working iron directly 
from the blast furnace ; one drawback to this system 
was that the metal cannot be tapped at any moment 
that it is wanted. To remedy this Mr. Holley had 
designed a ladle into which the metal could be 
received, and by which it could be held in a fluid 
state until required. He |thought the adoption of 
an intermediate receiver was a point of great im- 
portance, as it not only saves time but facilitates the 
operation. He had been much gratified when visit- 
ing Messrs. Brown's works, with the great economy 
in the use of coke practised there, the waste heat 
from the converters being utilised,* as he himself had 
suggested at the Merthyr meeting of, the Institute. 
He stated that in cupola practice Mr. Holland uses 
a blowing engine, giving a pressure of ] lb. on the 
square inch, instead of a fan. With respect to cast- 
ing on the ascensional principle it was, like every- 
thing else at Messrs. Brown’s works, done well. He 
had himself been one of the first to adopt that 
system, but he had to abandon it on account of 
the want of space at his works. He was, how- 
ever, convinced that there is much to be gained 
by the adoption of the ascensional principle of cast- 
ing. Mr. Snelus concluded his remarks by asking 
the author of the paper to state from his experience 
what is the absolute waste in heating 11-in. ingots, 
and what is the average amount of crop-ends per 
month. 

Mr. Bessemer said that after the high and well- 
deserved encomiums passed on Messrs. Brown's 
processes, he would say no more on that subject. 

* We may remark that the a ent for heating the 
ie eee Mae be, ¢ 

ani . ur ? 
Sheffield, which has been applied to a portion of the plant 





| at Messrs. Brown, Bayley, and Dixon’s works. 
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Mr. Williams had spoken warmly of the system 
adopted at those works of rolling ingots while still 
hot ; one of his own early failures was due to his 
not taking proper notice of the advantage of that 
system. The old practice at Sheffield was to let 
ingots get quite cold before submitting them to the 
hammering process. On one occasion at his works 
a large ingot was allowed to become cold, and the 
next day it was heated again and passed through the 
rolls ; the effect was that the outside top and bottom 
was stripped off and a solid comparatively cool bar 
was shot out of the rolls. Mr. Bessemer explained 
the difference between rolling at first heating and 
rolling after heating again. »* the first instance, 
the middle of the ingot was hotter and softer than 
the outside ; and in the second, it was cooler and 
harder, unless the reheating was carried sufficiently 
far to make the temperature uniform throughout. 
This had not been done in the instance to which he 
had referred, and the consequence was that the 
exterior soft surface had been torn off, and the solid 
central portion had been thrown out. 

Mr. E. Windsor Richards said he would be glad 
to know if there is not an excess of silicon in Messrs, 
Brown, Bayley, and Dixon’s steel generally. He con- 
sidered that the good results obtained at the works 
w.th which he was associated was due to the employ- 
ment of spiegeleisen containing a large percentage of 
manganese. He considered more reliable results were 
obtained by tapping the iron directly from the blast 
furnace, for by passing through a cupola as much as 
-5 per cent, of silicon is lost. Mr. Riley observed 
that in his opinion quantities of manganese in steel 
of over 1 per cent. harden rails produced from it. 
In the rails used on the Indian State railways he had 
found as much as ] to 1.5 per cent. of manganese. 

Dr. Siemens explained that manganese is a con- 
venient substance enabling metal to stand well some 
of the mechanical tests, but on account of the 
unpossibility of causing it to be perfectly distributed, 
it was not safe to use it in steel for boilers or for pur- 
_ where very perfect steel has to be employed. 
1¢ considered that the liability of mild steel to cor- 
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rosion was due to the large amount of manganese 
which it contained. From some of his own experi- 
ments, which were not sufficiently advanced for him 
to bring before the Institute, he was satisfied that 
the liability to corrosion increases in a considerable 
ratio as the quantity of manganese in the metal is 
increased. He would like to call Dr. Percy’s atten- 
tion to the question, which was a most important one 
to all users of steel. Mr. Crampton also made some 
observations upon corrosion, and drew upon the 
black-board a sinuous curve with the object of 
em that the worse the quality of iron is, the 
etter it is to resist corrosion. 

Dr. Percy said that a question of this nature could 
only be settled by experiment. Referring to the 
experiments carried on upon the corrosion of iron 
and steel by the Admiralty, he said that of all the 
irons experimented upon the one least liable to cor- 
rosion was common puddled iron, and he attributed 
this greatly to the presence of ge pees In 
answer to a question put by Mr. Bell, as to how the 
Admiralty experiments had been conducted, Dr. 
Percy said he believed that a report had been 
presented by the Admiralty to the House of Com- 
mons, to which Mr. Bell, as a member, would have 
access. 

Mr, Bessemer said that ten years ago he reada 
paper before the Institution of Civil Engineers — 
the subject of corrosion, and in that paper he had 
pointed out how such experiments ought to be con- 
ducted. In his = gore aye he had operated with 
square bars of steel cut to exactly the same size and 
weight, three being of iron and three of steel. These 
bars were pushed for about half their length into a 
bar of wood, and were then immersed in diluted sul- 
phuric acid. The results were most remarkable. 
At the end of forty hours the bars had lost so much 
metal that the ridge separating the corroded from 
the uncorroded surfaces could be felt with the nail ; 
but there was a remarkable difference in the way 
they were corroded on different surfaces. The top 
pax bottom of the bars were eaten away in a flat 
surface, while the sides were furrowed out into deep 
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grooves corresponding to the lamination of the 
metal, and the ends were deeply pitted, leaving the 
fibres of the iron standing out like the bristles of a 
clothes-brush, 

Mr. Snelus said that he had had some experience 
in making plates, but he was not aware that the 
proportions of manganese in the iron of which they 
were made had had any effect upon their power to 
resist mechanical tests. He could quite support 
Mr. Bell’s views as to the corrosion of wrought iron. 
He was strongly of the opinion that wrought iron is 
more liable to corrosion than steel, and he had stated 
that opinion in evidence before the Boiler Com- 
mittee. ‘The President here expressed his opinion 
that the discussion was wandering from the subject 
of the paper, and called upon Mr. Holland to reply. 

Mr. Frolland began his remarks by saying that 
there were several questions which had been put to 
him to which he would be unable to reply. With 
respect to wasters, he said that at the works of 
Messrs. Brown, Bayley, and Dixon, the quantity of 
rails spoilt was from 2.5 to 3 per cent., and that no 
useless ingots were made. In reply to Mr. Richards's 
question he said that the amount of silicon in the 
pig iron was from 2.5 to 3 per cent. 

The President in proposing a vote of thanks to 
Mr. Holland for his paper said that he had had an 
opportunity of visiting the works therein described, 
and he was never more struck in his life than he was 
with the perfect order and beautiful system that he 
witnessed there. What struck him in particular 
was that the moulds were all open and were filled 
exactly to the point that was required for —- 
the ingot its proper weight. e paper they had 
just heard was a most valuable one, containing as 
it did so many facts which could always be referred 
to. He had great pleasure, therefore, in proposing 
a very cordial vote of thanks to Mr. Holland for 
having so fuliy brought the matter before the mem- 
bers of the Institute, 


Rai. Jomnts. 


A paper was then read by Mr. C, H. Halcomb 
“On Rail Joints,” the object of which ap to 
be to recommend a particular form of joint designed 
by the author, and which consisted of a couple of 
serrated wedges driven between grooves cut in the 
top and bottom heads of the rails to which they are 
applied. Mr. Stanger opened the discussion by in- 
quiring what would be the cost of such an arrange- 
ment. It was, no doubt, a pretty application of the 
principle of the wedge, but as a practical railway 
engineer he should like, before purchasing such a 
thing, to know what it would cost. Mr. Perry F. 
Nursey pointed out that the joint described in the 
paper was not by any means new, he had himself 
many years ago tried it and found it to be a failure. 
In illustration of his remarks Mr, Nursey exhibited 
a model of the arrangement. Mr, Paget was of the 
opinion that the serration between the surfaces of the 
two wedges would effectually prevent their ever 
being driven tight. He asked how the grooves 
were made under the of the rails, and also 
how the fluting or serration was cut between the 
grooves of the wedges. 

Mr. Halcomb, replying tothe discussion, said that he 
had not had enough experience to say positively what 


the cost of these joints would be if supplied in large 
numbers, but thought they would not be more than 
8s. 6d. or 9s. 6d. per joint if made of steel, and in 





support of the superiority of his joint over all others, 
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he described a conversation he once overheard on the 
Midland Railway between one of the compan ’s 
platelayers and ‘‘an engineer from London.” He 
concluded his remarks by saying that the cost of 
grooving the rails was about equal to that of boring 
the holes to receive the ordinary fishplate bolts. 


KENNEDY'S Spiral Poncu. 

The President having proposed a vote of thanks 
to Mr. Halcomb for the trouble he had taken, 
called attention to Kennedy’s helical punch intro- 
duced by Mr. Louis Sterne. In this tool (of 
which we annex an illustration) the end, instead 





of being flat as in punches of the ordinary con- 
struction, is of a helical form, so as to have a 
gradual shearing action commencing at the centre 
and travelling round to the circumference. Its 
form may be explained by imagining the upper 
cutter of a shearing machine being rolled upon 
itself so as to form a cylinder of which its long 
edge is the axis. The die being quite flat it follows 
that the shearing action soounels from the centre to 
the circumference, just as in a shearing machine it 
travels from the deeper to the shallower end of the 
= cutter. The following table, giving the results 
of experiments made at Crewe by Mr. F. W. Webb, 
was exhibited as a diagram. These results, it will 
be noticed, are eminently in favour of the spiral 
punch, 

This concluded the business of the meeting, and 
after a cordial vote of thanks to the President and 


Rezsvutts or EXPERIMENTS MADE AT CREWE ON THE TENSILE STRENGTH OF SAMPLES OF THE SAME PLATE 
PuNCHED WITH KENNEDY'S SPIRAL AND ORDINARY PUNCHES RESPECTIVELY. 


Siemens for presiding, which was carried by accla- 
mation, and the London meeting of 1878 came to an 
end. 


SHIFTING SLIDE VALVES FOR WINDING 
ENGINES. 





In describing some time ago the large winding engine 
at the silver mines of Pribram (Bohemia),* we pointed 
out that the Rider’s valves of this engine keep excep- 
tionally tight in consequence, probably, of their 
double motion (longitudinal and transversal) which 
prevents them from “cutting,” and causes a kind of 
polishing to take place between the faces. This expe- 
rience has lead to the adoption of “double motion” or 
“ shifting valves” in two other winding engines, which 
are in course of erection at the same mines. As these 
engines present some features of interest, we shall give 
here a short account of them with special reference to the 
shifting valves, and to the methods by which this shifting 
motion is attained. 

The larger of these engines, to be erected at the “ Maria 
Shaft,’ where it will have to draw loads of 3.6 tons 
(3600 kilo.) from a depth of 1300 yards (not yet reached 
however) is a direct-acting winding engine, that is to say, 
the rope drums are placed directly on the crankshaft, 
being thus worked by the engine without the interven- 
tion of gearing. It is scarcely necessary to add that it is 
a twin engine with cranks at right angles to each other. 
The cylinders are not steam jacketted,t but they are care- 
fully covered by wooden casings, which are made in such 
a way that any of their sides can be easily removed and 
replaced again if required. As in the Corliss engines, the 
admission of steam, as well as its release, is controlled by 
special valves, which arrangement allows of a more 
economical expansive working in connexion with the link 
motion. It is well known that in deep pits the variation 
of the load during each lift is considerable, and requires 
also a varying power of the winding engines. This 
variation of power is most economically attained by a 
varying cut-off of the steam, either by special expanding 
valves or by the common link motion. Whatever arrange- 
ment might be adopted, however, it must always allow the 
cut-off to be changed rapidly (especially with high-speed 
engines as now in use); thus, é¢.g., Rider’s valve is one of 
the means best adapted to this purpose, and so would be 
the link motion, but for one drawback that attends its use. 
By the link motion not only is the admission varied, but 
at the same time the exhaust is restricted also, causing 
undue compression. Now, in the engine under considera- 
tion, the admission valves and the exhaust valves have 
each their separate link to control them. These links are 
exactly alike for both valves, but whereas in the case of the 
admission linkf all points are used, varying the admission 





from full to ni/, in the case of the exhaust link the extreme 



































BREAKING WEIGHT OF 
Seam. , ELONGATION. 
. Area of 
Diameter : Plate under REMARKS. 
of Hole. On 2in. : 
Actual Per pe of Length | por Cont or 
r Inch. across F 
Holes. 
lb. lb. 
885 45,350 63,752 ll 5.5 -7114 4 
-885 45,000 60,318 2 11.5 -7461 
895 42,400 57,495 14 7 .7375 
.89 37,050 51,287 .03 1.5 -7224 
89 42,800 y .06 3 -7052 >Punched with “‘ ordinary” punch. 
-90 45,150 61,047 07 3.5 -7396 
895 39,000 55,465 09 4.5 7032 
Mean .. 42,393 58,579 104 5.2 7236) 
885 45,850 285 27 | 13.5 7245 1 
88 48,000 67,672 25 12.5 -7093 
.88 46,200 584 -23 11.5 .7266 
88 44,250 61,254 12 6 -7224 
.88 45,500 64,148 26 13 -7093 >Panched with “ Kennedy’s spiral”’ punch. 
895 47,600 084 27 13.5 -7203 
885 45,600 61,476 09 4.5 7418 
Mean .. 46,143 63,929 21 10.6 -7220 «J 
885 40,350 55,693 21 10.5 7245 ) 
89 41,800 59,274 .08 4 -7052 
895 44,350 63,073 .24 12 -7032 
885 45,400 62,664 .24 12 7245 Punched with both punches. Fracture 
885 42,100 58,109 24 12 7245 > occurred in every case through “‘ ordi- 
.89 45,450 62,915 23 11.5 -7224 nary” punch hole, 
89 34,300 47,480 07 3.5 7224 
Mean ...| 41,964 58,458 19 9.3 .7181 7 














Council of the Institution of Civil Engineers for 
their courtesy in lending their rooms to the In- 
stitute had been propo and seconded, the Presi- 
dent announced that the next meeting of the Iron 
and Steel Institute would be held in Paris in the 
month of September next. Mr. I, Lowthian Bell 
then proposed a very hearty vote of thanks to Dr. | 


positions only are brought into action, so that, whereas the 


* See ENGINEERING, vol. xxiii., p. 441. 

+ Experience at Pribram is stated to show that in winding 
engines the et a stops reduce the value of a steam 
jacket considerably. We think, however, that some special 
reasons (connected with the steam-jacketting arrange- 








cut-off varies, the exhaust remains unaltered. The valves 
are, moreover, separate for each end, so as to shorten the 
1 of ports, so that there are four valves to each cy- 
linder. The valve chests of the exhaust valves are 
divided, whereas those of the admission valves are united 
into one by a tube-like connexion, as shown in Fig. 2 of 
the illustrations which we giveon page276. The pistons 
are made of steel with brass packing rings. Bessemer 
steel is also used for the piston and valve rods, the shaft, 
the links, connecting rods, &c., while all pivots and 
pins are made of cast steel. 
The principal dimensions of the engines are as 

follows : 


, Millim. Ft. In. 
Diameter of cylinders ... « 580 0 2243 
Stroke os ms 1400 0 55 
Diameter of piston rod: ... wa! & 0 3% 

99 steam pipe (for each 

engine) ... ore. ee oad 0 4} 
Diameter of exhaust pipe (for each 

engine) ... =~ nan — | 0 6 
Admission ports (double) each ... 25 x 200 1x 7 
Esheass ws 45x 200 18x 7} 
Area of steam pipe to net piston , P 

area eee eee eee eee 3 
~— exhaust pipe to net : 

m area sie as es y 
Area of admission ports to net ig 

piston area jen oe ate sy 
Area of exhaust ports to net 

piston area i one ons a, 
Maximum travel of admission 

valves ... ati eco Sain 80 0 3) 
Constant travel of exhaust valves 80 0 3} 
Diameter of valve rods ... pe 50 0 2 
Cross head pin, diameter 110 0 45 

eo » length ... 150 0 5 
Crank pin, diameter ee 120 0 
i le ese — | 0 
Connecting rod, length ... ne ll 5 

i diameter in the 

middle...  ... iia ow. 130 0 5} 
Crosshead guide blocks, length 300 0 114 

” ” width 2x140 2x5} 
Crosshead guide blocks, area, 
840 sq. centimetres=129} sq. in. 
Maximum pressure on that area 

(exclusive of weight of moving 

parts) 2.8 kilo. per 1 sq. centi- 

metre—40 lb. to the sq. in. 

Rear guide block, length ... 190 0 7 
9 99 width mm 0 6% 
Crankshaft, diameter between 

bearings ... os ws .. 280 011 
Crankshaft, diameter of bearings 230 09 
Length of bearings aa «. 360 0 144 
Distance between centres of 

engines ... as ne .. 3800 12 5§ 
Distance between centres of 
Diameter of rope drums... 4000 13 14 
Working width of rim ... . 540 1 9} 
Pressure of steam in boilers 

(effective)* . .. 5 atm. 


Maximum speed of engine, 60 rev. 
Velocity of pistons correspond- 
ing to maximum speed (per 
second) ... a aie 2.8 9 22 
Before describing the shifting valve mechanism of this 
engine we shall give a short account of the second engine 
which is to be erected at the “ Adalberti Shaft’’ for 
winding up and lowering chiefly working materials and 
implements. This engine is smaller and gives motion to 
the drums by gearing. The cylinders are steam jackettedt 
and enclosed in similar cases as those of the first engine. 
Here only one valve is used for each cylinder as usual, 
and motion is imparted to.it by a Stephenson’s link 
motion. The piston is of steel, and so are all moving 
parts of the engine. Some particulars are given in the 
following Table: 


: Millim. Ix. 
Diameter of cylinders ove 280 «ll 
a " 650 7 
Diameter of piston rod 60 2 

2 steam pipe 60 2 

9 exhaust pipe ee 80 3 
Steam peste ro ees. coe! ws SBD ANE 
Area of steam pipe to net piston area 

” exhaust ” ” ” 

”, steam ports oF) ”? 2” ts 
Maximum travel of valye ... .. 44 1} 
Diameter of valve rod... ain . 4 2 

pin, diameter 70 2 
” e je ia 100 Sig 
Crank pin, diameter ... ‘i 80 3f 
Co ewe. length =<. 160063 
mn 4 - 
= diameter in the 
middle... sds is oe a G@® HY 
Guide blocks, length ... ” «. 220 8 
2 width “a .. 2X80 2x3$ 
~ area, 352 sq. centimetres= 54 sq. in. 
pressure on area (ex- 


2.4 kilo. per 1 sq. centimetre=34 Ib. 
to the sq. in. 


* There are old boilers at this shaft. 








ments) must exist to account for such a concluson. 
tT Gooch’s links are used. 





+ The engine is placed above the boilers, and thus the 
steam jacket is constantly drained, all condensing water 


flowing back into the boiler. 
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Millim. In. 
Shaft, diameter between bearings ... 190 7 
at . .. 180 5: 


Length of'bearings ... ..  .. 250 
Distance between centres of engines... 2700 1 


Steam pressure in boilers (effective) pia 8 atm. 

We shall now examine the shifting valve mechanism 
alluded to above. This mechanism is different in the two 
engines, being automatic in the firstand moved by hand in 
the second engine. As this latter method is the simpler 
one, we shall begin therewith, referring to Figs. 4 and 5, 
page 276. The motion of the (Stephenson) link is com- 
municated directly to a strong cylindrical piece B which 
moves in suitable guides O C ; to this piece a short arm D 
is attached which holds the valve rod r. The rod r is free 
to turn in the arm D, whereas its form within the valve 
chest is that shown, somewhat exaggerated, in Fig.6. The 
part p forms an eccentric of 10 millimetres (about j in.) 
eccentricity, whereas the parts m and n (corresponding re- 
spectively with p and r) serve to hold special iron 
pieces (shown in Fig. 4) by which the valve is gripped. 
It will be easily understood that whenever the valve 
rod ris turned by means of the handwheels F H, the valve 
is shifted on its seat in a transverse direction by the 
action of the eccentre p. In order that the engine driver 
may not neglect his duty, the names of the working days 
are engraved on the rim of the wheel F, and the driver 
having to show always the proper day on the top, is 
obliged to turn his wheel every day. The valve is thus 
shifted through 20 millimetres (} in.) in three days or 
about } in. per diem. 

A somewhat more complicated mechanism is employed 
in the larger engine. As has been already said there are two 
Gooch’s links, one actuating the rod R, the other the rod 
R, (Figs.3 and 2). Both links are exactly alike and are 
connected by two crossbars, one of which being attached to 
the upper extremities of the links at a distance of 200 
millimetres (73 in.) from the “dead points,” swings 
through an are equal to the travel of the eccentrics, viz., 
through 80 millimetres (3) in.), and to this crossbar 
the rod gis connected (Fig. 2). Now, to each of the 
valve rods, r, rg, an arm C is keyed, which carries on its 
end a pin? passing freely through an eye in the small 
frame G. This frame hangs simply on the pinsi, 7,, being 
prevented to be moved in a longitudinal direction (viz., 
in the direction of the valve rods) by two fixed collars hh 
which pass between the forked ends of the frame g. In 
a transverse sense, however, motion is imparted to this 
frame by an eccentric s (Fig. 3), this eccentric forming 
part of a short shaft, upon which a wormwheel F is 
keyed. The circumference of the worm D driving this 
wheel forms a ratchet wheel into which a pawl d engages, 
this pawl being actuated by the crossbar, before 
mentioned, through the rod g. 

It will be easily perceived how, by the action of this 
mechanism, the valve rods are slightly turned at each 
revolution of the engine, thus shifting the valves on their 
cylindrical valve seats.* The valve rods rare, of course, 
free to turn in their headpieces, being connected with 
them in the manner shown by Fig. 5. 

The ratchet wheel formed by the circumference of 
the worm D has thirteen teeth, and the worm is thus 
turned one-thirteenth of its circumference at each 
revolution of the engine, or it makes one complete turn 
in thirteen revolutions of the engine. The wormwheel 
F, having twenty teeth, makes half a turn after the 
worm has made ten revolutions, viz., in13 x 10=130 revo- 
lutions of the engine. During this time the eccentric « 
will have moved the frame g through double its ec- 
centricity, viz., through a space of 2 x 15=30 millimetres, 
or about 1}in. Thesame space is of course traversed by 
the pins 7, 7,, and as the length of thearms’C, OC, is 501 
millimetres (equal 5j in.), these arms will have moved 
through an angle w, which is easily calculated from the 
formula : 

® _ 30 
Nn. — SF 
2 2x150 

This angle corresponds to a travel of 26 millimetres, or 
about 1 in. measured on the valve face, and as this takes 
place during the time of 130 revolutions of the engine, 
the valve is (onan average) shifted transversally through 


=0.1, thus ®=11 deg. 29 min. 


the exceedingly small space of oor 0.2 of a millimetre 


at each revolution of the engine. This shifting is going 
on in one direction until the valve has traversed a space 
of 26 millimetres, after which the direction is changed. 
Both of the engines we have described will shortly be at 
work, and then the value of the new arrangement 
will undergo its practical test. Considering the heavy 
losses which may be going on through almost un- 
perceived valve leakage any arrangement that tends to 
insure a tight working of the valves is an improvement, 
and from this point of view these shifting valves area 
matter of interest to all engineers. After they have 
worked long enough to allow of their practical value 
being estimated, we shall present the results attained to 
our readers. We anticipate that these results will be good. 
It remains only to be mentioned that the engines are 


* The valve 





seats are cast-separately, and fitted into 


~ valve chests in order to be replaced should they wear 
ou! 








built in the works of Messrs. Breitfeld, Danek, and Co., 
of Prague, and that the arrangement of the shifting valves 
and some other peculiarities of the distributing gear 
were suggested by Mr. Novak, Conseiller des Mines at 
Pribram, in ordering the engines. 





THE HUELVA PIER. 

Ar the meeting of the Institution of Civil Engineers, 
held on Tuesday, the 2nd of April, Bateman, Presi- 
dent, in the chair, the paper read was on “‘ The Huelva Pier 
- Me a Tinto Railway,” by Mr. T. Gibson, Assoc. 

The cupriferous iron pyrites mines of Rio Tinto, in the 
South of Spain, were very ancient, having been worked by 
the Romans. Their ontput last year amounted to 750,000 


tons. The mines were situated about fifty miles from the | Captain 


Port of Huelva, which port was about twelve miles from 
the bar of the River Odiel. There being no accommodation 
at the port for shipping, the traffic was formerly conveyed 
between the vessels and the beach by es and small craft, 
a mode of shipment manifestly only suited for a small trade. 
It therefore became necessary to provide a cheaper and more 
ene plan of shipping minerals. The banks by the 
side of the river were scarcely 2 ft. above high water, and 
were principally marsh land, the substratum |consisting of 
soft blue clay for more than 80 ft. in depth, and extendi e 
into the bed of the river. When the natural formation o 

the harbour, the depth of water, the rise and fall of the 
tide, and other points had been fully considered, it was 
resolved to construct a pier upon screw piles. Advantage 
was taken of the me in use for the shipment of 
minerals at most of the large shipping ports in England, 
especially those adopted by Mr. Harrison, past-president of 
the Institution of Civil Engineers, at the Tyne ks. 

The important question was, whether the roadway of the 
pier should be a comparatively small height above high 
water, and the wagons be lifted by hydraulic or some other 

wer to an elevation sufficient to admit of the cuntents 

eing tipped into the hold of the vessel; or whether the 
pier should be built upon a rising gradient, so that trains of 


wagons could be pushed up by a locomotive to the height 
nece for the shipment of the ore to be effected by gravi- 
tation. Having re; to the large amount of material to be 
shipped, and to the advisability of being able todo this 


quickly, it was decided to adopt the latter plan, though it 
involved a more costly structure. The pier had been so 
designed that the wagons were run direct to the spouts, and 
required no popes bey leaving the locomotive engine. 
To allow of the ore being shipped at all states of the tide, 
the shipping places were 32 ft. 6 in. above ordinary spring 
tides, and the pier was carried out into such a depth of 
water, that the loading of a light vessel could be begun at 
the top of the tide, and be continued when the tide was at 
its lowest. Another advantage of this plan was the possi- 
bility of providing a lower deck for the ordinary traflic of 
the i especially for that which which will be brought to 
it when the Seville and Huelva Railway was ccmpleted. 
The total length of the pier and of the approach from the 
station yard was 2444 ft. The screw pile portion was 
1900 ft. long. This distance|was made up of twenty-nine spans 
of 50 ft. each, and thirty groups of cast-iron screw piles and 
columns, eight in each group, placed 15 ft. apart from centre 
to centre. The pier-head, alongside which the ships were 
moored, was protected by the shipping deck wharf. This 
wharf was independent of the cast-iron piling, and was 
composed of creosoted redwood Memel fenders, supported 
by creosoted Memel piles, cross bearers, transomes, and 
longitudinal walings. The face of the wharf opposite to 
each spout was close-sheeted with timbers, measuring 12 in. 
by 6in., for a distance of 50 ft., the remaining portion being 
gee by vertical fenders placed at intervals of 3 ft. 
rom centre to centre. The depth at low water spring tides 
at this wharf was 15 ft. There were three floors at diffe- 
rent levels throughout the —- of the pier, and upon 
these were laid seven lines of rails. These floors were 
carried upon wrought-iron lattice girders 4ft. deep, and 
were supported by the screw piles and columns. The cast- 
iron hollow screw piles were 16 in. in diameter, and the 
lowest length of the pile shaft was fitted with screw blades 
5 ft. in diameter, and having a pitch of 6 in. The princi 
oe the want of solidity of the foundation, which 
proved to be worse than was at first anticipated. With two 
series of lines, one above the other, a greater load had to 
be borne than if the re had simply to carry the work of the 
mines. It was found that the screw piles alone would not 
ive sufficient area of base unless considerable expense was 
incurred in construction. It was therefore decided to provide 
additional or es | surface by the introduction of timber 
platforms fastened to the piles by cast-iron discs, which 
clamped the respective piles below a collar cast specially 
upon the pile shaft, so as to rest upon the disc. In this 
way the load on the pier was transmitted through the 
columns, piles, and discs to the platforms, which rested on 
the bed of the river. The platforms at the shore end 
were weighted to 300 tons, and those in the deep-water 
section to 500 tons. When the loaded platforms ceased to 


sink, a diver was sent down to fix the discs forming the | ¢ 


connexion between the piles and the platforms, and the load 
~~ Maing ay Nn adi 
ere were four sets ipping spouts, two on each side 
of the pier-head, tinea mt 5 2 meet the ing levels of 
the water, and the different heights of waani. Each set 
of spouts had four fixed divisions, the shoots being raised or 
lowered to any one of these divisions by side chains working 
in sheaves on a cross-bar spindle under the inner end. The 
shoot was adjusted to an inclination of 1 to 1, as a steeper 
ngle caused a too rapid descent of the ore, while the ore 
did not. readily clear itself from the spout if the angle was 
flatter. The quadrant and pinion with hand-gear, fitted 
to the derrick frame, for moving the spout horizontally 
over the ship’s hold, were most useful in trimming the ship 
during the operation of loading. The first-floor shipping 





deck was furnished with one 15-ton hand-power crane, and 
one 3-ton travelling steam crane. 

Mooring buoys were arranged round the pier head, in the 
fairway of the river, so that vessels lay moored fore and aft 
in line with the set of the tide, at a distance of 300 ft. from 
the shipping deck wharf. and eye-bolt rings were 
fastened at intervals of 65 ft. to the wharf, to which the 
vessels were moored i 


the tier in its berth ready to be loaded. 





NOTES FROM THE SOUTH-WEST. 
Pembroke Dockyard.—The steel despatch vessel Mer- 
cury, now building; at Pembroke Dockyard, will be launched 
on the 17th of May. Miss De Graves, sister-in-law of 
in Parkin, R.N., superintendent of the yard, is ex- 
pected to christen the ship. 


The Eurydice.—As some doubt seems to exist as to the 
designer of the ill-fated Eurydice, it may be desirable to 
state that the Eurydice and Spartan, both 26-gun frigates, 
were built in 1841 as experimental ships, the former of 918 
and the latter of 921 tons. The former was designed b: 
the late Admiral Elliot, father of the present admiral, who 
has just vacated the post of Commander-in-Chief at Ports- 
mouth ; and the latter was designed by the late Sir W. 
Symonds, Controller of the Navy, father of the present 
ame aise Admiral Sir 8. Symonds, at n- 
port. 

The Dockyards.—The following are the probable changes 
and appointments which will e consequent upon 
the decease of Mr. A. Moore, late Chief Constructor of 
Devonport eens Either Mr. F. Martin, Chief Con- 
structor of Pembroke Dockyard, or Mr. Sturdee, Chief 
Constructor of Sheerness Dockyard, will be transferred to 
Devonport Dock: ; and Mr. J. Angear, at present Chief 
Constructor at ta Dockyard, and who has been there 
about five and a half years, will return to England, vice 
Meta Ce aa oe oe ae 

e ns' r, vice Angear, 
to Malta Dockyard. 


Avonside Engine Company (Limited).—The fourteenth 
ordinary toon meeting of this company was held on 
Tuesday, Mr. J. L. Stot' presiding. The chai 


. said 

there during the past year a total loss of 11,5001., 
mainly resulting from losses on contracts. The loss arose 
principally upon three contracts which the company had 
unfortunately entered into, and which had caused a loss 
of no less than 10,0007. ; more than half had resulted from 
one single contract. He had an impression that the loss to 
a large extent occurred through the ——- not having 
a shop manager, and also from the fact that they did not 
get out of their men, and had not got out of them for some 
time past, the same amount of work as was obtained from 
men employed in similar undertakings. As soon as he be- 
came the ‘holes an of the company he stopped all outlay on 
improvements, and he found that financially they were in 
a very good position. A large portion of their loss had 
occurred through their inability to get orders. Last year, 
instead of turning over 140,000l. worth of work, they only 
turned over 95,0001., and the percentage of management 
charges, salaries, coals, &c., was really about the same in 
both cases. He moved the adoption of the report and 
accounts. Mr. Slaughter proceeded-to criticise the manage- 
ment in detail, and contended that the policy of the 
and directors had been altogether wrong, for while they 
had expended large sums, they had not increased their pro- 
ducing powers by a single engine. He moved the followi 
amendment :—‘‘ That considering the serious diminution o' 
the company’s capital by the losses and additional outlay 
shown in the balance-sheet now before the meeting, the 
directors be restrained from making any further expenditure 
on capital account without the sanction of the shareholders 
previously obtained at a special meeting summoned for the 

urpose.” This was seconded by the Rev. Mr. Palmer, 
but was afterwards withdrawn, on the chairman saying that 
since October no capital had been expended on building, 
and that he now personally saw every estimate that was 
given in, whereas previously some of the contracts did not 
come before the directors at all. The and accounts 
were adopted ; and on the motion of the chai , seconded 
by Mr. C. J. Thomas, Messrs. W. Bevan and Henry 

reening were re-elected directors. The manager (Mr. 
Wilson), in reply to questions, said that the principal loss 
was‘on a contract with the Midland Railway Som and 
this loss arose because they tendered for one thing, and the 
engineer of the railway company afterwards gave them de- 
tailed drawings which required them to make another. 
The detailed wings did not come into hand all at one 
time, so that he could see what it was they were called 
upon to make. Mr. C. Hill said it appeared to him that 
the directors had only two courses open to them, either to 
close the works altogether or to make some change in the 
management, 


Landore Steel Works.—Considerable anxiety was shown 
in reference to the coursé which the Landore Siemens Steel 
ompany would at the expiration of notices given 
on Saturday, and there was again rumours that the works 
would be closed. These apprehensions were, however, not 
realised. The company are about to appoint a new 
manager in the place of Mr. Riley, who has left for the 
- We are informed, too, that the giving 
of notice to terminate contracts was only a precautionary 
measure, the company fearing a refusal on the of the 
men to submit to a reduction in wages, and there being, at 
the same time, a scarcity of orders. With regard to the 
reduction, the men have submitted without a murmur. — 


AvusTRIAN Rarts—It a that last year Austria ex- 
ported rather more than 12,000 tons of rails. The imports 





- rails into Austria in 1877 only amounted to about 400 
ms. 
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STEAMSHIP “EDITH,”’ IN HOLYHEAD HARBOUR. 
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RAISING THE STEAMSHIP “ EDITH.” 


On the Appliances and Operations for Raising the Wreck 
Edith at Holyhead.* 
By Mr. Lawrence M. Korrarieat, of London. 

Tue author proposes in the following pap:2r to lay before 
the Institution a description of the apparatus employed 
for the recovery of the steamship Edith, and an account of 
the operations. 

The dle-steamer Edith (see Figs. 1, 2, 3, and 4), 
owned by the London and North-Western Railway Com- 
pany, was run into on the starboard bow by a sister 
ship belonging to the same company and sunk in Holy- 

d Harbour on September 8th, 1875. The cut extended 
— to the keel. Various attempts having pre- 
y 





viously been made to raise her, both by sub-con- 








of ‘Paper read before the Institution of Mechanical Engi- 
neers. 

















tractors and by the company itself, the operations which 
will now be described were commenced in the middle of the 
ear 1876. Aftera delay of 18 months, principally caused 
y bad weather and other untoward circumstances, the 
ship was raised and brought into shallow water in the 
beginning of December, 1877. 

The depth of water in which the Edith was sunk was 
36 ft. at low water equinoctial spring tide. The wreck lay 
in the fairway of shipping entering and leaving the Old 
Harbour, and in rough weather was a source of danger to 
these vessels as well as to any ship which might happen to 
be anchored to windward of her. The exposed position in 
which she lay made all work with a view to removing her 
extremely difficult. 

In order, if possible, to be able to form an approximate 
estimate of the proportion of suitable weather that might 
be expected during which it would be possible to on 
any work at the wreck, the whole of the records of the 
Meteorological Office relating to Holyhead for the pre- 
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ceding five years were graphically plotted ; but subsequent Weights Weights 
events unfortunately proved that weather such as that | when Afloat. when Submerged. 
experienced in 1877 not occurred for a period of eight Tons. Tons. 
years. 10 Coal gone overboard ... és «» 000 
Weightt of the Wreck when Submerged. oe ee ee 
It was necessary, before proceeding with the design of 18 Tea ee i id 10 - 
the lifting apparatus, to ascertain as accurately as pos- 4 Boats (removed) 3 0 shed 
sible the weight to be lifted. The ship drew, before the 6 Two funnels (removed) oe 0 
— baw in. of water ee ato ry ft. TY, i - 4 Chains, capstans, &c. (removed) ... 0 
&® mean draught on an even . 9 in. i is 130 Timber tak t ifi ity of SPB pr Mere le Sais 
draught it was found by means of cross sections (see Fig. 5) eee a ae ie ee Strength of the Ship caleulated as a Girder: 
that the ship displaced a mass of water equal to 1180 tons, 966 sen tn tall ad eoathen: sti | The submerged weight of the ship and cargo being 
this was accordingly taken as the weight of the ship pa ha ee Sen Serres found, the next step was to ascertain if the ship was 
when afloat. The relative weights of the okt and cargo as less for displacement is equal to 785 strong enough in the centre to be lifted in the way proposed. 
afloat and as now submerged were 1180 and 804 tons ; thus oe oe The dle boxes and sponsons prevented the continuous 
there was a total of about 800 tons to be lifted. 1180 804 a ion of the lifting power, and it had therefore to be 
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ied towards each end (see Fig. 6, 280) at a mean 
of 86.5 ft. from the centre of the » giving 
a total distance of 173 ft. between the centres of onuper. 
dimensions of the Edith were—length 250 ft., depth 
25 ft., beam 30 ft. ; gross regi , 891 tons, and 
i 's measurement, 1110 tons. : 
Each side of the ship was taken as a separate girder, 
having a theoretic depth of 15ft. 3in., this depth being 
arrived at by assuming that the three intermediate 
strakes of plates for a depth of about 11 ft. equidistant 
from deck and keel constituted the web, and that all 
material above this formed the top flange and all below it 
the bottom ; and then taking the distance a of 
the centres of vity of the material forming the two 
flanges asthe theoretic of the girder (see Fig. 7). 
The total sectional area of the top was 127 square 
inches, and that of the bottom —* 105 square inches.* 
The weight of the ship (800 tons) was assumed to be dis- 
tributed as follows : 
200 tons engines at centre. 
150 tons boilers, two sets each, 28 from centre. 
450 tons hull, two halves, each 47 from centre. 
The 47 ft. is the distance between the centre of the ship 
and the centre of gravity of the displacement of half the 
ship. The downward moments round the centre are : 





foot tons. 
ines 200 tons by 0 ft. ... ” 
Baie 75 tons by 28 ft. ... 2,100 
Hull 225 tons by 47 ft. 10,575 
Giving a total downward moment of 12,675 


Now, to lift this weight of 800 tons, an upward power of 
equal magnitude would be necessary, therefore each of the 
two proposed cradles would have to exert a power of 400 
tons, and 400 tons multiplied by 86.5 ft., the distance of 
the centre of the cradle from the centre of the ship, will give 
an upward moment of 34,600 tons at the centre of the ship ; 
and the resultant moment will be the difference between 
the upward and the downward moments, or 34,600—12,675, 
equal to 21,925 tons excess upward moment. 


As previous calculation has shown the theoretic depth of P 


irders to be 15 ft. 3 in., therefore 21,925 tons divided 

y 15 ft. 3in. will give the total stress on the flanges, 
to 1438 tons, or 719 tons on each of the two girders, into 
which the sides of the ship were resolved. Now, the top 
flange has been found to have an area of 127 square inches, 
and the bottom fla a net area of 105 square inches. 
Therefore, 719 divided by 127 will give the unit stress in 
the top flange, equal to a compressive stress of 5.6 tons 
per square inch ; and 719 divided by 105 will give a tensile 
stress per square inch of 6.8 tons in the bottom flange. 


Description of the Lifting Apparatus. 

The lifting apparatus eonmiated of four large iron 
caissons (see Figs. 8 to 13 of our two-page engraving), 
each about 59 ft. in length by 15 ft. wide, and 15 ft. deep, 
with three bulkheads in each, extending from side to side, 
and dividing the caisson into four com ments, the 
two end compartments being each about 12 ft. in length, 
and the two centre ones about 17 ft. 6 in. The caissons 
were stayed inside with timber, the arrangement of which 
will be described later. Each caisson was constructed of 
# in. plate, the sides, top, and bottom consisting of 19 
or 3 ft. 1g in. wide by 15 ft. high and two plates 1 ft. 

1} in. wide. The plates were rivetted to angle irons 3 in. 
by 3 in. by } in. with } in. rivets 24 in. pitch. 

h pair of caissons was kept rigidly apart, at a distance 
of 32 ft. 6) in. from each other, by 11 wrought-iron girders, 
62 ft. long and 5 ft deep, spaced at 5 ft. 10 in. centres, and 
bolted to the tops of the caissons at each end by 22}-in. 
bolts and two 1-in. bolts. The five forward girders of the 
bow cradle were plate girders. The 11 girders of the stern 
cradle and the remaining six of the bow were plate for a 
distance of 18 ft. at either end, the middle part being of 
— a 2 nein 

mn top of the girders, running in a line with and 
vertically over the sides of the ship, were four 12-in. by 
12-in. balks of timber, each pair being 18in. apart. On 
top of these balks, midway between each girder, and 
directly above the respective points of attachment in the 
ship’s side, were on either caisson —— wrought-iron 
Rent These pillars (seo Figs. 14 to 16) were 9 ft. in 
ight with a base 3 ft. square, tapering to 18 in. square 
at the top. The pillars were constru of four angle 
iron bars, d together by lattice work. At the 
top and bottom of each pillar were castings of the forms 
shown in Figs. 17 to 20—the ay ony receiving the weight 
borne by the screw, and the bottom casting serving as a 
guide to the wire rope attachment. 


* The items forming the top flange are as follows, viz. : 





Timber pe of main deck, 270 square sq. in. 
inches, equivalent to iron to ote «. Sdl 
Stringer plates, 54 in. by 1% in. «. 980.4 
Beam tie 12 in. by } in. ae 6.0 
Angle iron 3 in. by 3 in. by } in. 2.1 
» Sim. by 4in. by yy in. 4.8 
Shear strake 45 in. by § in. ... 28.1 
Doubling strake 45 in. by } in. 22.5 
Giving an area in top S mm . 127.0 
The items forming the bottom are: 
Half keel Gin. by 2hin. eve » OF 
Half keelson 29 in. 4h a a. Wa 
Three angle irons 5 in. by 4in. by yy in’... 14.40 
Plate (garboard) 45in. by gin.  ... +. 28.10 
»» 3 (n°) by 45 in. by fy in. 75.88 
» (bilge) 20 in. by + in.... 11.25 


gS 
- | RR 


Giving a total area of ... we on 2 
Deduct from this 25 per cent. for rivets ... 


Leaving a total net area in bottom flange of 1 


& 





In each pillar was a vertical screw 3} in. in diameter and 


7 ft. in length, with the lower end forged into a hook (see 
Fig. 21). screws were worked by means of nuts on 
the top ing, turned by wrought-iron spanners an 
capstan heads (see Figs. and 23). Each of the screw- 


hooks had a key-way cut in it, into which a key in the top 
casting worked, preventing the screw from turning round. 

About 2 ft. 6 in. from the tops of the pillars were angle 
iron lugs, on which timber platforms were , running 
fore and aft, and from which the screws were worked. 

The attachments to the ship’s sides were made by means 
of 39 steel wire ropes, of a length varying between 16 ft. 
and 22 ft., having a hook at one end and an eye at the 
other, and by one 1} in. chain cable; twenty of the wire 
ropes were used for the stern cradle, and nineteen wire 
ropes and the chain for the bow cradle. In order to make 
the attachment to the ship’s sides, holes 5 in. in diameter 
were cut in the sides of the ship by means of a diver, exeept 
where side-lights conveniently occurred—two of these holes 
were cut for the forward attachments, and fourteen for the 
after attachments, side-lights being made use of for the re- 
maining thirteen. The holes were cut in the strake of 
plates just under the doubling plate of the ship. The hooks 
at the ends of the wire ropes were securely wedged into 
these holes by divers. ‘The use of the chain above men- 
tioned was necessitated by the aw of yee a 
hook to that part of the ship which had been cut into when 
the collision occurred by which the ship was sunk. ’ 

The pumping was effected by means of two 10-in. centri- 
fugal pumping engines, one to each c The engines 
were originally placed on one of the caissons, in a box 
formed for the purpose, between two of the central girders, 
the box being covered over at the top by plates rivetted to 
the top flanges. Communication to each engine was 
eff by means of a trunk rivetted to the top of the engine- 
box and reaching up to the top platform. Each of the two 
boxes was separated by a bulkhead from a smaller compart- 
ment acting asasump. A hole 10 in. in diameter was cut in 
the bulkhead and the joint of the suction flange of the pump 
made over it. Communication between the sump and the 
four compartments of the caisson on which the engine was 
laced was made by four independent lines of 4-in. wrought- 
iron piping, the water from each of the lines of piping 
having to pass through a sluice valve before entering the 
sump. These sluice valves were og by means of 
handles reaching up to the top platform, and thus com- 
munication between any of the compartments and the 
pumps could be closed if required. 

A similar ment of piping existed on the other 
caisson of the cradle, communicating with an independent 
sump, and regulated by a similar system of sluice valves. 
The two sumps were ted together by a line of 8 in. 
wrought-iron piping. Foot valves were placed at the 
bottom ends of the pipes in each compartment. The pipes 
were screwed where they passed through the top plates of 
the caissons, and the joints made by lock nuts on each 
side of the plate. 

In order to sink the cradles, a 3-in. brass cock (see Fig. 28, 
page 281) was placed in the bottom of each compartment and 
was opened and closed by a handle reaching to the top plat- 
form, the handle passing through a casing pipe, the joint of 
which with the top plate was madein a similar manner to that 
already described for the suction pipes. The casing pipe was 
left open to the atmosphere at the top so as to admit air to 
the caissons when the water was being pumped out. Sluice 
valves were placed in each of the bulkheads of the caissons, 
worked from the top by handles passing through stuffing- 
boxes. By means of these valves a through communica- 
tion could be obtained if necessary. 

In addition to these centrifugals, one 6 in. hand pump 
was fitted on to each compartment, to be used in case of 
emergency. The boilers for supplyin steam to the engines 
were placed in moored alongside the cradles ; steam 
being taken from them to the engines by means of flexible 
hose. The exhaust was similarly returned to the chimney, as 
this was necessary to keep up the requisite draught. 

Pressure of Water on the Caissons and Arrangement of 
Timber Staying to Resist Collapse (see Figs. 29, 30, 
31, and 32, page 281.)—The maximum pressure to which 
the caissons would be subjected when sunk in position 
over the wreck and the water pumped out, was 
assumed to be that caused by a head of water of 42 ft. 
This was of course taking the extreme case of an equinoctial 
spring tide with a range of tide of 20 ft., when the bottoms 
of the caissons would be subjected to the pressure of this 
head of water. The pressure at the top and bottom of the 
caisson with a 42ft. head of water was found to be re- 
spectively about 12 Ib. and 19 Ib. on the square inch. 

The bottom series of staying consisted of eight longi- 
tudinal timber bearers 9in. by 3 in. scantling spaced at 
1 ft. 5} in. centres and two longitudinal timbers 9 in. by 
4} in. scantling spaced at 6} in. centres, the latter i 
down the centre. These were found cient to resist 
the tendency of the plates to buckle. This system 
of bearers was continued round sides, ends, bulkheads, 
and top, a greater distance being allowed between 
the bearers as the pressure of water decreased from 
the bottom to the top. 

The two 9 in. by 4} in. timbers, running longitudinally 
along the top and bottom, were connected together by cross 
bracing so as to form a girder, with the design of strengthen- 
ing the caisson longitudinally should it be required to lift it 
by the centre when launching, or should any unequal distri- 
bution of the load occur when screwing it down to the ship. 
Frames were placed under the centre of each girder wi 
the object of transmitting the upward thrust to the girders, 
and also to act as abutments for the longitudinal bearers. 
There were two systems of frames nearly similar in. con- 
struction, the principal difference being two were em- 
ployed of half the thickness of the others where the bulk- 

eads occurred, one small one being on each side of 
the bulkhead. In addition to the timber staying above 
mentioned there were in each compartment two vertical 
jron bolts 1 in. in diameter in order to transmit the tensile 











stress should this longitudinal system of bracing be called 
on to act as a girder. 
tions at the Wreck-——At the end of October, 1876, 


d | the cradles were taken out to the wreck. The bow 


cradle was first got into position over the ship, and was 
sunk. Itsank evenly till the water was level with the top 
of the caissons, when it canted first on one side and then 
on the other, and finally settled down in place. The eyes 
of the wire ropes were then handed up by divers, and some 
of them passed over the screw hooks. The ther now 
becoming rough the stern cradle was brought into 
harbour. The next day pos too rough to sink the stern 
cradle the time was employed “‘-—3r up the remaining 
eyes of the wire ropes of the bow colle and screwing 
down. On the following day the weather was too bad to 
allow of any operations being carried on, and about three 
o’clock the next morning the St. Patrick, carrying the 
Irish mails, ran into the bow cradle and sat down on it for 
about half an hour, entirely smashing the structure. The 
whole of the time up to the middle of July, 1877, was em- 
> in raising the débris and rebuilding the cradle. 

he violent gales experienced during the winter rendered 
it advisable to stiffen the cradles by the addition of diagonal 
and horizontal cross bracing between the girders. 

On the 12th of July, 1877, the cradles were again taken 
out to the wreck, and sunk to within a foot from the tops 
of the caissons, it not being considered expedient to en- 
tirely oy 2 them, as the working of the plates caused 
considerable leakage through the bolt holes at the top. 
Pumping operations were commenced as soon as an even 
strain had been = to bear on the attachments by the 
screws. About half the water had been pumped out of the 
caissons when the ship was slightly canted to port; this 
was caused, it was supposed, by seaweed or other matter 
partially closing some of the foot valves of the port caissons, 
thus allowing the water to be drawn more rapidly out of 
the caissons on the starboard side of the ship than out of 
those on the port. The tide rising rapidly at this time the 
water leaked through the engine ben to such an extent as 
to stop the pumping engine. Further operations were 
therefore deferred till the Siodies day. 

Unfortunately during the night a steam-tug going past at 
fall speed brought an unexpected strain to r on the 
attachments, and caused the starboard ones to give way, 
the cradle canting over to port, and the starboard caissons 
getting on the top of the deck. The bow cradle was 

umped out and brought into harbour, and was found to 

ave sustained but little et The caissons of the stern 
cradle were too much damaged to be pumped out, they were 
therefore lifted and brought into harbour by means of ten 
water-tight timber boxes rafted together. It was not until 
the 4th of December that the les were able to be taken 
out again to the wreck, the bad weather having caused great 
delay. The difficulty experienced in making the engine-box 
water-tight over ma | it advisable to remove the pumping 
engine, and place it on a timber platform erected for the 
purpose on top of the cross girders. This arrangement was 
ae carried into effect. It was also found that by 
placing the pumping engine in a central position between 
the two caissons an equal discharge of water from each of 
the two caissons could be*obtained. 

On the morning of the 4th of December, the cradles 
were again got into position (see Figs. 33, 34, and 35, page 
281) over the wreck, and sunk till they drew 7 ft. of 
water ; the wire ropes, each of which had been lengthened 
by the addition of two steel wire strops, 4 ft. in length, 
were then handed up by the divers, and the eyes passed 
over the screw hooks and an equal strain on each attach- 
ment obtained. The water was then pumped out, and as the 
tide rose the ship floated, the cradle having about 4 ft. free- 

. By the aid of a steam-tug, the wreck was brought 
to within half a cable’s length of the Mail Jetty. The cra- 
dles were then removed, and the weather again proving 
bad, a bp not —_ = = 8th, when, after 
sinking -, and pumping out, the ship was again li 
and brought further A shore. As the tide fell, the slack of 
the wire ropes was taken in, and the cradles sunk till they 
rested on the deck, and as the ship rose she was brought 
by means of a crab winch on the shore (there being no room 
for a tug to get between her and the beach) into the position 
she now occupies. a 

ia. 


A 
One of the hooks of the wire-rope attachments was 
tested in connexion with a portion of the plating and angle 
irons, so rivetted together as to represent in age respect 
a fac-simile of as ee of the ship’s side to which the 
attachments were le (see Figs. 25, 26, and 27 of our two- 


page engraving). These tests were seven in number, and 
gave the follo results : : 
No. 1. With 36 tons stress, the hook sheared out a piece 


of the plate shaped like a crescent, having a depth 2 in. 
at its broadest ~ 

Nos. 2, 3, 4. In each of these tests the hook sheared out 
a piece of the plate, exactly similar in shape and size to the 
previous one, and with a as before of 36 tons. 

No. 5. The result of this test was similar to those ob- 
tained before with regard to the shape and size of the picee 
sheared out, the stress in this instance amoun to 37 tons. 

No. 6. The shearing out of the pieces in the previous 
tests had brought the Look to within one inch of the lap of 
the plates, and at this test the plate gave way with 40 tons 
Topth of cus taah at bas browdleat part sioner ig 
a de one a . 

No. 7. In this test the hook bore against the lap of the 
plates, the hook itself with a stress of 50 tons. 

The low result obtained in No. 7 was caused by the 
hook getting in the testing machine and being con- 


woe Fe to an uneven strain. 
“One the at the bottom end of the screws was 
also tested, the being 

With 30 tons stress the 


as follows : 

ing across the jaw of the 

Bee eee tera nen, tke openiog chill farther increased 
to 10.06 in-, and with 66.8 tons stress the hook broke. 
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RAISING THE PADDLE STEAMSH]p 
MR. DRUITT HapprN 
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[SHIP “EDITH:” DETAILS OF CAISSONS. 


T HALPIN, ENGINEER, LONDON. 


Description, see Pag? 280.) 
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NOTICES OF MEETINGS. 

THE INSTITUTION or CIVIL ENGINEERS.—Tuesday, April 16, at 
8 p.m. Discussion on “ Embankments of the Thames,” and, time 

rmitting, “The Ravi, the Chenab, and the Jhelum Bridges, 

. N. 8. way,” by Messrs, Mallet, Lambert, and Avern. 

THE METEOROLOGICAL SOCIBTY.—Wednesday, the 17th inst., 
at 7 p.m., at the Institation of Civil eers, 25, Great Geo: 
street, Westminster, the discussion on ‘“‘ Waterspouts and Glo rv 
Lightning” will be resumed, and the following papers will be read, 
“On the Application of Harmonic Analysis to the reduction of 
Meteorological. Observations, and on the General Methods of 
re er by the Hon. Ralph Abercromby, F.M.S.; *‘On some 
Peculiarities in the Migration of Birds in the Autumn and Winter 
of 1877-78,” by John Cordeaux, B.A. 
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THE GREAT EASTERN RAILWAY. 


As we predicted in our comments on the notices 
of intended applications to Parliament for the 
present session, this has been the only Railway Bill 
upon which any important contest has-arisen. It 
has occupied a Committee of the House of Commons, 
and given employment to thirty-one learned friends 
(counting the opposing counsel by the petitions they 
represented) for twenty-four days. Ithasinvolved 
the attendance of 171 persons as witnesses, and has 
evoked for the edification of modern practitioners a 
momentary glimpse of what old times used to be in 
their palmiest days as regards Parliamentary private 
business. - The result is a compromise, upon terms 
suggested by Mr. Fowler, engineer-in-chief of the 
—— Northern Railway, and adopted by the Com. 
ml le 

Of the 171 persons who figured as witnesses, 95 
were for and 76 against the Bill. Mr. Parkes, the 
chairman of the company, opened the ball; he 
appears to have had his present honours thrust upon 
him at the instance of Lord Salisbury, principally for 
the purpose of undertaking the construction ob the 
company’s metropolitan lines, he having previously 
been meinly instrumental in relieving the company 
of its difficulties, and introducing an improved mode 
of dealing with its finances, He gave a general 
history of the company, its amalgamations, negotia- 


tions, and dealings with other companies, and its 
sources of revenue, with occasional ions into 
matters calculated to pink up the case in its brightest 
colours, for these expert witnesses never lose a 
chance of this kind, notwithstanding the previous 
elaborate efforts of counsel in the same direction, 
He next laid bare the company’spresent financial con- 
dition, which he made appear to be more flourishin 
than outsiders have generally imagined, and woun 
up by saying his company has such large funds, and 
assets in hand, which they could pg Age oye 
and permanently to any new work of this kind, that 
he believed they could make the line from Spalding 
to Lincoln without going to the public for a single 
enny. 

The gist of Mr, Parkes’s evidence wag intended 
to show that whatever advantages might arise to his 
company from amalgamation or other arrangement 
with the Great Northern, the Great Eastern Com- 
pany would do much better for themselves and the 
public by having the through route from their 
own system to the lines north of Doncaster entirely 
in their own hands, although to attain this involved 
the construction of the proposed 130 miles of railway 
at an estimated cost of 2,260,000/. 

Such of the twenty-seven learned friends re- 
presenting petitioners as had got anything smart to 
say then tackled the witness in turn, and his cross- 
examination lasted nearly two days. The efforts of 
opposing counsel were mainly directed to matters 
arising under existing agreements, and the Great 
Northern Company argued (according to esta- 
blished custom) that whatever was proposed to be 
done under the Bill could be better effected by 
utilising existing systems with slight modifications, 
which latter included the line ~ en for by that 
company’s Spalding to Lincoln Bill. The preference 
shareholders attacked Mr. Parkes upon his peculiar 
notions of meum et tuum in proposing to appropriate 
money in hand towards the new undertaking. 

The chairman of the company was followed by 
local magnates, including several members of Parlia- 
ment, then came coalowners and professional 
witnesses, but the most prominent feature of the 
whole case for the promoters was furnished by Mr. 
Robert Baxter, who acted as solicitor for the com- 
pany. Mr. Baxter told his story in the amphibious 
character of half coalowner, half lawyer, and spoke 
to the following effect : 

He has been a coalowner for twenty years, and 
has made the development of the coal trade through 
railway agency his peculiar study. The Great 
Northern Railway. was the second trunk line between 
London and the North, and it was said at the time 
of its promotion that the then existing railwa: 
interest would be ruined if such a Bill was le 
He also promoted the Bill by which the South 
Yorkshire coalfield was first opened up. He and 
the then manager of the Great Northern Railway 
(Mr. Seymour Clarke) were the first to introduce 
coal into London by railway, the silkstone being the 
original kind of coal brought up. The South York- 
shire coalfield now produces between 8,000,000 tons 
and 9,000,000 tons annually, and could raise con- 
siderably more from the existing pits, In another 
—_ with the pits now sinking, the yield will pro- 

bly be 15,000,000 tons. e South Yorkshire 
coalfield district extends over 240 square miles. 
South Yorkshire steam coal is superior to Durham, 
and more suitable for exportation than Welsh coal, 
but the import into London is at present discouraged 
by the rates, and instead of increasing has fallen off. 

e has traced the progress of the Great Northern 
coal traffic into London from the opening of the 
line to the present time. It began at 5000 tonsa 
year, increased in sixteen years to a million tons, 
and had decreased in 1877 to 905,000 tons, the 
supply being discouraged by the system of rates. 
Having taken so active a part in first introducing 
coal into London by railway, Mr. Baxter has compiled 
tables upon the progress of the trade which show 
that in 1862 the total import into London by rail- 
way from every source was about a million and a half 
tons; the total import last year was in round numbers 
five millions and a quarter. Previously to the con- 
struction of the Great Northern Railway, London 
was practically wholly supplied with coal by sea, and 
the total imports were 3,500,000 tons, of which 
100,000 tons must be deducted as being brought by 
canal, Last year the imports by sea were 3,170,000 
tons, thus showing a slight falling off. Out of the 
8,600,000 tons now supplied to London, about 
2,000,000 tons pass through to the south, so that 
the consumption in London amounts to 6,600,000 





tons. The relative quantities of coal brought into 





London by railway are as follows: The London and 
North-Western 1,261,000 tons, the Great Northern 
900,000 tons, the Midland 1,600,000 tons, the Great 
Eastern 589,000 tons, and the Great Western 891,000 
tons, making a total of 5,233,618 tons for last year. 
Taking his data seven years back, the North- 
Western brought 823,000 tons, the Great Northern 
961,000 tons, the Midland 902,000 tons, the Great 
Eastern 477,000 tons, and the Great Western 
460,000 tons. The increase therefore has been to 
the North-Western and Midland, while the Great 
Northern has declined. In 1870 the total quantity 
brought into London by railway, sea, and canal was 
8,000,000 tons. His tables show an average increase 
of consumption of coal in London of 200,000 tons a 
year, which increase has all been in the railway car- 
riage. For many 
introduction the price of coal fell from about 30s. to 
20s. per ton, which, taken at 8s, per ton upon 
6,000,000, would give a saving 2,400,000/, a year to 
London alone, exclusive of the 2,000,000 which 
passes through. But prices have since risen; he 
takes the present rate at from 23s. to 25s. per ton, 
and should not put the saving higher than from 3s, 
to 4s.; but if it not been for the introduction of 
railway coal the increased consumption, or rather 
demand, would naturally have raised the price much 
more—so that it may be taken that London benefits 
by a saving of about 1,000,000/. by the introduc- 
tion of colt by railway. The principal sources of 
coal supply at present are North Derbyshire, South 
Yorkshire, and Durham. Other coal comes from 
Wales by the Great Western and Midland, and 
Lancashire coal comes in by the North-Western, 
but an active competition is _— up from all 
sides of the country for the London market, thus 
lowering the rate and benefiting the public. The 
distance of transit varies ; us the Durham 
ver are from 240 to 260 miles ; the South Yorkshire, 
m 160 to 170; the Warwick and Leicester, 
100; and Derbyshire, about 140 miles. So that 
there is from 140 to 160 miles difference in distance 
between the Durham and Derbyshire coal pits and 
London, With respect to rates, the railway companies 
had a meeting in 1868, and passed a resolution among 
themselves upon the principle ‘‘ that the rate for the 
shorter distances should fixed as high as the 
trade would fairly bear, and that those from the 
more distant collieries should be based on such a 
proportionately lower scale as will allow of a 
reasonably fair competition, considering all the cir- 
cumstances of the various cases ;” which he considers 
a sound policy both as regards the railways and the 
public—otherwise the long-distance coal would be 
shut out of the London market altogether. This 
policy has been acted upon ever since, and has 
brought about such a state of things that coal coming 
240 miles can now compete with that coming onl 
140 miles. The sea is a formidable competitor wi 
the railway in Durham coal, having reduced the ‘cost 
of carriage from 8s. 6d, to 5s. 6d,, and under certain 
circumstances to 4s. 6d. fap ton, through the inven- 
tion of steam colliers, A differential rate of 8d. per 
ton still exists t the South Yorkshire coal com- 
with the Derbyshire on the Great Northern 
ine, which tells against the South Yorkshire in this 
way, that their increase between 1865 and 1877 is 


only 50 per cent., whereas the Derbyshire supply has 


doubled. The first quality Derby coal is about 
equal to the South Yorkshire, the second quality is 
inferior. If the rate were fair the power of produc- 
tion in the South Yorkshire district is quite enough 
to supply 5,000,000 tons to the London market. 

When the Great Northern line was passed the 
ee alone one a peer and took 
up the Mi traffic at Rugby. e gross receipts 
upon the three trunk lines now running between 
London and the North have increased in the fol- 
lowing proportions:—The North-Western from 
3,238,000/. in 1857 to 9,255,000/. in 1877 ; the Mid- 
land from 1,731,000/. to 6,295,000/. ; and the Great 
Northern from 1,243,000/. to a little over 3,000,000/. 
between the same dates, notwithstanding all the 
gloomy forebodings to the contrary. 

In aid of the Bill Mr. Baxter stated that the three 
great systems to the North are overcharged with 
traffic, and the trade of the country imperatively 
demands further trunk lines to accommodate it. 
Since the last application by the Great Eastern 
Company dob a slallas line to this, in 1864, that 
company has doubled its traffic, so that its wants 
to and from the North are now so much greater. 
There are more steam-engines e » and more 
factories at work within a radius of 1} miles of the 
Great Eastern terminus in Bishopsgate-strect than 


ears after the Great Northern. 
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in any other part of London. The consumption of 
coal there in 1871 was 50 per cent. more in propor- 
tion to the population than in the neighbourhood 
of the Great Northern terminus. The North- 
Western, with a mileage of 1632 miles, has a 
capital of 82,500,000/. ; the Midland, 1238 miles, and 
66,500,000/., the Great Northern, 640 miles, and 
33,000,000/., and the Great-Eastern 859 miles, and 
35,750,000/, Tables handed in by Mr. Baxter showed 
that the grossincome of the railwaysin the kingdom 
have more than doubled in fifteen years; they were 
28,500,000/. that time back, and are now 62,250,000/. 
The merchandise traffic has grown within that 
period from 10,000,000/. to-20,000,000/., and the 
mineral traffic from 5,200,000/. to 13,500,000/., the 
mileage has increased from 10,800 to 16,800 miles. 
Mr, Baxter gives his authority to the assertion 
so often made in these columns that no railway cao 
be made now with any considerable capital without 
its being in concert with some one of the existing 
railways, because it will either come out of or go 
into one of them, and either of the terminal railways 
can eiarve the new line to death if they please. 
They can strangle it in a very mild manner without 
its having any cause of legal complaint. 

The line proposed by the Great Eastern Company 
was, it will be seen, intended to be essentially a 
‘‘coal line,” and with this view the limiting 
— were made 1 in 400, whilst to induce the 

ommittee to pass the Bill the promoters proposed 
to bind themselves to carry all coal tendered them 
in 400-ton loads, and for a distance of not less than 
70 miles, at the rate of 4d. per ton per mile. Much 
interesting evidence was brought forward as to the 
ability of engines to take 400 tons of coal up 
1 in 400, and it was shown that although there is no 
physical difficulty in doing so, as a matter of fact no 
company in this kingdom does habitually carry more 
than 350 tons net load even in good weather. Sir 
Henry Tyler spoke as to the performance of the 
‘* Consolidation” type of engine on the Pennsylvania 
Railroad, but it was decisively proved that the same 
engines in this country would perform very dif- 
ferently, owing to the unfavourable conditions of 
our climate. r. Allport, the managing director of 
the Midland Railway, showed that with the proposed 
rate of 4d. per ton the working expenses would be 
75 per cent. of the gross receipts, instead of the 
54 per cent, aver obtaining throughout the 
United Kingdom, and consequently that a 3d. a ton 
was a commercially impracticable rate. Other able 
witnesses gave much valuable technical information 
to the same effect. 

In consequence of the lamented illness of Sir 
John Hawkshaw the burden of the engineering 

roof fell upon Mr, Hayter, who was severely 
died in cross-examination for laying out the line 
in such a way as to interfere with the important 
drainage interests in the Fen country by the forming 
of embankments, and with the Trent navigation by 
the construction of a swing bridge. It was also 
alleged that he had affronted important towns like 
Lincoln by taking his line past them without making 
a junction with the existing lines or running into the 
present stations. 

Between Spalding and Lincoln the Great Northern 
Company were promoting a line traversing almost 
the same ground as a portion of the Great Eastern 
project, and this line, in accordance with Parlia- 
mentary usage, was considered by the same Com- 
mittee. In support of the Great Northern Bill and 
in opposition to the Great Eastern, the most im- 
portant witnesses called were Mr. Fowler, Mr. 
Johnson, and Mr. Oakley. Very peculiar interest 
attached to Mr. Fowler's evidence, because, as joint 
engineer with Sir John Hawkshaw, he promoted, 
in 1864, a line which to superficial observers was 
identical with that he was now opposing. Indeed it 
was for a long time thought that Mr. Fowler could 
not be called as a witness, but the Great Northern 
had the fullest confidence in their champion, and 
loosed him at their A ag ee without hesitation. 
Any one who knows Mr, Fowler’s unrivalled powers 
of persuasion will be pre vo hear that he 
astonished friend and foe alike, by showing in the 
clearest ible way that he was right, both in pro- 
moting the ‘‘coal” line of 1864 and in opposing 
that of 1878. He contended that the conditions 
had been entirely altered by subséquent legislation, 
which it was incumbent upon every Parliamentary 
Committee to respect, because upon faith of it 
many miles of line had been constructed, and some 
millions expended in the district proposed to be 
served by the new line. He believed now, as in 
1864, that 3d, rate would leave a profit, but a much 


smaller profit now than before, because in the past 
14 years working expenses have increased 15 per 
cent,, and the cost of making lines at least 30 per 
cent. 

Viewing the question judicially as past engineer 
of the Great Eastern and present engineer of the 
Great Northern, Mr. Fowler was of opinion that the 
former company were entitled to a free access to 
lines north of bet but that it would be more 
economical for them to secure this by becoming 
ine owners of certain existing lines of the Great 

orthern than by constructing new lines at an 
estimated cost of over 2,000,000/. and a probable 
cost of 3,000,000. It was hardly possible to resist 
the force of this evidence, and the general impression 
which hitherto had been that the Great Eastern 
would get their Bill at once became changed. The 
decision of the Committee justified this feeling, for 
the Great Northern Bill for the line from Spalding 
to Lincoln was finally passed with clauses empower- 
ing the Great Eastern to become joint owners of 
that line and of the existing lines from their system 
at March, vid Gainsborough, to the junction near 
Doncaster, with freedom of access to the lines of 
the Midland, Manchester Sheffield and Lincoln- 
shire, Lancashire and Yorkshire, and North- 
Eastern companies at Lincoln and Askerne. The 
Great Northern are also to become joint owners of 
the Great Eastern line from March to St. Ives and 
Huntingdon. 

These terms, with other minor ones, were scheduied 
in the Bills of both companies, and effect is to be 
given to them by legislation next session. 

The useless expenditure of some 3,000,000/ and 
the mischievous precedent of fixing by legislation 
an unremunerative rate with the view to buy a 
Bill, have thus been averted by the firmness and 
untiring zeal of Mr, O'Reilly and his Committee, to 
whom the thanks of all railway shareholders are 
most deservedly due. 


CORRUGATED FLUES FOR BOILERS. 

SINCE our notice the week betore last (vide page 
245 ante) of the testing of boiler flues by the Leeds 
Forge Company, this firm have had pieces cut out 
of the experimental flues in several places in the hope 
of throwing more light on the immediate causes of local 
failure, and to ascertain the variations of thickness. 
Particulars of the result of these examiuations will be 
of interest. The tubes had been made each of twoplates 
of unequal width, the narrow plate being about 2 ft. 
wide, lap welded, the welded part being hammered 
down to the thickness of the adjacent plate. All 
large plates are thicker down the middle than at the 
edges, the difference depending on the temperature 
at which the plates were rolled, and the rigidity of 
the rolls, ‘These large plates having been bent 
across the grain, it follows that the tubes must be 
somewhat thicker elsewhere than at the weld, espe- 
cially near the centre of the tubes, but the process of 
corrugation reduces this difference in the corrugated 
tube. Hence the tubes are weakest, because thinnest, 
adjacent to the weld, although the welds themselves 
may be perfect, 

e plate samples in store cut from the edges 
measure # in, thick. On measuring the tubes them- 
selves, the welds were mostly .375 in., but on account 
of the uneven surfaces varied from .36 in. to .39 in. ; 
ata few inches on one side of the welds, however, for 
a width of about 2 in. on the large plate, the plate 
was fully .4in. thick. The thickness of the corruga- 
tions at any given spot was about the same at all 
parts of the corrugations. On the side of the cor- 
rugated tube opposite the weld the thickness varied 
fromabout .37in, to .39in., but is mostly above .375in. 
The thickness of the plain tubes opposite the weld 
is about .4 in. . 

The plain tube failed in the narrow plate between 
the two welds where the thickness was fully .375 in. 
The locality of failure is due in the first place to the 
opposite side being thicker ; next, perhaps, the two 
welds began to bulge outwards, the exact spot where 
the tube was bent inwards being due to irregularities 
incident to hammering the weld. 

The corrugated tube began to yield inwardly, 
almost on a weld, which afterwards showed flaws ; 
at the same time it apparently yielded outward a 
little beyond the second weld, becoming egg-shaped 
in section, but there is no marked defect in the weld 
or thickness beyond that above mentioned to account 
for this tube being so much weaker than a former 
corrugated tube tested. Hence we conclude the 
difference to have been due to inaccuracy of shape. 

It is pro to make all welds in future by 














planed scarfed joints, lightly rivetted, and then 





ial machinery is being devised to 
do away with all hand-hammering. The flue tubes 
tested are of material, and indeed, the system 
of manufacturing plates adopted at the Leeds Forge 
Company’s Works is calculated to secure uni- 
formity and excellence. The refinery is attended to 
by one man. The iron made by each puddler is 
distinguished by a number during its manufacture, 
which number is stamped on the. plates made from 
it. Two test’ strips, one cut longitudinally and bent 
cold, the other across the grain, bent hot, are cut 
from each plate and numbered for reference, while 
each plate bears two numbers (thus, s{s) the one 
referring to the puddler, the other to its test strip. 
The mode of operating is also such as to insure 
sound plates. e puddled iron is made into slabs 
about ]12in. square under a 40-cwt. hammer, and every 
slab is broken in two cold. The half slabs are 
examined, assorted, and piledin pairs, with a piece of 
scrap between, and are welded and hammered into 
small bars, which are divided into three under a 
50-cwt. hammer. Finally these bars are piled and 
cross-piled and welded under a 12-ton hammer for the 
rolls. By this intermediate process defective puddling 
can be at once detected, the iron being selected to 
secure uniformity and being improved by the extra 
heating and hammering. The small bars weld cleaner 
than puddled bars, avoiding lamination in the me, 
and by the cross-piling of small bars a more homo. 
geneous iron is secured. 


welded, while s 


STEEL RAILS AND RAIL JOINTS. 

THE past few years have developed a considerable 
improvement in the ent way of railways. 
The wide introduction of steel and improved fish 
— in place of iron rails and old fish joints has, 

ide the advantages it has brought in obtaining a 
smooth track, lessened the cost of maintaining the 
roads in good order. Now that steel costs but little 
more than iron there is no longer the financial diffi- 
culty in the way of its introduction that existed 
some time ago, and there is no wonder, therefore, 
at the rapidity with which the substitution has 
taken place, or that the time of iron rails has 
practically passe! away. 

The question of standard or normal sections is of 
great interest to makers as well as to engineers, and 
the advantages are so obvious that they scarcely 
need to be pointed out. Notwithstanding this, it is 
quite natural that the universal adoption of standard 
sections is not to be anticipated, as the opinions 
of engineers differ too widely for such a result to 
be arrived at. Nevertheless, every effect in this 
direction is of high value, when unprejudiced, and 
combined with a thorough knowledge of the re- 

uirements of the engineer, as well as those of 

e manufacturer, and we gladly publish (see 
page 277) some new standard sections lately de- 
signed by Mr. C. P. Sandberg, the inspector to the 
Swedish State Railways. It is now several years 
ago since Mr. Sandberg did good service in designing 
a number of standard sections for heavy and for 
light iron rails,* which were adopted on a rail- 
roads, both on the Continent onl in America, but as 
rail-making since then has made considerable progress, 
through the introduction of steel, certain alterations 
have become necessary. As railways may be divided 
broadly into light and heavy lines, the rails can be 
similarly classified, taking 50 lb. per yard and up- 
wards as suitable for the latter, and those under 
50 lb. per yard for the light roads. It is particularly 
for the heavy rails that steel has been found advan- 
tageous, and it is, therefore, only for this series that 
Mr. Sandberg has designed the sections under notice. 
To put the material in its right place, so as to com- 
bine maximum stability, stiffness, and wearing 
capacity with a given weight is the object sought. 
In aiming at this many engineers not practically 
acquainted with rail-making refine the design too 
much, and produce a section which makers can only 
execute at an extra cost, or perhaps not at all, 
while others fail to get the full advantage from the 
material. In examining Mr. Sandberg’s new sec- 
tions, we notice that they increase by increments of 
5 lb. each per yard, except the 56 lb. rail, with a 
proportionate increase in their main dimensions, 
hile more material is left in the rail head for wearing 
substance. ‘The 56 lb. section, which was ——< 
some time , slightly deviates from this. it 1s 
now adopted very largely in Sweden, Canada, 
and elsewhere, and ers having rolls for the 
section which is very nearly in harmony with the 
others, it is a great advantage to keep it unaltered. 
The grest difference between these and the former 











* See ENGINEERING, vol. xii., page 329. 
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series of sections is that there are 15 deg. of 
fishing angle instead of 11 deg., which facilitates rol- 
ling, and the middle part of the web is thinner, with 
the object of avoiding fractures from punching, and 
doing away with the —e process of drilling 
the holes for the bolts. he flanges are also thinner 
than for sections in iron, butas steel will roll better 
than iron, and improvements in rolling-mills are 
constantly being introduced, it is believed that 
makers will find no difficulty in this respect. In 
fact, we think that while these sections recommend 
themselves to engineers, makers will not dislike 
them, although they evidently have not been de- 
signed only with a view to facilitate manufacture for 
easy rolling, for such sections would find little favour 
with engineers. 

As to the fish-joints these sections are fitted 
with three different kinds of fishplates and com- 
binations of the same, viz., the ps aap the angle- 
fish, and the deep-fish, for adoption according to 
localcircumstances, In ENGINEERING, vol. xx., p. 444, 
we published a paper by Mr. Sandberg on experi- 
ments on the strength of rail joints of different 
forms, which promised a greatimprovementin the 
permanent way. We are glad to say that this has 
been amply borne out in practice. These fishplates 
have been introduced rapidly on English as well as 
on foreign roads, although the Pennsylvania Railroad 
had employed them before they were advocated by 
Mr, Sandberg. For the double-headed, or bull- 
headed pattern used in England, the deep form seems 
to be most suitable, being adopted on almost all of the 
principal lines. For the flanged sections, angle-fish 
plates appear to be preferable, being partly 
adopted in America as well as on European lines. 
Both systems have been fairly tried in Sweden, and 
the preference, after a couple of years’ experience, 
is given to the angle-fish, which is now being 
generally adopted there. On some lines one angle- 
fish is used as in the United States, while on others 
it is applied on both sides. 
and others in iron, and they are generally used for 
suspended joints. Inasmuch as the angle-fish will 
not offer so great stiffness as the deep fish, there will 
still be a slight deficiency in the strength of the 
joint as compared with the rail, even if two angle- 
fish plates are used. On old lines this would necessi- 
. tate the throwing away of the two plain fishplates, 
and therefore the adoption of one to start with 
would be less expensive. The advantages found 
from both the angle and the deep fish, as compared 
with the ordinary section, are keeping the rail ends 
from sinking and being crushed, and the road 
from travelling. The angle-fish with its broad base 
also tends to keep the gauge, and for this reason the 
platelayers very much prefer it. Anyhow, the 
false idea of saving every pound of metal on the 
joint, however wasteful the rail section might be, 
seems now not to exist, and we are glad to find 
that railway engineers are quite aware of the fact 
that saving the material by the adoption of a 
modern section, and spending some of it in making 
a stronger rail joint, is the truest economy in the 
construction and maintenance of the permanent way. 

The railsand joints we have described are chiefly 
applicable for wooden cross sleepers, and for 
climates where great elasticity is required, and 
wooden sleepers are still to be had at a reasonable 
price. For countries with a hot climate wooden 
sleepers are out of the question, and an entire per- 
manent way of iron or steel becomes necessary. 








THE PARIS EXHIBITION.—No. XXI. 

WE alluded last week to the ventilation of the 
Palace of the Trocadéro. At arecent meeting of the 
Société des Ingénieurs Civils, M. Bourdais described 
in considerable detail the system employed, and 
which he had elaborated in conjunction with M. 
Davioux, architect of the palace. M. Bourdais 
pointed out that the problem of heating and venti- 
lating the Grand Hall was one that had been taken 
into consideration in the first stage of the design. 
It was evident indeed that these two services would 
require special arrangements and constructions, 
which must be completed with the building, as it 
would be impossible after its completion to add 
supplementary appliances which would be efficient. 
The Grand Hall, which will afford accommodation 
for 5000 persons, will require to be thoroughly 
ventilated as well as cooled in summer or heated in 
winter, and not only during the period of the Ex- 
hibition, but under its subsequent and more perma- 
nent conditions. The two operations of heating and 
Ventilation had however to be considered quite 


Some are in steel |- 


a because the State, which constructed the 
palace only with reference to the Exhibition, had 
no necessity to provide warming arra ents, It 
was necessary, however, that thislast-named operation 
should be allowed for, so that they might be com- 
pleted later on, without injury or disfigurement to 
the building. The following were the conditions 
imposed: To supply 52 cubic yards of air per hour 
and per person (an audience of 5000 being assumed), 
being a total of 260,000 cubic yards of air per 
hour, or 72.2 cubic yards per second, The first 
point to be considered referred to the direction of 
the air in the hall, whether it should be ascending or 
descending. The former possessed evident disad- 
vantages, and with regard to the latter it was 
necessary that the flow of the outgoing air should 
be so slight as to produce no inconvenience to the 
audience. This condition was complied with by 
providing 5000 exits for the air, equal to the number 
of people the hall contains. Further, it had to be 
decided whether the ventilation should be effected 
by a slight pressure or exhaustion of air. The 
latter of itself has obvious objections, The former 








openings is somewhat novel, It was obvious that 
openings in the floor would have the inconvenience 
0 P apomgee: dust to accumulate in the conduits, 
and the area of the openings would be seriously 
diminished when the hall was full of people. To 
avoid these drawbacks a vertical tube has been 
placed close to each seat, provided with several 
openings, and arranged according to the particular 
requirements of the different parts of the hall, These 
tubes communicate with the conduits under the floor, 
and the system of canalisation is so arranged that 
the distance travelled by the air from each tube to 
the point of exit is approximately equal. This will 
be understood by reference to the plan, where it will 
be seen that the openings situated near the exhaust 
fan are not connected with the main conduit direct, 
but with an auxiliary channel which enters the main 
con luit at a central point. The two fans employed 
are on a system designed by M. Ser, professor at 
the Ecole Centrale, and they will work in circular 
seatings formed in the masonry. Experiments have 
been made which prove that the arrangement 
adopted will work noiselessly, and with a high 
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therefore was adopted. In arranging the conduits 
and air shafts on the assumption that 72 yards a 
second and a velocity of 13 ft. per second are re- 
quired, the cross section of the conduits ought to be 
at least 150 square feet. 
72.2 cab. yds. x07 =149.9 sq. ft. 

It will be seen from the annexed diagram of one 
half the hall, that it has been practicable to arrange 
in the clear space between the sides of the orchestra 
and the face wall near the Place du Roi de Rome, 
three air shafts; the first, a pure air inlet, starts 
from the level of the foundations of the palace and 
rises to the summit of the building; valves placed at 
suitable levels allow of air being drawn from the 
level of the roof, or from the foundation. This 
facility for obtaining air from the low level has con- 
siderable advantages. It has been found by experi- 
ence that the air is perfectly pure, and a constant 
flow can be obtained “ galleries and shafts opening 
into the gardens. The sides of the piers of the 
foundations furnish an immense heating or cooling 
surface, according to the season, and amounting to 
several degrees ; by making use of this condition a 
marked economy in the cost of ventilation could be 
caused. From whichever source the air is taken, it 
will be delivered by the fans towards the roof of the 
building through the fresh air shaft marked a on 
the plan. The air passing ——— the spherical 
opening in the roof will descend gradually to- 
wards the ground, where it will flow through the 
5000 openings for discharge mentioned above; 
these mouths will be arranged in series, and the air 
thus removed will be drawn out by an exhaust 
fan to be discharged at the shaft marked 4. This will 
communicate with the lantern on the roof of the 
hall, and the impure air will find an exit at a suffi- 
cient distance from the source of supply, a detail 
absolutely necessary to secure sufficient ventilation. 
Two fans are employed to secure the movement of 
the air, one which discharges the eir under pressure 
at the roof, and the other which exhausts it from 
the floor level, These fans are marked ¢ and d. The 
air supply shaft is marked ¢. It has been assumed 
that to secure the necessary circulation, and to 
allow for the friction of air, a pressure equal to.236 in. 
of water; this pressure, equivalent to .136 oz. per 
inch, would cause inconvenience especially in opening 
and shutting doors. The meet therefore been 
divided into two parts, one producing a pressure of 
-118 in., and the other an exhaust of similar amount, 
a result obtained by regulating the rotative speeds 
of the fans, The arrangement of the Sedncge 
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amount of efficiency. We shall, on a future occasion, 
publish drawings and a detailed description of this 
arrangement, 

We publish on the following pages three Tables, 
the first of which gives the total cost of the works 
of the Exhibition so far as can be ascertained. The 
second and third give respectively in great detail the 
nature and amount of miscellaneous contracts made 
for works connected with the Trocadéro and the 
Champ de Mars. All the contracts enumerated 
in the two latter Tables have been concluded 
between the beginning of September last and 
the end of February. It will be noticed that 
while many of them are insignificant, a large 
number are of a very important nature, In the 
Trocadéro, the principal ones are for the decorative 
painting in the Grand Hall (5400/.), which was let 
on the 24th of December last to . Lameire and 
Co.; the construction of the belvideres on the two 
towers (6400/.), let to MM. Masselin and Co, on the 
9th of January ; the statues for the circular gallery 
surrounding the Grand Hall'(4200/.) ; columns, &c., for 
main staircases (8000/.) ; the seats for the Grand Hall 

8400/.), let to MM. mares, Baa Co. ; the Aquarium 
(4001) let 4th of September to MM. Comboz and 

o.; and the two contracts for the elevators, each 
4800/. ‘These were let onthe 13th October to MM. 
Edoux and Co., and MM. Bon et Lustrement re- 
spectively. 

In the main building of the ives de Mars the 
most important contracts were for the decoration 
of the vestibules opposite the Seine and the Ecole 
Militaire for 5200/. and 3800/. respectively, These 
were let on the 24th of November to MM, Lenoir 
and Co., and MM, Maugas and Co. 





INSTITUTION OF MECHANICAL 
ENGINEERS. 

THE general meeting of this body was held yester- 
day, the 11th, in the large hall of the Institution of Civil 
Engineers, Great George-street, the chair being taken by 
Mr. John Robinson, President, at 11 o'clock. The 
minutes of the last general meeting having been read 
and confirmed, the names of new members elected were 
also read. 

The President then moved the following resolution, 
which had been passed unanimously at the Council at a 
numerously attended meeting: “ That 3000/. be voted 
from the funds of the Institution to Mr. William P. 
Marshall, in recognition of his valuable past services.” 

Mr. Price Williams asked if Mr. Marshall had been 
offered an increase of salary if he would remove to London 
and continue his services as secretary. He felt that it 
was a great responsibility to vote so large a portion of 
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the funds of the Institution, and his vote would depend 

upon the answer to his question. 

The President replied that a small addition to his 
salary had been offered to Mr. Marshall, which, taking all 
the circumstances into consideration, he did not feel it 
desirable to accept, and therefore tendered his resignation, 
following on which the resolution submitted to the last 

general meeting to give him a retiring pension of 4001. 

a year was come to by the Council. That resolution 
was then referred back for further consideration, and the 

Council now submitted the resolution which he had 

moved. 

Mr. Williams said the answer was quite satisfactory. 

Mr. F. Bramwell made some remarks on the resolution, 
going more into detail as to Mr. Marshall’s thirty years’ 
connexion with the Institution, his salary during early 
years, &c., and after further observations by Messrs. 
Walker, Hoad, and Cowper, the resolution was unanimously 
agreed to. 

The President then stated that the Council had con- 
sidered the question of premiums for papers, diplomas 
for members, and experimental research, but had decided 
on postponing them until the constitution of the Insti- 
tution was settled. On this point they had been taking 
legal opinions, but were not yet in a position to submit 
any resolution to the members. There would, however, 
be another meeting of the Council on the subject to- 
morrow morning, and possibly he might be able to make 
a further statement on the subject to-morrow. 

The reading of papers was then proceeded with, the 
first being “On the Appliances and Operations for 
Raising the Wreck Edith, at Holyhead,” by Mr. Lawrence 
M. Kortright, London, which paper we publish on another 
page. 

A discussion ensued, in which the President, and 
Messrs. Kortright, Halpin, Olrick, West, Gorman, Patrick 
Hayter, Grey, and Webb took part, in the course of 
which a very decided opinion was expressed that it 
would be impossible to raise the Vanguard. A vote of 
thanks was then passed to Mr. Kortright and Mr. Halpin, 
the engineer of ioe orks. 

Tho next paper was “‘On a Floating Dock upon an Im- 
proved System at the Victoria Graving Docks,” by Mr. 
Charles Elwin, London. We shall publish this paper in 
an early number. 

In the discussion which ensued it was elicited from Mr. 
Halpin, the designer of the dock described, and in answer 
to questions from Mr. Bramwell and Mr. Cowper, that'the 
plan adopted was fixed upon from special considerations 
attaching to the circumstances, and that if he were called 
upon to construct a dock de novo he should not advocate 
the combined action of hydraulic lifts and flotation. Mr. 
Boyd also gave a brief outline of the construction of the 
Bermuda floating dock. The usual vote of thanks having 
been passed, the meeting adjourned for luncheon. 

On reassembling, a paper “On the Cost of Working 
different Descriptions of Railway Traffic,” by Mr. 
Francis R, Conder, Guildford, was read. The author 
contended in opposition to many authorities that the 
extra cost of running at a high rate of speed ig so trifling 
that it may practically be neglected. A long discussion 
ensued and the meeting was then adjourned until to- 
morrow at 11 o'clock. We have in the present notice 
merely give an outline of yesterday's proceedings, next 
week we shall deal with the discussions more fully. 








INSTITUTION OF NAVAL ARCHITECTS, 

Tue annual meeting of this Institution commenced 
yesterday, in the hall of the Society of Arts, at a time 
which renders it impossible for us to do more than 
merely mention the gathering. The papers down for 
reading in the afternoon, after Lord Hampton's presidential 
address, were, “On Steel for Shipbuilding,” by Mr. 
Martell, “On the Comparative Efficiency of Single and 
Twin-Screw Propellers,” by Mr. W. H. White, ‘On the 
Elementary Relation between Pitch, Slip, and Propulsive 
Efficiency,” by Mr. W. Froude, and “On the Theory of 
Deep Sea or Oscillating Waves,” by Dr. Woolley. The 
first of these especially led to « very long and interesting 
discussion, in which Messrs. Samuda, Wigram, White, 
Denny, Kirk, E. J. Reed, John, Siemens, Laird, and 
others took part. There was a very large attendance of 
members throughout the afternoon, and the Society met 
again in the evening to hear papers by Messrs. Denny, 
Wigham Richardson, H. H. West, and Captain:Goulaeff. 
The meetings of the Institution extend over to-day and 
Saturday. 





CoLoniIAL Derences.—In addition te means of defence 
recommended by Sir William Jervoi. for the protection of 
the port and town of Newcastle (New South Wales), the 
military authorities intend to advise the New South 
Wales Government to erect earthworks, which will be 
easily constructed, on the northern side of the entrance of 


the harbour. These earthworks will, it is considered, be 
of service both for practice and for defensive urposes. It 
is intended also to provide an efficient torpedo service for 
the port. The wor by Sir William Jervois— 


viz-, the construction of batteries on Signal Hill, which is 
a prominent and commanding head on the southern side of 
the harbour, will be ied out with as little delay as 
possible. The locality has been surveyed, the n 


















































THE PARIS EXHIBITION: COST OF WORKS.—(See page 285.) 
No. I.—GenzeRaL SuMMARY OF PRINCIPAL CONTRACTS. 
1. General Service : & &£ 
«ema ase ia ie ra ee} 81,200 
Medals _ ove oon ° eve ‘ «| 60,000 
Fétes os eo ate os ‘ +»| 20,000 
Exhibition of live stock | an pon a eee ate -..| 58,600 
2. Works on the Champ - Mars: 219,800 
Exhibition buildings .. ese = eee eee ™ ove ++-/820,000 
Gardens, &. ... we ees a eco we nse eee «| 24,000 
Offices ° eee eee eee eee eee eee eee ory eee 10,000 
Fencing we ese eee eee eee eo ee eco ose coe 4,000 
— cutting on the quay ; ii ona eee eee sed .-| 17,200 
ater and gas service eve . ove ove coo | 008 ws eee wns 26,000 
Picture exhibition ine eco eee ae ini on ° a | 6,800 
Motive power .. ° ove eee ove ° e| 40,000 
Restoration of the Champ de Mars .. ove ar eee «| 6,000 
3. Works on the Trocadéro: 954,000 
Palace of the Trocadéro eve oe : . * abe +++ /3828,800 
Cascades and gardens ... ies Ri ee at) Vda a ae o «| 79,480 
Fencing ... A. his be es . pam . on ane «| 4,800 
Water and i ee ose bs ‘a ms al — 
n cutting on the quay eee exe eco evo oul, a 
ectecation of the Trocadéro pe es ‘i «| 6,000 
458,000 
4. Unforeseen Expenses in the Foregoing : eee eso oso 40,000 
5. Supplementary Works : 
Machin hinery Annexe, Avenue de la ened ie - sie ‘ ..| 36,000 
Agricultural Annexes, Quai d’Orsa; ze ~ ‘ ove “ ++-| 26,000 
Annexes for naval and seaport exhibit oe eco ~ , | 8,000 
Annexe of the Génie Civil and railways «. * aaa . ..| 8,000 
Building of the eae de —_ od mi ia - Re r .--| 24,000 
Algerian Palace “ eve eco oe “ e+} 12,000 
Marine Aquarium i eco ane ooo «| 6,000 
6. Mapentituse guapriary to the Above: ——|120,000 
General service “ a ove «| 59,280 
Works on the Cham soaker de Mars : = ‘a .-| 80,000 
Works on the T ° ee eco «+.|120,000 
Annexes, &e. eee oe o eee 120,000 
—— |379,280 
General Total “~ eo] ove «12,171,080 
No. I1.—NatuRE AND VALUE OF CONTRACTS FOR CHAMP DE Mars. 
1. Accessory Works : £ 
Statuary for the Champ de Mars : 
a. Plaster Sta at foot of standards of Grand Vestibule near the oy ouamly at — 3200 
” Plaster groups for great arch of principal entrance ... ai 3200 
$6 over standards of facade of-Champ de Mars .. 200 
Riolling scaffolding for painting the nave of the Champ de Mars Palace, side near the Avenue de 
la Bourdonnaye ete 200 
Internal fittings of the Fine Arts Gallery nearest the Seine... be 2200 
- Ecole Militaire... = 2000 
Ceilings for 49 ft. galleries ‘ pea = eco 720 
Faiences and enamels for Grand Vestibule facing the Seine sad 1280 
Repoussé zinc ornaments for domes of the Champ de Mars Palace ae 1200 
Plaster ornaments for corner domes facing the Seine... 7 280 
‘i Ecole Militaire ove ial ot «| 280 
groups and shields for Grand Vestibule facin ing the Seine is 1800 
Rolling seafolding for painting nave of Champ de Mars Palace, on side near to the Avenue de pa 
Scaffolding for decoratin 7 work on corner domes of Vestibule opposite the Seine ee} 520 
Plaster statues for the ‘amp de Mars Palace (Russia and way) - pa eve eco $20 
Enamelled iron plates for decorating arches of domes... 1440 
Masonry in Grand Vestibule, and miscellaneous plaster work in = ‘Champ de Mars Palace 2400 
Decorative painting of Grand Vestibule and es opposite the Sein a r 5200 
” Eoole Militaire me eee 3800 
Plaster decorations for Grand Vestibule... ‘ ai . 840 
»» groups for facade —— the Ecole Militaire . eco 1600 
See = eye 9 to tecnd glean ape ee ae 1900 
Sup ig an masts and p ove ene "4 
Socio and canamnenes for one ase die di ose eee «| 920 
Sivuiianeaes encing on the C me Te see lied oe eve ; é 330 
Moulding for ceiling fo Grand Vv Thee opposite the Seine :.. ove el - ow} 440 
a! ee 8 Ecole Militaire... 7 540 
Dousne Buildin: eee eee eee eee 960 
2. Earthwork and 87,990 
Earthwork and paving he the Champ de Mars .. woe ase és eee ew} 480 
ee: in principal facades of Champ de _— Palace, ‘masonry, framing, &c., of the central 
on, and ends of picture galleries ... ro ase “ tie «-| 2000 
3. Iron Framing : 2,480 
Supplying and fixing lightning rods for the Champ de Mars ... 264 
a ow sme emt 5 a picture eries 480 
ustrades for central entrance, Gein be Mars Palace 280 
a framework for main nave near vas Avenue de la ae _ ironwork f for building at at 
the Porte Rapp... bs pn 4000 
4. aes Roofing, Staging, &e.: 5,024 
lling stage for duecuifiine Vestibule opposite the Ecéle = vt ; a 280 
Outer sides of galleries, 39 ft. wide, Champ de Mars Palace $ 7 e ..| 2400 
Cast-iron gutters, Bigot system, a’ contract wa eve i te ei ee 600 
Wood framing in gable o' Grand Vesti eee ese e 600 
5. Plantations and Park : 3,880 
Foundations and piers for conservatories in the be de Mars ..| 1280 
Supplying earth, garden mould, and manure e-| 1200 
Foundation for colonial conservatories o ew} 220 
Ornamental plants for gardens ai sis ‘ | 5200 
Levelling and making walks in the Champ deMars |. ove eo | 8200 
Foundations of buil at the Porte Rapp ine oe pan ‘i os. 240 
Steam rolling roads in the Champ de Mars ond . a 540 
nar for ventilating shafts ~ ee os ; 400 
earth for the gardens eco je oe ve 600 
. 12,880 
' 62,254 





ecessary 
plans are now in preparation. It is feared that the town 
could be shelled by an enemy from the sea. 
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No. IIL.—Naturz and VALUE OF CONTRACTS FOR THE TROCADERO. 


THE PARIS EXHIBITION: COST OF WORKS.—(See page 285.) 





























1. Accessory Works £ 
Fencing and pallendes of the various enclosures (right side)... a por on 140 
2. Foundations : 140 
Levelling ground, and constructing the Anthropological Exhibition Building ove ‘ 3200 
3. Masonry and Decorations 3200 
a. Stone statues for the Circular gallery qunenpting the a a aA a a. | 4200 
b. Plaster model of the statue ‘‘ La Renomm ooo eee are oe 320 
e. Plaster statuary for the cascade, six at ; a00L wie <a dak ra ore «| 1200 
d. Plaster statues of animals for the cascade, four at 240l. eco - 1440 
e. Stone pedestals for ae oe “ oon eve o | 400 
Carved capitals for columns i Trocadéro Palace as follows : 
a. Eighteen capitals for the porticos, and four for the Conference Pavilion inthe left wing ...| 144 
b. Thirty-six capitals for the porticos of the left wing, and twelve for the circtlar gallery oa 
the Grand Hall . am eon gee 360 
Four capitals for the Conference Pavilion in the left wing ni ove 72 
a Six ” ” ci 108 
@. de rs and eighteen for the portico of the right: wing . 180 
f Four a 99 Conference Pavilion i in the ve us = he one o 
i Eighteen “portico of th of Sey ht ' wing .. ae eee si 72 
Main stone staircase for the Trocad y te (work connected with)... o eee 96 
Mosaic and enamel decoration for 3 of the Trocadéro Palace ove ap 2600 
Stucco work for the a Palace : 
First lot ee . eee eee one we eee ° 600 
Second lot... 600 
Glazing bays of the two wings of the Conference Pavilion, and of pavilions: at head of right wing 600 
Furnishing balustrades in ceramic work for the éro Palace ove 880 
Carving capitals of columns of end and intermediate pavilions 7 eee 165 
Stone steps and bearers for inner staircases of viens | and Grand Hall ow} 540 
Ceilings of ground floor vestibules of end and Conference Pavilions ... 520 
Staircases of minarets and serviee egal — - main ages and the vestibules of the 
Trocadéro Palace ove «| 880 
Plaster statuary at head of cascade. ; pe 240 
Floss silk tissue used in connexion with the ‘wall paintings of the Grand Hulls oa ove o 720 
Decorative painting of the Grand Hall v0 eee ri «| 5400 
Glazing openings in the ground floor of the Trocadéro Palace . eee ga 268 
Carving heads on keystones of the Grand Cascade ste eo] 234 
Construction of belvideres around the towers of the Trocadéro Palace eve | 6400 
Carving capitals on columns in Grand Hall be : 50 
Glazing windows i in Trocadéro Palace, = rd part ( (Salle ‘des Fétes) «| 640 
» Second intermediate pavilion i in right ae. 72 
Transport and erection of statuary for the Trosadére eos ee} 120 
Glazing windows for Trocadéro Palace, fourth part, first intermediate pavilion i in ‘right wing ‘ 72 
fifth part, windows of Main Vestibule... * 120 
Carpenters and j joiners’ work i in aS: maee 
First lot eee 1800 
Second lot eve oie pn ove 1800 
Painting the Trocadéro Palace, second part, and Pavilions: 
Left wing... gee eee ae = ove ae ° 440 
Right wing sie co a aoe on ps «| 440 
Construction of steps, &e., right wing of Trocadéro oe sae eco fee ove poe «| 2000 
Ceiling of Grand Hall... os oe ve . * 280 
Painting the Trocadéro Palace, third part: 
Galleries in win, ee ee --| 1200 
Facade ome pl of the ¢ central part ‘of the Trocadéro Palace ... ie ‘ «| 4800 
Main hall and auxiliaries... eee es} 4000 
Plaster mouldings and decorations of Grand Hall and other portions ‘of interior ... «| 4000 
. Framing: 51,537 
Frames and sashes for main windows in Trocadéro ak eve «| 600 
Staging, staircases, and flooring for orchestra 4 organ loft, Grand Hall . jos ove «| 600 
Cast-iron columns and brackets, flooring, and roofs of main staircases, & ove oe «| 8000 
Window fittings in the Gallery of Retrospective Art in the Trocadéro ’ Palace ove 240 
. Plantations: 9,440 
Foundations and piers for conservatories in the Trocadéro _... ove ese 560 
Furnishing —~ an mould, and manure .., me ws oak ove 1200 
kwor ee eee eee eee eee eee eee eee 860 
. Furnishing 2,120 
Seats for the Grand Hall of the Trocadéro ow! 8400 
- Aquarium: ——-}| 8,400 
mstruction of the aquarium of the Trocadéro’ ... ots + wi «| 4800 
water temple for the Trocadéro . ose te eco obo - 264 
Glass for aquarium tanks an ve res ove “ ~ «| 1040 
Tron frames for tanks for the Trocadéro oe me : 800 
Kiosk in connexion with water temple for the Trocadéro on 220 
Meteorological pavilion o 640 
Glass for marine aquarium in the Quai d’ Oreay sin <a eo} 440 
Framework of tanks for aquarium in the Quai d Orsay. 2 «| 2400 
Masonry and accessory work for aquarium in the Qual d’ Orsay | 1640 
. Ventilation and Elevation: 12,244 
Ventilating apparatus for Grand Hall ie tis sad ove 3000 
Elevator and plant for eastern tower of the Trocadéro Palace des ae aoe 4800 
wes ” eee oe eee eee 4800 
. Administration des Eaua et Foréts, and Various: 12,600 
Foundation of building of Administration ~ am et oa eee 5 . 520 
Buildings for sericulture and insects ose 1280 
Glass work in Anthropological Exhibition... n 1268 
Foundation of Gardes des Foréts building 260 aon 
Total eco 103,009 











of the Spring Sacramental Fast Day, 
dies non am lasgo’ 

market ; but on the following morning the market oun 
strong, and prices 
— however, 


51s. 
51s. 4d. one month, the market closing with ers at the 
higher quotations, and sellers as 2 
51s.11 
at the close asking 51s. 2d. cash and 51s. 3d. one month, 





NOTES FROM THE NORTH. 
Giaseow, Wednesday. 


Glasgow Pig-Iron Market.—Owing to the occurrence 
. ‘Thursday was a 
ts in the 


—_ ber pone offeri at 


market. the forenoon iron c 
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yesterday morning, but improved, and closed 


4d. per ton more. Monday’s warrant 
and pripes went back 1}d. per ton, but 
— ace a re slightly firmer feeling towards the close of the 


nds at 51s. 1d. 


and 5is. .cash, and at 51s. 14d. one month, buyers at the 
close offering Bis. cash and 51s. 1d. one month, and sellers 

1d. per ton more. Business was done in the after- 
noon at 51s. 1d. three weeks, and the market closed (with 
buyers at that price and at 51s. 13d. one month, and 
opened somewhat dull 
with prices 


There were 
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almost unchanged. It may be said =aee is proctically 
no change to report in the position of the rath and that 
the spring demand is very disa, . There has cer- 
tainly been an improvement the foreign shipments 
during the past two weeks. The total amount shipped 
last week was 9071 tons as compared with 7448 tons! in the 
corresponding week of pt ard while the increase in the 
: week was tons. Within the past few 
ys four blast furnaces have been relighted at Coltness 
Tron Works, thus the number in actual operation 
up to 91 Soni es ay Ay ag ol ine The total 
stock with Messrs. Connal and Co. in the public poadinrr 
stores up till last Friday ni ht ayy 4 170,457 tons, 
the decrease over the week 10 tons 


Steel-plated Steamer hy the Ps acess Service.— 
Yesterday Messrs. J. and Sy en shipbuilders and 
engineers, Glasgow and Palani launched from their ship- 
yee oe a steel-plated —— steamer for Messrs. David 

tcheson and Co., the owners of the world-famed Iona. 
as ay Hyon interesti pp a: ey apes in the con- 
8 ion 0 new vessel perhaps the most important 
feature in connexion with enenen construction is the fact that 
= is built of Siemens’ steel-plates, angles, deck-beams 

&c.—all of which were ye at the ae "of the Bid 
Company of Scotland, near She is 
first steel-built steamer ent poste ‘or the ger e =~ 
the Clyde, and she is no less than the 
largest passenger steamer on the Clyde. “her length over 
all being 318 oh It is confidently expected that when 
finished she will be the grandest river steamer on this side 
of the Atlantic. She has been named the Columba, and 
° is p ae Fog that she may replace the Iona on the 
Route” from Glasgow to the West High- 
nee It is ate intended to have her ready for service for 
the ensuing summer and tourist season. 


Edinburgh and Leith Engineers’ Society.—A meeti 
of this society was held last night, Mr. Robert ©. Rei 
C.E., President, in the chair. essor Fleeming Jenkin 
brought before the society the results of some experiments 
made by himself and Mr. J. A. - The main point of 
interest was the fact that the coefficient of friction at very 
low speeds was not ind ent of the velocity. It has 
long been well known that the friction between the surfaces 
of two bodies is greater when they are relatively at rest 
than when they are in motion. It was obviously improbable 
that this change should be sudden. Experiment fad now 
shown that the coefficient of friction did at very low speed — 
increase by about 20 per cent. te covtain ocloctad 
where it was known that the friction of _ and asin 
were sensibly different. The change did not to be 
sensible until the relative velocity of the surfaces had 
fallen to about a two-hundredth of a foot per second. The 
lowest speed examined was One five-thousandth of a foot 
per second. The manner in which the experiments were 
made was described, and several incidental points of 
interest mentioned. /A pres: per was also read by Mr. Nicholas 
Watts, Assoc, Inst. C.E., giving an account of an instru- 
ment for determining distances, which was found to be of 
special service in such surveys as are carried out in India 
and Ceylon og vag © sale of land for coffee or 
tea plantations. Watts further stated that the in- 
strument had Gee reall paregeice he ag by Mr. George A. 
Vetch, and found to ines cain quite as accurate as, if not 
= than, the ordinary 


gontnall ae Scottish Society ong Arts—The 
Arts met on Monday night—Dr. R. M. Ferguson, 
rERen, President, in the c There was a large at- 
tendance, and senor 9 meee the paper of Firemastr 
Wilkins, on ‘‘ Fires and their Redcap ar pry was resumed. 
Subsequently, Mr. William Lees, M.A., read a paper on 
** Fluorescence _ Phos hovescene,” giving the a of 
some experiments upon —_ of the paper. ere 
were also exhibited by Mr. Peter Stevenson some new forms 


al Scottish 





of telephones. 
BELGIAN CanaLs.—The Liége Chamber of Commerce hr s 
SHouse of Hepreseanstives 2's cdg RS “i gon 
ouse resentatives a n nae nae con- 
struction of a canal of la’ Sroen af 
of the Meuse to the port o: of Antwerp vid 





LONDON ASSOCIATION OF es ENGINEERS AND 
DRAUGHTSMEN.— The o ly meeting was held 
at the Cannon-street Hotel, on gatendey the 6th inst. It 
was well attended, and Mr. "J. Newton ided as usual, 
The election of new members was the first actual business 
transacted, and among those admitted in the pono 
were, Earl Gran: ville, Mr. Hi i eather, C.E., Mr. 
James Stabler, Mr. William ) (of the firm of of 
Sydney B. Hodge and Son), at’ Mr. Haywood 
(of the Thames Iron Wor on Commena, tears Mr. 

William Greenhill read a p’ pay on “ Sewer Gases 
and Simple Means for averting their gers.’’ The me- 
chanical contrivance recommended for this purpose was one 
invented by the author|himself, and which is in use at 


Hampton Court Palace and other places. The main feature 
of the ap tus consists in an automatic valve placed on 
Somat of the soil BPs cesses cagh tho Wenn 


pour tin check the tat dwaling 
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COWPER’S HOT BLAST STOVE, 
To THE Epitor oF ENGINEERING. 

Sin,—I notice in your impression of March 22nd, you 
have given a very short notice of some ‘“‘ > stoves” 
recently erected under the joint patents of Dr. C. W 
Siemens, Mr. C. Cochrane, and myself, in America, by 
Messrs. Taws and Hartman ; and to prevent any misappre- 
hension as to the working of such stoves, I beg to be allowed 
to add a few words o lanation. The very extensive 

ice I have now had with the “‘ Cowper stoves’’ (there 

ing upwards of a hundred of them at work or erecting) 

enables me to state precisely the results attained for years 

past, and I may say shortly, that I never have any explo- 

sions, nor is the regenerator or the brickwork ever injured, 

the whole being of a thorougbly substantial character when 
built with ordinary bricks. : 

The gas flame passes up the flame flue, and is thoroughly 
distributed throughout the whole area of the regenerator, 
on plan, when the stove is heating, and each strata or 
course of bricks takes up the heat in succession, so that 
every single course of bricks does its full duty in taking up 
heat, and the blast, when sent through,’equally takes up the 
heat from each strata as it ascends, until heated to a full 
red-hot temperature, or say 1500 deg. Fahrenheit, and then 
it up through the remainder of the red-hot strata, 
taking up but little or no heat, and issues at the top of the 
regenerator, and then passes down the flame flue and out 
one the hot blast valve to the blast furnace, through 
wrought-iron pipes lined with several rings of firebrick, or 
firebrick and tiles. These pipes I invented for the express 
purpose of enabling me to carry very hot blast to consider- 
able distances, ‘without any great loss of heat. (Such 
pipes have since been adapted for other stoves). 

The advan of regenerators with their firebrick sur- 
faces, as noticed in the article, is most undoubted, as each 
single brick heated on four out of its six sides, takes 
up and empties itself of heat, much better than if it was 
only heated on one out of its six, as would be the 
case if it were in a thick wall. This, together with the 
stratification of heat named above, is the cause of the tem- 
perature of the blast being very regular throughout the 
whole time of blowing through one stove—say, for two to 
three hours ; and no injury is done to the working of the 
blast furnace by the slight variation that does take place ; 
indeed, if it were necessary or advisable to have the blast 


still more regular in temperature, nothing would be easier Allied T 


than to change stoves oftener. I have never found it ne- 
cessary to apply a bye-pass for cold blast for mixing, though 
if any person wished to use blast of low temperature, 
nothing would be easier or more complete than to put a 
cold bye-pass pipe and valve. 
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An interesting scientific point may be here noticed—viz., 
that thestoves,whilst being heated, make a draught for them- 
selves, owing to the ascendiny column being all flame up 
the flame flue, and the descending column being cooler, 
owing to its giving up its heat to the regenerator, whilst 
the stratification of the flame and products of combustion, 
as also of the cold and hot blast in the regenerator is per- 


fect, as the lowest temperature is at the bottom and the 


highest temperature is at the top. 

he three stoves at Crown Point are very small ones, the 
size I generally employ being from 19 ft. to 26 ft. diameter, 
and a little over 50 ft. high, and three stoves will then blow 
two very large furnaces. 

Many stoves recently erected and about to be erected in 
England are 21 ft. diameter, and siany are 26 ft., whilst 
there are all sizes in France, and some small ones in Swit- 
zerland. 

The Ebbw Vale Company, after trying the stoves fora 
few years, took a license for the whole of their extensive 
works ; and M. Schneider, of Creusdt, after trying all sorts 
of stoves, adopted the “‘ Cowper stove’’ as better than all 
others, took a license for the whole of his works, and 
applied them largely. No difficulty whatever is experienced 
with the dust in the gas, and no water is ever used in 
Surope for taking out dust, but the waste from the top 
of the blast furnace passes down a pipe which is enclosed ina 
much larger one, and there being holes through the sides of 
the inside pipe, the gas passes through, whilst the dust 


descends vertically down to a stop end or blank in the inside 

ipe, then the gas, having passed some distance down the 
large pipe, again enters the inside pipe (below the stop end) 
and Jpasses away down to the gas valve of the hot blast 
stove, having got rid of still more dust which it deposited 


* | in the bottom of the large pipe which is closed ; any small 


quantity of very light dust may not pass clean through 
the stove is easily blown out at “tapping time,” once a 
week, by simply openi a blow- through door (it is 
as — 14 an operation as blowing one’s nose); stoves thus 
cleaned have ran for upwards of two years, and been in ex- 
cellent condition then when ins’ 

I may perhaps be allowed to state, as a matter of fact, 
that the stoves take up less room than any other stoves, 
and can be e of almost any size to suit the situation, 
and they cost less than good cee ye | pipe stoves or any 
other stoves, whilst the economy of fuel in the blast furnace 
varies from 20 to 30 cent. due to the high temperature 
of the blast, and the ‘“make”’ of iron is, of course, increased 
in the same proportion, or nearly so, if the same quantity 
of fuel is burnt, with the same plant of blast furnace, 
blowing engine, boilers, &c. One striking result has been in 
many cases to bring up the economy of small blast furnaces 
to that of very large ones having only pipe stoves. 

In ordinary times, the stoves thus pay for themselves in 
nine or ten months, whilst wear and tear need hardly be 
taken into account, as bricks that have been in some of the 
earlier stoves were found to be in excellent condition after 
ten years’ wear. The wrought-iron casings | air-tight, 
and always com tively cool from being outside, there is 
no leakage of blast, as there always is more or less with 
cast-iron pipe stoves; no regulators or air vessels are 
required, as the stoves are very air vessels them- 
selves, and the friction through them is exceedingly small, 
much less than through pipe stoves. 

I am yours traly, 
. A. CowPER. 

6, Great George-st., Westminster, S.W., April 3, 1878. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
Quarterly Meeting of the Iron Trade.—Yesterday, the 
quarterly meeting of the North of England Iron and 
i rades was held in the Exchange, Middlestrough. 
There was a large attendance. The usual facilities for the 
exhibition of objects of interest were afforded. Mr. 
Richard Oliver Heslop, of Stockbridge, showed specimens 
of David Cockburn and Sons’ patent tubular barrows, and 
diagrams of Craig and Donald’s scrap puddle bar and tyre 
a machines, and plate shearing machines, and Hind’s 
rtable mortar mill. Mr. Matravers, of Stockton, exhi- 
ited a model of Gillett’s patent steam donkey pump and 
di ms of Smith’s patent steam sentinel safety valve, 
and excelsior fusible plug. A working model of Harrison’s 
improved railway coupling was shown by Messrs. John 
Spencer and Sons, of the Newburn S Works, New- 
castle. Messrs. Young, Douce, and Co. showed specimens 
of bricks. Messrs. Jones Brothers, of the Ayrton Rolling 
Mills, Middlesbrough, exhibited a great variety of washers 
and steel nails. Very little business was done, and prices 
were again based on No.3 Cleveland pig selling at 40s. per 
ton. 


The Cleveland Ironmasters’ Returns. —The monthly 
return of the Cleveland ironmasters, showing the make and 
disposal of pig iron during March, informs us that out of 
164 blast furnaces in the Association, 96 are in operation. 
The total make of Cleveland pig iron during March was 
148,411 tons. During the same time there had been made 
in the district 29,120 tons of hematite and spiegeleisen. 
Makers’ stocks now stand at 237,296 tons, and the warrant 
stores contain 40,328 tons. 


The F nished Iron Trade.—There is still great depression 
in the finished trade. The iron rail trade is dead, and were 
it not for the activity of shipbuilders there would be nothing 
for the plate mills todo. There is such keen competition 
that orders for plates and angles are placed at prices which 
to all firms, except those few favoured by being the 
possessors of mines, collieries, and blast furnaces, as well 
as finished ironwork, would positively leave a loss. 


The Wages Question in the Finished Trade.——On Mon- 
day a court of arbitration was held at Darlington to settle the 
question of the ironworkers’ wages throughout the North 
of England. Mr. David Dale acted as sole arbitrator, and 
the proceedings terminated on Monday evening. A mass 
of information bearing on the iron trade was laid before the 
able arbitrator, who will give his award on an early day. 
It is expected that he will give a substantial reduction, pro- 
bably 7} of the 10 per cent. claimed by the masters. 


Engineering and Shipbuilding. — Throughout the North 
these important branches of industry ure actively engaged. 
Some fair orders for bridgework in Spain have just been 
received by Messrs. Head, Wrightson, and Co., of South 
Stockton; and at Middlesbrough Messrs. Hopkins, 
Gilkes, and Co., who only lately completed the Tay Bridge, 
are tolerably full of work, chiefly bridge building. 


The Coal Trade.—There is only a meagre demand for 
coal and coke, and prices are low. It is not expected that 
there will be any material improvement until the Eastern 
question is disposed of for a definite time. 








Tue Istumus or Darten.—A French expedition is ex- 
ploring the Isthmus of Darien. The expedition, which is 
under the direction of Lieutenant Wyse, arrived at Panama 
Jan 18. Lieutenant Wyse has made an exploration 
of the Rio Grande. He states that he was pleased with 
the appearance of the river, although its bed was ob- 
structed by numerous rocks. 





| NOTES FROM SOUTH YORKSHIRE. 
Mining Operati 2s y Evening. 
Mining rations in shire.—A meeting of the 
Mill Dam J Company has been held ond te rt 
‘presented by the directors has been adopted. It . 
| however, been found desirable to make a on the share- 
| holders, in order to sink a shaft on the property some 15 
fathoms deeper. This will involve a ia ditional out- 
lay, but it is believed in the long ran it will prove remunera- 
tive. The sinking of the 15 fathoms will cost 1,000/., and 
a contract for the completion of the work for the amount 
has been let. The company have every confidence in the 
result of their outlay, as they have struck three new veins 
of lead, and the cost of o7 ning out the seams will be paid 
by the smelting of the “ deads.”’ 


Sheffield Ironworkers and their Wages.—The reductions 
which during the last six months haye been made in the 
of the ironworkers of Sheffield and district appear 
to have at last induced the men to take a decided course. 
The Sheffield ironworkers, although allied to the Stafford- 
| shire union, have been the reverse of united. They are 
now forming fresh “‘ societies,’’ and should there be a re- 
| vival of le, they will, no doubt, take aggressive measures 
| and endeavour to recover some portion of the wages which 
for the present they are deprived of. 


Coal Trade of South Yorkshire.—Notwithstanding the 
apparent settlement of the wages question after discussion 
between the representatives of the collieries of South 
Yorkshire and their employers, there are yet many dis- 
tricts in which the miners are unable to come to terms with 
their masters. The men are generally averse to making 
the concessions which are required from them, and the coal 
trade generally is unsettled in consequence. 


Profits on Gas.—The Sheffield Gas Company has resolved 
to reduce the price of gas 2d. per 1000 ft. The prices will 
then be 2s. 7d. per 1000 ft. first 500,000 cubic feet con- 
sumed in one year; 2s. 5d. for the excess beyond 500,000 
and up to 6,000,000 cubic feet, and 2s. 3d. for all consumed 
above 6,000,000. The company has desired to create new 
shares to the extent of 97,4271.; being equal to 17/. upon 
each 1001. stock in the company. 


Union Eztensions.—The Sheffield guardians have re- 
solved to erect a new workhouse at Pitsmoor at a cost of 
72,000/., and the Local Government Board has sanctioned 
the expenditure of that sum. Contracts for the majority 
of the work have been let. 


Improvements in Shot.—We understand that Messrs. 
Charles Cammell and Co., of Sheffield, are introducing a 
new solid steel shot to replace the chilled iron projectiles 
of Major Palliser. Government will shortly undertake 
certain experiments with these shot, and also on composite 
—— invented by Mr. Wilson, a member of the 
above 








AMERICAN CoAL.—The Appalachian chain, or Cumber- 
land coalfields, contain the largest carboniferous deposits 
on the American continent. It is estimated that West 
Vir alone contains upwards of 16,000 square miles of 
coal lands, principally bituminous, cannel, and gas coal. 
These measures are remarkable for their depth in vertical 
section, and the variety and excellence of the deposits. 





DYNAMITE AND LITHOFRACTEUR.—Supreme Court of 
Judicature. Court of {oo (Sittings at Lincolns’ Inn, 
before the Master of the Rolls and Lord Justices James and 
Thesiger, April 4 and 5, 1878). ‘* The British Dynamite 
Company v. Messrs. Krebs and Co. This was a suit 
originally brought 4 the plaintiff company against the 
defendants, Messrs. Krebs Brothers oat Co., of Cologne 
(who are the manufacturers of the explosive compound 
lithofracteur), and against their agents in England for an 
infringement of their patent in this country. The patent 
on which the plaintiffs relied, and which they complained 
was being infringed by the manufacture and sale of litho- 
fracteur, was taken out in 1867. The cause was heard 
before Mr. Justice Fry in June last year, when his lord- 
ship held that the defendants had to some extent made use 
of the plaintiffs’ invention, and that the plaintiffs were 
therefore entitled to an injunction with an account of the 
profits. On the appeal, the Attorney-General, Mr. Macrory, 
and Mr. Fielding Nalder appeared for the appellants, and 
Mr. Aston, Q.C., Mr. E. Cutler, and Mr. Chester for the 
Dynamite Company. The Attorney-General opened the 
proceeding on behalf of Messrs. Krebs and Co., praying a 
reversal of the judgment of the court below on the grounds 
thatthe instructions contained in the patent of 1867 were 
insufficient, and that the claim was too wide, that it was in 
fact what is known as a roving patent. Mr. Aston then 
proceeded to argue the case on behalf of the Dynamite 
Company. At the conclusion of the learned counsel’s argu- 
ments on the second day of the hearing, the Master of 
the Rolls without calling on the Attorney-General to reply, 
said that although on the one hand a judge must not be 
astute to defeat a patent, yet on the other he must not 
extend a patent so as to cover that which was not then 
discovered. The question here was whether the alleged 
discovery was reduced to that form, and described in 
such terms that a competent workman taking the 
specification into his hands would be able to manu- 
facture the article, the subject of the patent, without 
any experiment. In his opinion, in all these respects the 
specification failed in complying with the necessary con- 
ditions, the instructions were insufficient, and the claim was 
too wide, and he thonght the order of the court below 
should be dise , and the bill dismissed with costs. 
Lord Justices James and Thesiger concurred. They 

thought that on both points the judgment of the court 
' below was wrong, and the appeal must be allowed. 
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THE BLAIR PROCESS. 


On some recent Improvements in the Manufacture of Iron 
Sponge by the Blair Process.* 


By J. InELAND, Engineer, Manchester. 


TueE members of this Institute are no doubt conversant 
with the process of making iron sponge with which Mr. 
Blair’s name is associated. It 

per to describe the improvements which have recently 
on made in the working plant, and also in the method of 
treating the ore. The iron sponge reducing furnaces 
erected at Pittsburgh were designed to work when the ore 
under reduction took about thirty hours to bring to a me- 
tallic state; but in the early part of 1876 Mr. Blair dis- 
covered, during some experiments, that by the addition of 
a small quantity of alkalito the carbonaceous matter mixed 
with the ore, the action of reduction was quickened to a 
remarkable extent, and ore which took thirty hours to re- 
duce without alkali, could be perfeetly done in six hours 
with it. Subsequent investigation showed that lime in a 
fallen state answered as well as any other alkali, and on 
account of its cheapness was most suitable for the purpose. 
The quantity of lime required being only about five per 
cent., the extra cost was quite insignificant when p 

inst the great saving in time. en, however, Mr. 
Blair came to work the existing furnaces under the new 
condition of quickened reduction, he found the arrange- 
ment could not in any way be altered to suit it. Perhaps 
a brief description of these furnaces will make the matter 
more easily understood. 

Each reducing furnacet consisted of a group of three ver- 
tical retorts, each retort being 3 ft. internal diameter 
and about 28 ft. high, surrounded by an outer casing 
of brickwork, leaving a combustion chamber between 
the inside of the brickwork and the outside of the retorts. 
The retorts and outside brickwork stood upon a cast 
iron entablature, supported on columns 12 ft. from the 
ground ; below the entablature, and forming a continuation 
of each retort, were wrought-iron cylinders, each sur- 
rounded with a water jacket for more quickly cooling the 
iron sponge, and having at the lower extremity a sliding 
sleeve for discharging it. Inthe top of each retort a cast 
iron pipe or thimble, 2 ft. diameter and about 6 ft. long, 
was inserted, leaving an annulus of 6 in. between it and the 
inside of the retort. 3 

The retorts were heated externally by gas jets, the air 
for combustion being supplied through apertures imme- 
diately above each jet. When the retorts were thoroughly 
heated. and all in working order, the gas generated from: 
the ore under reduction ascended up the inside of the pipe 
inserted in the top of the retort, and, on meeting with the 
air, flamed and so heated the pipe. The ore and carbona- 
ceous matter were fed into the retort down the 6-in. 
annulus between the retort and pipe, and, forming a narrow 
column heated on both sides, was thoroughly heated up 
before reaching the wide retort below. Thus the ore, on 
entering the wide retort or reducing zone, was all of one 
uniform heat, both in the centre and on the outside, and 
hence uniform reduction was the result. This initial heat- 
ing, as it is called, must be done if the ore is to be thoroughly 
and uniformly reduced. It was this part of the furnaces 
which would not suit the quickened action of reduction 
taking place in the body of the retort below ; the ore could 
not be Reated up as quickly as the reduction took place, 
and hence the two did not work in harmony. 

After several alterations, Mr. Blair abandoned the sys- 
tem of external heating, and decided to adopt that of pass- 
ing a stream of hot carbonic oxide through the mass of ore 
and carbonaceous matter. The writer, however, has since 
made some improvements in the first-named furnace, which 
are subsequently described, where the initial heating of the 
ore is performed as quickly as is possible to be done by trans- 
mitted heat, and which is much quicker than the inserted 
pipe. The new form of reducing furnace adopted by Mr. 
Blair has several important features. The following is a 
description of it:—A vertical retort made of fire-bricks, 
with an external wrought iron casing, stands upon a cast 
iron entablature supported on columns. The retort is con- 
tinued below the entablature by a wrought-iron cylinder 
with water jacket, or, as the writer proposes, instead of one 
wrought-iron cylinder and water jacket, four small ones 
are suspended, and thus split up the hot sponge into 
small columns, by this means effecting the cooling much 
more quickly. At the lower extremity of each water 
jacket is a conical mouthpiece and valve, so that the iron 
sponge can be discharged periodically into any receptacle 
placed under. 

The lower part of the retort from where the gas is ad- 
mitted is larger-than the upper portion. This is done so as 
to form an overhang immediately above the aperture where 
the gas is admitted, thus forming a chamber round the 
mass of ore, &c., and allowing the gas to eate it uni- 
formly. At the top of the retort is an outlet for the escape 
of the gas after passing through the ore, which is connected 
by a horizontal pipe to a vertical one descending to the 
ground, and there connected to the chimney flue. In the 

orizontal pipe above named a steam jet is inserted, so as to 
form a vacuum in the top part of the retort, to induce a 
regular current of gas through the ore, &c. The retort is 
fed by an ordinary bell-hopper. 

The carbonic oxide is generated in a gas-producer placed 
a few feet from the reducing furnace, and connected to it 
by a flue of sufficient capacity. The gas-producer is 
circular in section, formed of wrought-iron plates, lined in- 
ternally with fire-bricks, and alee on an entablature, 
whieh, in turn, is supported to the requisite height by 
columns of brickwork. Below the entablature, and sus- 
pended from it, is a wrought iron continuation, tapering to 


* Paper read before the Iron and Steel Institute. 
were given on page 





+ Engravings of Mr. Blair’s furnaces 


ill be the object of this | easil 


a conical joieeinquinte allowing the ashes to be from 
time to time removed. 
Apertures for admitting air for combustion in “oe 
ucer are placed in its circumference, fitted with slide 
covers rs aoe of air. a 
i i le arrangements wi! @ proprietor 
in America of the Ponened guetiens, used it in preference to 
the ordinary Siemens’ one, as the admission of air is more 
ily regulated. The writer has used one of the circular 
ones described, and finds it answer the purpose equally as 
well as the Ponsard. The object of using a carbonic oxide 
is primarily to supply heat to the ore, &c., to be reduced. 
+ reduction is effected by — = is a secondary matter ; 
and in this point the process differs from other attempts 
where carbonic oxide has been used solely for reducing the 
ore. It will be poet Bed ae eae induce a 
stronger current of gas through the ore under reduction, the 
temperature in the gas-producer will be in , and the 
gas in time become hotter than required, the result being 
that the mass against which the gas ne in the 
reducing furnace, being almost entirely metallic, would 
become welded together, and so interfere with the regular 
working of the furnace. To obviate this, a very simple and 
ingenious arrangement has been made by Mr. Blair, by 
which the temperature of the gas can be kept at almost one 
uniform heat. The gas, after passing through the reducing 
furnace, is still almost entirely carbonic oxide, and on 
passing by the steam jet becomes mixed with steam ; in 
order to condense it a water spray is introduced at the top 
of the descending flue to the chimney. A little above the 
air apertures in the gas-producer are two pipes co i 
it and the descending flue, so that some of the gas whic 
has already passed through the reducing furnace can be 
again sent through the producer and used over again, 
and at the same time cool down its temperature. By regu- 
lating the slide covers of the air apertures in the gas-pro- 
ducer and the oe in the flue to the chimney, an equal 
quantity of air and gas can be supplied tothe producer. It 
is found, in practice, the two can be so that an 
almost uniform temperature can be maintained in the 
reducing furnace, and a saving effected in fuel ; in fact, by 
the cooling action of the return gas, any temperature can 
be obtained. The reducing furnace just described will 
reduce about 200 tons of ore to a metallic state weekly, the 
dimensions of the retort being 5 ft. diameter in the upper, 
and 6 ft. 6 in. in the lower part, by 16 ft. in height. The 
— of the whole structure 36 ft., and the cost about 


The fuel used in the gas-producer is coke ; and if the iron 
sponge made is intended for steel-making, the coke should 
not contain more than .75 of sulphur—the less the better— 
otherwise the ae will be affected by it. But where 
pure ore can be ,and coke from washed coal not con- 
taining more than the above-named/amount of sulphur, this 
form of reducing furnace is undoubtedly the best for pro- 
ducing iron sponge in large quantities, and the whole of it 
thoroughly metallic : 

In the autumn of last year the writer was requested by 
the Indian Government to reduce some of the iron ore of 
which there are large deposits some fifty miles distant from 
the Warora coalfields, the condition being that the ore must 
be reduced with Warora coal, a quantity of each having 
been sent over here from India. The ore is magnetic, very 
rich and pure, containing over 70 per cent of metallic iron. 
The coal, on the other d, is very poor, being a black 
lignite, containing about 15 per cent. of ash and 10 per cent. 
water, besides a great phos om of sulphur pyrites ; and it 
will not coke. From the nature of the coal, it was evident 
the form of ep furnace last described, where the 
heated gas was through the ore, was not suitable, 
and therefore the old form of furnace must be used, in 
which the heat is transmitted through the retort ; but here 
again some different arrangement must be made to heat up 
the ore more quickly. The writer ultimately concluded to 
abandon the inserted pipe or thimble, and divide this part 
of the retort into a number of smaller ones, so as to present 
as small a column of materials to the action of the heat as 
possible. A small furnace, some 21 ft. in height over all, 
was erected on this principle, with a reducing retort about 
18 in. diameter and; 10 ft. 6jin. high, and a cast-iron pipe 
on the top 8} in. diameter to heat up the ore. This 
furnace works well, and has been in constant operation since 
September last. Some twenty tons of the Indian ore has 
been operated on, and iron sponge of uniform and excellent 

uality produced, part of which has been since made into 

t-class tool steel, and some of it melted in a cupola into 

pig metal. The Indian Governmentare so far satisfied with 
the experiment, that the question of erecting works on this 
priuciple for the manufacture of iron and steel in India is 
now under consideration by the Council. Various other 
ores have been reduced in this furnace with the same uni- 
form result. 
Though of small dimensions, this reducing furnace is on 
the principle proposed for working with transmitted heat ; 
and in furnaces of larger diameter, the number of small 
heating retorts, placed on the top of the larger or reducing 
one, will be ine as the diameter of the latter increases: 
thus a reducing furnace of 3 ft. diameter will have four 
small retorts above it, and 5 ft. diameter will have seven. 
The top of the large retort is arched over against a circular 
key-brick, having a hole through its centre, one of the 
small retorts standing on the top of it. The remainder are 
placed round, each resting on two of the arches, so that the 
ore, &c., when heated, f: down between the arches into 
the large retort below. The spaces between the arches bein 
almost square, and the small retorts round, as is left 
at each corner, through which the generated from the 
ore under reduction can into the combustion chamber 
round the small retorts, thus helping to heat them. Tocool 
sa (vem sponge 20 anleniy 0¢ possible after reduction, it i 
split up into three or more columns ( 
e furnace) in {the wrought-iron cylinders below, each 
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cylinder being surrounded by a water jacket, through which 





a slow current of cold water is xd ; and on bei 
charged from the mouthpieces is sufficiently cool 
oxidation does not take place. A reducing furnace of this 
description, 5 ft. diameter and 40 ft. high, will reduce sixty 
to seventy tons of ore to a metallic state weekly, and the 
cost is about 600/. 


The cone. S poodeting inn sana: ty ite will 
vary according the locality in which the work ie carried 
on, but, with the large reducing furnaces mentioned, the 
cost will be about 22s. per ton, exclusive of the ore. it is, 

confiden gore 


pare, iron sponge made 
steel, the quality of 
which cannot be equalled by that made from the best brands 
of Swedish bars. In the case of ore which is not so rich, 
but still suitable for steel-making, the writer is of opinion 
the best way of utilising the sponge made from it is to melt 
it in a cupola furnace into pig metal, and while in a 
molten state pour it into a Siemens - i 

The pig metal 


and in this way convert it into steel. 
is manner will contain about 1.5 carbon, 


obtained in this 
and practically no silicon, the greatest amount of the 
ing 0.25, and the lowest 


latter yet tages j analysis 

0.19. this m is poured while molten into an open 
hearth furnace as proposed, there ought to be no serious 
difficulty in getting six heats from each furnace in twenty- 
four hours, in place of the two or three heats now obtained. 
Iron sponge melts readily in a cupola furnace, and the risk 
of oxidation is less than when it is thrown into a bath of pig 
iron in an open hearth furnace. The same remarks apply 
to the manufacture of wroughtiron. From the nature of 
the particles of iron in iron sponge being so minute, it 
cannot be balled up in an ordinary i urnace without 
considerable oxidation ; on the other hand, if melted in a 
cupola furnace, the resulting metal, containing so little 
carbon and silicon, if taken in a molten state from the 
cupola to the puddling furnace, very little rabbling brings 
it to nature. 

The molten metal can be made almost as shotaly 20 pi 
iron ; in fact, there is no reason why it should not ao 
as — The first outlay in tag and the wear and tear 
are uced to a minimum. To produce 100 tons of the 
metal per week, the cost of ge will be about 25001.—two 
reducing furnaces, two cu , fan or blower, small engine 
and boiler, hoist and ore er, being all that is required. 
There are many points not touched upon in this brief and 
somewhat yee description of the process and ap- 
paratus, but the question is one worthy the consideration of 
iron and steel makers. 

With regard to the action of the lime in accelerating the 
reduction of the ore to a metallic state, it certainly is a 
~~ help forward in the manufacture of iron ——_ 

hat its chemical action is has not been clearly demon- 
strated ; but it is remarkable that so small a quantity of it 
should produce such a tacceleration. Perhaps some of 
our chemists can explain the phenomenon? 








ON STEEL CASTING APPARATUS.* 
By Micuart Scorr, Memb. Inst. C.E., F.R.S.E. 


Tue object of this paper is briefly to describe an ap- 
paratus which has been successfuly applied to the Siemens 
open hearth steel melting furnace, in order to facilitate the 
casting of ingots, and to suggest its use, ina modified form, 
in Bessemer pits. The apparatus has been applied with 
Dr. Siemens’ aap to two 10-ton furnaces, at the Rail- 
way Steel Works, near Manchester, in June last, where it 
has given much satisfaction. 

The a consists of a spout or trough made of 
boiler plate, closed at both ends, and mounted upon a 
little crane hin to an iron column, upon which rests 
the ladle which primarily receives the metal from the 
furnace. The spout and crane are free to revolve on 
the vertical axis of the latter in a horizontal plane, and the 
moulds being arranged circularly around the column, 
the outer end of the spout is brought successively over one 
or more moulds, when the small s rs being raised by 
the levers shown, metal flowing from the ladle passes into 
the moulds. The small stop are then lowered, so as to 
close the orifices in the noz and stop the flow of metal 
through them, and the spout is turned until it is over 
another pair of moulds which are filled in a similar manner, 
and so on until all the metal is run. The mould may be 
arranged in one or in two or more concentric circles. en 
groups of moulds are to be filled, a single-ended spout 
with one stopper is employed, and the several gits are 
arran i ly round its vertical axis. The spout can be 
made of such dimensions that it can receive, as a ladle, the 
whole charge of the furnace, and the form may be i 
to suit different requirements ; but it has not been thought 

to describe other arrangements in the present 
communication. The a tus was started wi t a 
hitch, and has been found to work satisfactorily. 
In running open-topped moulds a pit of 15 ft. diameter 
was found sufficient for the produce of a 10-ton Siemens- 
Martin scrap furnace, and in a pit 18 ft. in diameter there 
is room for 38 moulds at a time, if in two con- 


‘secutive circles, the ingots weighing about 12 cwt.-each, 


or about 23 tons in all. As only about half such a number 
of moulds are required for a charge, there is ample time 
to remove the ingots and replace the, moulds, and by filling 
those on one side of the pit, the men working at the other 
side need not be exposed to excessive heat. The nozzle 
in the ladle head is 8 in. in diameter, and the nozzles at the 
end of the spout vary from 1% in. upwards. 

hen the s nozzles are used, the large (ladle) 
stopper should be lowered so as to diminish the flow till 
near the end, but it does not require to be closed, because 
the spout contains the metal ‘which flows into it during the 
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brief interval required to move it from one to another pair 


of moulds, when the small stoppers are shut. From the 
size of the nozzles the metal is run very quickly ; 
10 ean be poured into the moulds in seven or eight 


if necessary, and very little or no 
skulls are formed in either ladle, head, or spout. 

The stoppers are troublesome ; as I have said, the 

one in the ladle head once opened does not require 
to closed during the ing; and the spout stoppers, 
working as they’ do in a depth of only a few inches of 
sevatleally may beatizeed Guactis'ge leakage or spiling 
practi ii is no or spilli 
of metal, ‘ehich te so common when running from ordi 

If a cold set should take place with the apparatus 

described, it would indicate great carelessness, because the 
metal is run so quickly, and the flow does not depend upon 
the working of the large stopper when it has once been 
opened. Deseteer, provision is made for removing the 
metal from the ladle head should the stopper stick fast 
hefore the commencement of the run. 

The spouts are lined with tiles, and the lining is durable ; 
as they are secured to the crane by a single bolt, they can 
readily be removed and replaced, and they can be heated 
in a stove. At first sight one might be apprehensive that 
the metal passing along the spout would unduly cooled, 
but experience has shown that this need not be feared. As 
I have explained, the spouts are lined with a non-conduct- 
ing material ; they are heated, and should not be put on 
the crane until the furnace is ready to be tapped. Then 
the metal flows very rapidly and in volume, so that the 
cooling influence of the spout is very little felt. 

When the manganese is added to the charge in the fur- 
nace, the rapidity with which the metal is run out is an 
advantage, as the loss of m ese is less. When the 
manganese 1s added to the metal after it has left the fur- 
nace, the ap tus is not unsuitable, although, whilst 
adhering to the same principle, I would suggest other ar- 
rangements, but these do not fall within the scope of the 
present paper. 

It will be observed that, compared with running from a 
large ladle so far as the moulds are concerned, the head of 
metal is diminished and is always the same, thus producing 
uniformity in the flow, and reducing the splashing. More- 
over, the men teeming see what they are doing much 
better than when the mould, being filled, is underneath a 
large ladle, and the stoppers are so easily worked that the 
exact quantity of metal which is required can be poured. 

The spoat is moved with one hand with great facility, 
and even supposing the stoppers were leaky, the pressure 
of metal is so little that the loss would be greatly reduced ; 
but, in poinf of fact, the absence of spilling is one of the 
most satisfactory elements in the working of the apparatus. 
The extremely inexpensive character of the arrangement 
commends it to notice. The cost of the apparatus shown 
is only about 50/., which is far less than the ordinary 
system of ladles, carriages, and pits, and the cost of 
maintenance is in a similar proportion. The revolving 
spout also produces a decided economy in working. 

Application of the Revolving Spout to Bessemer Pits.— 
I su that we all admire Mr. Bessemer’s pit arrange- 
ments and apparatus ; indeed, he would bea bold man 
who would venture to alter their essential features. But 
minor improvements have been made, notably by our 
American brethren, led by Mr. Holley ; and amongst other 
things it has been shown how a very large output of metal 
can Fe obtained from a single pit with a pair of moderate- 
sized converters. 

This has been done when large moulds producing heavy 
ingots have been employed; but I am not aware that 
within a given time a great number of light ingots have 
been turned out; and yet, as in the case of tyre blanks, 
this is a result which it would be desirable to effect. The 
fact that in America light steel tyres are not so much used 
as with us, and the consideration that the system of castin 
heavy ingots has its advantages, may have prevented stee 
makers in that country from arranging their pits for the 
production of light work; and it is well known that some 
of our friends in mares are also in favour of big ingots ; 
but as good rails and,tyres can be produced from smaller 
ingots, some have prefe to eeonomise the power re- 
quired to reduce masses, and to cast them more 
nearly of the size of the finished product. ing in 
this direction, I now p to indi 


p te how the revolving 
spout preyiously described could be applied to facilitate 
casting in a Bessemer pit. 

To turn out a greater number of ingots, it is obvious 
that if we would avoid complicated and expensive machinery, 
more room would be required, and the tendency which 
a to exist generally amongst steel makers to 
their pits, shows that they that more space id 
he desirable. Engineers will acknowledge, as a rule, that 
crowding work into a limited space is disadvantageous, and 
asit may—not to say must—involve rebandling, it cannot 
be economical. If thisbe true as regards ordinary work, it is 
surely much more important when we have to deal with hot 
moulds and ingots, mere proximity to which is distressing 
to the workmen. All will concur in the view that the safet 
and comfort of the men should be carefully considered ; ro 
many can testify from experience that it is wise to consult 
their welfare even on the low ground of economic results. 


i] 
oa 





the crane were augmented so as to cover a proportionate 
additional s , the crane would become costly and un- 
wieldly ; in fillmg numerous moulds, it be diffi- 


cult to start and to stop in the exact position required. 
Therefore, for the purpose of ison, I have assumed 
a radius of 16 ft from the centre of the crane to the centre 
of the ladle. But I hope to show that, by the use of the 
revolving spout, this radius might be diminished, and it 

appears to me that a more simple and less costly machine 

might be substituted for the ordinary central crane. I have 

not had time, and, therefore, do not propose on the present 

occasion to go into this latter point; and as the crane 

usually employed is within limits a very efficient in- 

strument, I suppose it to be used in combination with the 

eo ee 

Considering the large output from a Bessemer pit, in order 

to provide for a variety of sizes of ingots, it might be well 
to make the height of the spouts variableat pleasure. This 
could —_—s effected by more than one method which 
will no doubt occur to engineers, so I need not occupy the 
time of the meeting by discussing them. 
_I have prepared two sketches which show typically how 
pits might be arranged with the revolving spout. In one 
there is shown, first, a circle of twenty-six moulds run from 
the top by a double-ended spout, 7 ft. 6 in. between centres, 
filling two moulds at a time ; second, two concentric circles, 
making together 50 moulds, run from the top by a double- 
ended spout, 7 ft. 6 in. and 6 ft. between centres, filling two 
moulds at a time; third, four groups of seven moulds, each 
group filled from below through a central runner by a 
single-ended spout, 5 ft. 6 in. between centres. 

These groups may be supposed to consist of tyre blank 
moulds, in tiers three high, in which event there would be 
in each group 21 moulds, in the four groups 84 moulds ; 
and if the whole pit were employed for casting blanks in 
this manner, there would be s: for 252 moulds on the 
floor ata time. If, on the other hand, rail ingots were being 
cast, then if in single circles, there would be room 
for 78 moulds at a time, which would cast a great weight of 
ingots—of course, if double circles of moulds were em- 
ployed the number would be augmented to 150. 

_ The second sketch shows a different arrangement, and 
single tyre blank moulds introduced. With the aid of four 
single-ended revolving spouts, each 7 ft. 6 in. between 
centres, come | sets of moulds may be filled, and as each 
set is composed of eight, there is thus room for 160 moulds 
at a time. 

The red circles show the radius of the ordinary central 
casting crane, supposed to be 16 ft. This would give a 
circumference of 100 ft. nearly ; off this let there be de- 
ducted, say, one-third on the side where the converters are 
placed, as more available for casting; this leaves 77 ft., 
and if moulds were placed 22 in. from centre to centre, 
there would be space for 42 moulds. This would not be 
much more than half the number with the spouts if in single 
circles, or a little over a fourth if in doubie circles. 

Then casting in groups. Assuming gronps of 7 moulds to 
measure about 7 ft. from centre to centre, with an ordinary 
central crane and a pit about 40 ft. in diameter, there would 
be _— for 11 groups or 77 moulds, but fhe increased size 
of the pit would not be convenient when running open 
topped moulds, whilst with three revolving spouts, opera- 
ting in circles 17) ft. in diameter, there would be space for 
12 groups or 84 moulds. 

or Casting Blanks in Single Moulds.—If the sole plates 
were arranged radially and closed together, an ordi- 
nary ladle crane might command 12 sets of 8 moulds each, 
ual to 96 moulds in all, whereas the sketch shows that 
with four spouts there would be room for 160 moulds. 

The system possesses very considerable flexibility, for the 
columns bearing the spouts could be shifted as required, 
and spouts of different lengths being available the arrange- 
ment of moulds might be varied at pleasure. For casting 
light ingots there would be ample space, and for heavy 
ingots there would be more working room and better 
ventilation than in ordinary pits. 

When running from the top, if the revolving spout were 
employed, for every two moulds filled there would be a 
weight of about 13 owt. moved over 1 ft., and the flow of 
metal from the ladle never stopped, whilst in the case of 
the ordinary arrangement there would be a mean weight of 
about 8 tons to move twice over the same space, and the 
flow of metal shut off for every mould. The cost of a re- 
volving spout and the supporting column would only be 
about 501. I have not shown ingot lifting cranes, as they 
may be of the usual kind or otherwise. 








MANUFACTURE OF BESSEMER STEEL. 
On the Manufacture’ of Bessemer Steel and Steel Rails 

at the Works of Messrs. Brown, Bayley, and Dizon 

(Limited), Sheffield.* 

y Mr. C. B. HoLianp. 

Ir is natural to suppose that any person giving a descrip- 
tion of the manufacture of Bessemer steel is convineed that 
the process which he employs is the best. This, however, 
it is not my intention to claim, nor is it, so far as I can see, 
the wish of the Society which I have now the honour of 
addressing. The object of our meeting, as I understand it, 
is the diffusion of that knowledge which is so desirable and 
y for the benefit of all, and it is on this account 





In , [may refer to the fact that, if lds are 
worked very hot, the ingot is not so readily detached from 
them as when cooler; and hence the moulds, and conse- 
quently the ingots, require to be more tapered, which is 
not advantageous either for hammerjng or rolling ; but by 
having plenty of room in the pit, more moulds may be in 
work, and as they would not require to be filled so fre- 


quently, they would not become so hot. 

From the great weight to be carried, it would not be con- 
venient to increase the radius of ladle 
ordinarily constracted. Indeed, 
radius of, say, 16 ft., 5 or 6 ton ¢ 


central crane, as 


easil 


80 
that I venture to lay before you a description of the manu- 
facture of Bessemer steel and of Bessemer rails, as 
conducted at the works which I nt. 

Therearemany things which we claim, and which we derive 
benefit from ; there are others which, from our position, we 
feel we are unable a oy same time, I have 

in placing the particulars of our processes before 
you, and shall be very pleased if the discussion on the 
subject which follows gives rise to anything of a general 


whilst with .the usual | benefit 





On the Manufacture of Bessemer Steel.—The Bessemer 
plant at the above works consists of two pits, each pit and 
its appliances inclading four cupolas for melting mg iron, 
and two for spiegeleisen ; a pair of 8-ton converters with 
hot-blast stoves ; an ingot pit with centre ladle-lift ; a pair 
of 5-ton hydraulic cranes, and a pair of 1-ton hydraulic 
cranes. 

The cupolas for melting pig iron are of a diameter of 7 ft. 
inside the casing, and of a total height of 87 ft. There are 
two rows of tuyeres, one about a foot above the others ; 
three tuyeres of an inside diameter of 54 in. in each row; 
the bottom row is placed 5 ft. above the tapping hole (and 
the bottom of the charging hole is 15 ft. above this bottom 


row of tu , or 20 ft. above the tepping hole). The 
lining of tapping hole to about 4 ft. above the top row 
of tuyeres is of the most silicious gannister stone that we 


can procure, the dried sample containing about 93 or 94 per 
cent. of silica, and 3 or 4 per cent. of alumina. From thi 
— (4 ft. above top tuyeres) upwards the lining is of fire- 
rick. The inside diameters of the linings are as follows : 
At the bottom (tapping hole level) 5 ft. tapering inwards to 
4 ft. at bottom tnuyeres ; this diameter is preserved for about 
5 ft-, or tothe top of stonework, from which point it 
tapers outwards to 4 ft. 6in. at the charging hole, which 
dimension is maintained to top of cupola. 
The cupolas for melting spiegeleisen are of similar con- 
struction, but proportionately smaller. 
The converters, placed in the usual English position with 
respect to the pit (t.e., they turn down towards each other), 
have a diameter of 8 ft.4in. at the trunnions inside the 
casing, or 6 ft. 10 in. inside the lining, the thickness of 
which is 9 in.; they are’ tipped by vertical hydraulic 
cylinders placed in the masonry below the trunnions, of 
such a length as will allow the vessel to rotate nearly 
seven-eighths of a revolution ; by this means, at the end of 
each blow, all the slag is effectually turned out, and the 
converter may be placed in almost any position for repairs. 
The pinions on the trunnion ends and the racks which gear 
into the pinions are of steel, the teeth being slotted out of 
the forged bar. The tayere blocks are removable from the 
vessel bottoms, and consist of a bottom plate, 3 in. thick, 
containing 15 holes through which the tuyeres (each 22 in. 
long, pierced with 13} in. holes) are placed ; the space be- 
tween is rammed up with gannister in the usual way; they 
are dried very gradually in stoves for about 80 hours, and 
when required to be used are lowered into the vessel bottom 
as hot as possible by means of an overhead crane, the vessel 
being placed in a vertical position bottom upwards. After 
being secured by means of set screws, the vessel is turned 
round, and the annular space of from 2 in. to 3in. round 
the block is filied up with ‘‘ slurry,” a liquid mixture of 
gannister and water. The operation of changing a block 
takes about half an hour, and they require about five hours 
to dry ; but as they invariably run six or seven, and often 
as many as eight or nine ‘‘ blows,’’ and as our rate of work- 
ing has never exceeded fourteen ‘‘ blows’’ in the twelve hours, 
the vessel with the new block is dry and va Be use by 
the time the other vessel requires a new one. e hot-blast 
stoves in connexion with the converters are situated on the 
outside of the blowing-stacks or chimneys, which usually 
carry the flame away from the converter mouth to the 
atmosphere. 

The flame or hot gases discharged from the converter 
mouth rise and become diffused in the blowing stack 
(covered over to prevent their escape upwards), and enter 
the first of the two chambers of the stove through a door- 
way in the side of the stack, the passage of the hot gases 
being regulated by two dampers, one placed on the top of 
the second chamber at the end nearest the stack, and the 
other on the top of the blowing stack itself. The pipes are 
sixteen in number (eight in each chamber), and 16ft. long, 


of the ordinary U pattern, and give a heating surface of 
1712 square feet. Stoves of a similar description are 
attac’ to each of the four converters, and the valves, 


pipes, and mains are arranged in such a way that the 
cold blast can be passed through either one or other of 
the stoves on its way from the blast engine to the cupolas. 
The ingot pit is semicircular, of 17 ft. Gin. radius, and 
4ft. deep. The ladle lift, which is moved round by hand 
wer, has a lift of 6ft. The ladles (four in number) are 
ined with gannister of the same composition as that used 
for the vessels. The ingots for rails are 1l}{in. square, 
and for the most part are cast upwards in ps of 
sixteen. The bottom on which the moulds are p con- 
sists of a slab or plate of cast iron, 13ft. long and ?ft. 
wide, formed to suit the curve of the pit, with a recess 6in. 
— and 3 in. deep in the middle for a centre brick (over 
which the guit is secured), and from which on each side run 
lengthways to within 6in. of each end of the bottom, main 
channels containing firebrick runners, communicating with 
sixteen branches, the hole in the end of each branch looking 
upwards, over which hole the moulds are placed, ponnlg 
a double row of four on each side of the centre piece an 
guit. There are two such groups in each pit, one under 
each crane, and the ingots are cast in them alternately. 
The two 5-ton ingot cranes having a lift of 8ft., and ji 
20 ft. long, are on each side of the pit in such a 
ition that of its edge is swept by each of them. 
he two 1-ton loading cranes are placed on the wall, one 
in front of each of the 5-ton cranes, arranged in such a 
way that they can pick up ingots, &c., deposited by the two 
former. They have a lift of 6ft., and the jibs are 12 ft. 


long. Whovenie dayu-ene: cnpgented be evertued Seas ' 
tte the wall, to which they themselves are secured ; 


attached to 

by this means the bottom gland used in the 5-ton cranes 
(where there is no over bearing) is dispensed with. I 
should strongly recommend those people who are inclined 
to convert their iron works into works to adopt the 
American plan of three cranes, instead of two, for the 
pits, so as to enable them to clear the pits sooner than we 








are ly manage- 
increased to 10 tons, if the radius of 


able, with the charge 
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can. . 
The blast for all the cupolas is supplied by a single-cy- 
linder horizontal blowing engine, with a steam cylinder of 
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36 in. diameter, an air cylinder of 80 in. diameter, and 


a stroke of 7 ft. 
The blowing engines are vertical, and were constructed 
by Messrs. Jobn Galloway and Sons, Manchester; they 


have a pair of steam cylinders of 40 in. diameter, a pair of 
blast cylinders 54 in. in diameter, and a stroke of 5 ft. 
The hydraulic pressure for the Bessemer machinery is 
roduced by a large horizontal pumping engine, made by 
sy Walker, Eaton and Co., having a steam cylinder 
of 46 in. diameter, and a stroke of 8ft. The pumps are 
laced one at each end the of large steam cylinder, and the 
S moter of the piston rod, the ends of which form the 
lungers for the pumps, is 9in. The steam valve for the 
ge cylinder is moved by a smaller steam cylinder, the valve 
of which is actuated by a ‘‘ tappet’’ or double-ended lever, 
deriving its motion from a roller fixed in a crosshead on the 
end of a small rod attached to the piston of the large cy- 
linder. A smaller pumping engine, of the same type, with 
5-in. rams and 4-ft. stroke, and a pair of donkey pumps by 
Messrs. Galloway, of Manchester, act as auxiliaries, and 
with two accumulators, one with a ram 24in. in diameter 
and a lift of 14ft., the other with a ram 18in. in diameter 
and a lift of 10 ft., weighted to give a pressure of 450 Ib. 
per square inch, comprise the hydraulic power of the plant. 
The mode of working is as follows : One cupola for melt- 
ing pig iron is used at a time; this is filled up with coke to 
the level of the tuyeres, and the charging is then conducted 
in the following proportions : First, fifteen pigs, then three 
baskets of coke (from 1} to 3 cwts.), then another fifteen 
pigs, and another three baskets of coke, and so until the 
cupola has received three entire heats, or 24 tons, after 
which the charges are increased to twenty-five pigs and 
three baskets of coke alternately, and this proportion is 
maintained until the cupola is blown out, a sufficient 
quantity of limestone being added with each charge to give 
a fluid slag. The blast is ed to a temperature of from 
400 to 500 deg. Fahr. with the waste heat from the con- 
verters in the stoves already described. To gauge the size 
of the heat slag holes are used, placed at such a height from 
the bottom of the cupola that the well just holds the 
requisite charge. From this hole the slag is drawn off, and 
as soon as the metal appears, the ‘‘ heat’ is tapped out 
into the converter, and after being blown, and the spiegel- 
eisen added in the usual way, it is poured into the ladle, 
and cast into ingots in the group. The 5-ton cranes are 
used for clearing the pit of all rubbish, for adjusting the 
ingot moulds on the bottoms, for removing the same after 
casting, and for lifting the ingots out of the pit, two at a 
time, and placing them within reach of the 1-ton cranes, by 
which they are loaded singly while still red hot, on hand- 
— for charging direct into the rail mill furnaces. 
ince we have used hot blast exclusively (i.¢., from the 
commencement of the present year) in melting our pig iron, 
the average quantity of coke consumed per ton of pig iron 
r has been under 1 ewt. 1 qr.15 lb. During the week 
ending February 23, in one pit 1079} tons of pig iron were 
melted with 70 tons of coke, or1 ewt. 1 qr. 53 1b. perton of pig 
iron charged ; and during the week ending March 16, in 
oy pits, ee pis a ib were melt 4 with - low y 
of coke, or 1 cwt. 1 qr. . per ton of pig charged. 
These figures include all coke waol te ting - Bee m4 
With respect to the time required to bring the charge 
down, a heat of 8 tons has been melted frequent. ly in half an 
hour ; but as this is very much quicker than is necessary 
for our requirements in the pit, we prefer to work the 
cupolas slower. In our usual practice, the time occupied 
in melting, fromthe making up of the tapping hole until 
the metal appears atthe slag hole, is about forty minutes. 
The cupolas will melt from 600 to 800 tons before the 
lining gives way, so that two are required each week ; the 
second one, however, is often patched, and serves for half 
of the week succeeding. The converters usually run from 
2500 to 3000 heats per pair without relining ; as many as 
1800 have been blown from one lining. The ladles require 
lining after every 25 heats. 


one pit, from one pair of con- tons cwt. qr. 

verters, the largest single turn’s 

work has been... - ap 108 14 0 
The largest week’s work , 1023 6 0 
In both pits, from two pair of con- 

verters, the largest ,week’s work 

has been 2020 9 1 


The form of bottom for casting ingots, and the arrange- 
ment described, has now been in use at these ,works for 
nearly three years, and the results therefrom have been 
very satisfactory. in every respect. 

On the Manufacture of Steel Rails.—The rail mill plant 
consists of the ordinary heating furnaces, a three-high 
roughing train, and a two-high reversing finishing train: 
the centres of rolls are 24} in. apart. The roughing train 
is driven by a large horizontal engine, having a pair of 
steam cylinders, each 36 in. in diameter and 48 in. stroke, 
and a flywheel 25 ft. in diameter, and weighing about 
30 tons. It is connected to the pinions by means of a pair 
of steel couplings or “‘ crabs,” the fast one, or the one 
keyed on to the shaft of the engine, being secured to 
the loose one, or the one that receives the spindle 
end, by eight 2} in. turned bolts. The spindle and box 
between engine and pinions are also of steel. The 
Pinions are of steel, having a width of tooth of 24 in., 
and a pitch of Gin. The spindles between the pinions 
and the rolls are of steel and the boxes of cast-iron. The 
middle roll made of steel always runs in the same line 
as centre of engine shaft, and the top and bottom rolls 
(the former of cast iron and the latter of steel) are adjust- 
able to it. The housings are of cast iron, but the chocks, 
guides, guards, and cramp bars are of steel; the brasses 
are deep sided, so that side-chocks are dispensed with. The 
roughing rolls are 7 ft. long in the body, and are arranged 
for ten passes in such a way that one set of rolls will suit 
all seetions of rails; they are never changed except when 
oe eS trimming up, or in ease of break- 


In front of the rolls is a revolving roller drawn by 








means of friction gearing, and under the control of one of 
the men, by which the ingots are carried into the bottom 
grooves. hind the rolls is a table 24 ft. long and 10 ft. 
wide, supported at the back, on the same level as top of 
the middle roll, by a pair of links: a second pair of links 
attach the front end of the table to the housings, in such a 
way that the table, in lifting, is drawn forward to the rolls 
radial ly from the fixed centres of these links, and for the 
first three or four the ingot is actually thrown into 
the top grooves without any assistance from the workmen. 
The lifting is effected by a 10-in. steam cylinder bolted to 
the sides of one of the housings, transmitting its power to 
the front end of the table through leverson a rocking 
shaft. The finishing train placed at the end of the rough- 
ing train, at a distance of about 2 ft.from it, is driven by 


Galloway and Sons, and have a pair of steam cylinders, 
each 36 in. in diameter and 54 in. stroke; the power is 
transmitted from the engine shaft to the shaft which 
drives the rolls by steel gearing having teeth of 6 in. pitch 
and 21 in. wide ; the wheels are arran; aslto 2}. The 
couplings or crabs, boxes, and spindles, are exact dupli- 
cates of those used in the roughing train. The finishing 
rolls are 4 ft. 6 in. long, and are for five passes, 
the working position of these holes being 1 ft. above the 
floor line. se rollers running on the mill floor are 
used on both sides of the train for carrying the rails 
backwards and forwards to it, and a series of fixed rollers 
placed about 10 ft. apart, driven by power, carry 
finished rolled rail down to the saw under the loose rollers. 
The hot saw, 3ft. 6in. in diameter, making 700 revolutions 

er minute, is placed at a distance of 66 ft. from the rolls, 
But as the cutting level is on the mill floor, and the rolli 
level a foot above this, the rolling and sawing are carri 
on simultaneously. There are two hot banks, one on each 
side of the saw, which are filled alternately ; by this means 
the rails are well pee before they are taken 
to the machines. The strai ining, xaene, and snipping 
machines are by De e and Co., Tannett, Walker, 
and Co., and Buckton and Co., of their usual types; and 
these, with a cold saw and rail-ending machine by the 
latter maker, and six drilling machines by Buckton and 
Son, of Bolton, each arranged for drilling two holes at 
once, complete our rail-making plant. 

The mode of working is as follows: The ingots loaded 
on to the mill bogies in the Bessemer shops, red hot, are 
transferred as quickly as possible to the rail mill furnaces, 
and after being heated are rolled off direct into rails, the 
number of lengths varying according to the length of rail 

ui Our usual practice is, three lengths for 20 ft. 
ils and under, and two lengths for all above, up to 30 ft. 
The furnaces will take seven ingots in a charge, and turn 
out five charges per turn. The rails, after being rolled, 
are carried down from the rollers on the rollers described, 
straightened as far as possible on hot bank, and afterwards 
finished in the usual manner. 

Our output from the mill varies according to the lineal 
weight of rail. 

The largest single turn’s work 

(10} hours) has been... 


tons ewt. qrs. 
oe 196 
The largest double turn’s work 


11 1.20 


(21 hours) has been ... eos 886 14 2.25 
The largest week’s wor 1571 5 2.0 
Pounds per Yard. 
Of these 588} tons were flanged des by 
«71h «= } shall headed 80 


And during this week the finishing rolls were chan 
four times. The number of rails rolled was 6154. The 
total number of hours worked was 105, butas 6 hours 
were occupied in changing rolls, the mills were only run- 
ning 99 hours. The rate of rolling, therefore, was as 
follows: 586 rails per turn of 10 hours, or 62 rails per 
hour, or 214 rails more than one rail in ev minute 
that the machinery was in motion during the week. 

I now beg to say that what we may claim is, that we have 
succeeded in making bottom casti a success. The ad- 
van of this plan are, ‘that the ingot moulds will last 
considerably longer than by the process of casting from the 
top, and that the weights arrived at, for each ingot, are 
nearer to the weight of the rail required, thereby effecting 
a saving in the crop ends. 

We may also congratulate ourselves on the process em- 
ployed of heating the blast, which saves us at least 2 cwt. 
of coke per ton. Diagrams of this I have laid before you. 

With regard to our employing a three-high mill for 
roughing and cogging, and a reverse mill for finishing, I 
consider that it gives the following advantage, viz-, that 
we take the ingot direct, and rough and cog it in one mill, 
which mill is so adapted that it willsuit any section of rail, 
and is so placed that the cogged bloom can be passed over 
to the finishing mill without being reheated. If you rg iy! 
a reverse mill for roughing and cogging, there must a 
loss of time and of steam. For example, take an ingot of 
4 ft.6 in. to 5 ft. long, weighing 13 cwt. to 14 cwt.; by 
employing a reverse mill for cogging, of 3 ft. diameter, one 
half turn of the rolls should accomplish the labour ; but 
a wanece, one turn, at all events, of the 
rolls should suffice to bring it down to the requisite length 
for the next hole. This by a three-high mill is obviated, 
and the amount of power used is not greater than is 
required. The disadvantage of a reverse mill of course 
disappears when the bloom is turned out of the cogging 


mill a considerable " 





TRAMWAYS IN Paris.—It is stated that the two Paris 
tramway companies—the North Parisian and the South 
Parisian—are about to amalgamate. Neither of these 
companies pays any dividends, although they earn a con- 
siderable revenue. The South Parisian Company has ex- 





pended 11,0001. per mile in the construction and equipment 
of its network, 





a pair of Ramsbottom’s reversing engines, made by Messrs. 820, 








FOREIGN AND COLONIAL NOTES. 
American Mechanical Industry.—The Herreshoff Manu- 
facturing Company, of Bristol, Rhode Island, has con’ 
to build a gunboat for the Spanish Government. The gun- 
boat is 135 ft. in length, of light schooner rig, and will carry 
one steel rifle gun. 


The St. Gothard Tunnel.—At the close of Feb a 
1878, this great tunnel had beeen pierced fur an aggrega 
length of 11,004 yards. So far as the centre boring is con- 
cerned, the works are not much in arrear, but the masonry 
works have fallen far behind the time specified in the 
original contract. The original estimates will also be 

ly exceeded, and to provide for this difficulty Switzer- 
land promises to contribute an additional subscription of 
i. Germany and Italy also promise 40,0001, more 


Victorian Gold Mining.—The yield of gold appears to be 
steadily declining in Victoria, Australia. In 1877 Soe Ire 
duction amounted to 792,839 oz., while in 1867 it at 
1,493,831 oz. The number of miners at work in 1877 was 
only 38,882, as compared with 65,857 in 1867. As Victoria 
has advanced in material prosperity during the last decade, 
many of the miners have probably applied themselves of late 
years to more reliable pursuits than gold mining. 

Steel Rails on the Chicago and Alton.—The Chicago and 


Alton Railroad Company is s' ly proceeding with the 
steel railing of its track. In 1877, 324 miles of the line re- 


the | ceived steel rails; and at the close of last year there were 


417% miles of line in the main track laid with steel. 


Rolling Stock on the Union Pacific Railroad.—The 

mipment of the Union Pacific Railroad now consists of 
168 locomotives, 169 passenger and baggage cars, and 3107 
freight cars. The increasing freight business requires more 
cars, and the company have contracted for 250 box vars, to 
be delivered early in the spring. For the same reason 
more motive power is selek) and ten locomotives have 
already been contracted for. ; 

Bridging the Missouri.—A bill has passed the United 
States te to authorise the construction of a bridge over 
the Missouri, at or near Glasgow. 

The French Iron Trade.—A slight advance in some de- 
scriptions of iron may be reported upon the Paris market, 
but in the Nord, the Haute-Marne, and the East of France 
there is comparatively little doing. Not only are prices bad, 
but purchasers are also very scarce. 

The Suez Canal.—In the ten days ending March 20th, 
the number of ships passing th: h the Suez Canal was 
fifty-eight. The transit revenue collected during the same 
period was 42,4001. 


Paris, ons, and Mediterranean Railway. — There 
are now + miles in operation upon this vast French 
system. 


Iron and Steel Rails.—In his last annual report Presi- 
dent Gowen, of the Philadelphia and Reading Rai 
Company, discusses the relative economy of iron and steel 
rails. In commenting on a table showing the number of 
tons of iron rails annually worn out since 1868, he says : 
‘* Notwithstanding the enormous traffic of the oom 
out of 150,787 tons of rails made at the rolling mill an 
laid on the track since 1868 inclusive, but 25,8514 tons, or 
17.10 per cent., have worn out, a result which fully 
justifies | the wisdom of adhering to good iron rails during 
the periods when the difference in price between iron 
and steel was so greft as it has been in all years prior to 
1877.” 

Australian Railways.—At the commencement of 1877, 
there were 2810} miles of railway in the various Austra, 
lasian colonies. 

Belgian Steam Shipping.—The John Cockerill Company 
has just commenced the construction of three steamers, 
each of 1000 tons to 1100 tons burthen. The steamers are 
to be employed by the John Cockerill Company itself in the 
conveyance of minerals and raw materials. 


Steel Rails in the United States.—The Pennsylvanian 
steel rail mills are actively a and with large con- 
tracts on their books for spring and summer delivery, they 
are indifferent about taking now orders, unless some 
inducements are offered in the way of higher prices. The 
market is steady, and prices are firm at 42 dols. to 43 dols. 
currency per ton at the mills, according to quantity and 
section. 

Melbourne Harbour Trust.—Sir John Coode has ac- 
cepted an offer of the Melbourne Harbour Trust Commis- 
sioners to visit Melbourne, with a view of reporting upon the 
best plan of securing direct water communication between 
Melbourne and Hobson’s Bay. 

Railways in New Zealand.—In the year ending No- 
vember, 1877, inclusive, there were 924 miles of Government 
railway in operation in New Zealand. The receipts of the 

ear were 166,9331., while the working expenses were 
42,3111. The ratio of the working expenses to the traffic 
receipts was thus as high as 85.26 per cent. 

The French Coal Trade.—The coal trade is very dull in 
the French department of the Nord and the Pas-de-Calais. 

Saarbruck Coal.—In 1877, Saarbruck coal was disposed 
of to the extent of 4,404,000 tons. The corres les 
in 1876 were 4,450,000 tons ; and in 1875, 4,173,000 tons. 


These indicate that the German coal trade, as well 
as the i and the French coal trade, was dull last 
year. 

Gas in Paris.—The net 


oi vting and Heating, by” Gas 
Parisian Com ‘or y Gas 
tun fo 10, andthe ind ers fon the 
com: "ss or the is a Tra 3 
cor eanuan.. It is right 0 observe that the company has to 


i re ity of Paris ; 
eitetete tee. unheineliig or 187 was 334,001. = 
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METALS. 
£ 8s Zz & 
Antimony Oss (perton)— 12 © i (8 
Reguics (star) ....... 9 (O° so 6 
Brass (per ib.) — 8. da, s. 4. 
ShIets 4B XP covcoceeveeee 8 G ° 9 
VOlOW Metal crccccccevcoree @ Of e 7 
Oastines, TYN# AND CLEVELAND 
(per ton) — & 4. zs 
GUTAOLS cevccsccrccersereesseree § 0 6060 
Chairg .. a a | | 4 § 
PUPOS .covsccccrcercossercceceres § 8f s te 
Com . oar ton)— 
= coccscetecscnccecn 68 280 63 © 
oan sb ghestocees 0 e 6UCU 
Rnalish tough, best. qo 12 m «0° 
oe BRBOR .issccresencss 08 © 79 © 
Sheets, &c. . 73° 74 #0 
BOOMS .10.00-c0r0s.c0-s0r00r 719 © GO © 
[won Ones (per ton)— a. a. s. a, 
Red hematite, British um 6 3 «°@ 
puddiing 16 o 7 «(Ce 
In ” Pie (per —— 
Barrow No.1. o «(65 ‘o 
e No. 6 63 © 
No. ° 62 © 
Cleveland No. 1. 6 44 C~< 
” ” Y eo ° 
” ' eo © 0° 
’ ” ° ad ° 
Other qualitios ........0008 o 0 @ 
Welsh (South Wales) .,, 2 eo 8 @ 
» (North Wales) .,, ° % 
No, li No. 8. 
Bcotch Pig— a ¢ s, 4, 
G.m.D., AEGIASZOW vreeveree Gt 6 so (8 
Gartshersle ....rc.c000ceeee $8 © $3 6 
Ool 63 «6 ss 6 
8 ries - .£--if 
LADZIORD crs.sererreerserseree 09 6 $3 6 
Oarnbroe . ssesecccssccsceseeses $3 6 gt 66 
Moankliand $2 ° it) 6 
Oly e.reccorcccccscessocccssores §§ 6 gt 66 
Govan, at B Wee §3 © gt 6 
Calder,at Port Dundas... 57 6 gt 6 
oS at Ar. 
drossa’ sersseesesccensce $27 O §2 6 
g2 6 go 6 
et i. 
Oarron, at Grangemouth oe | 4 °@ 
Ditto, specially selected = ° - 
Shotts, at Leith .....0.0000 ¢ ss) 6 
Kinueil, at Bo'ness. fi ° 
(The above all igen af alongside). 
s. @ s 4, 
peepeive seecssse-coseerse OF @ 86 © 
Nor Staffordshire ,,.,.. 50 © % °@ 
° 7 .¢@ 
Torkshire Thornaby pig. 60 @ O65 © 
Midsdale Nos.land?.., 909 © 100 © 
Iaon, Waovent— £s a « 
Cleveland angies.., $7 6 0 
6 rm. $ 12 $s 15 
» puddied bars $f 4 0 
” boiler plates es 7 15 
” raila .., i 1° $ 1s 
” ship plates. s 6 10 
sheets } 10 7.42 
Bec »toh bars ...... 5 6 10 
nail rods, 7° 7 10 
Staffordshire bars 7 10 8 e 
” 8 oO 8 te 
” 9 10 me 
8 o@ ° 
Wel sh rails aw. H to H ° 
” ° 6 10 
»  bdoiler plates, 5.W. ° 1 e 
” hoops, 8.W. weeeee co 8 
LSAD (per ton) — 
Soft Kata p - Fy scscecssoree BY = § 1) 10 
Asics 88 © 19 «68 
Spanish recrueccsssesveenee 17 8 17 § 
Sheet ..,,..rc0rcereesscsereecee 18 16 19 © 
PHosPaoR Baowas— 
(POT CWE) ncsscrseerenceenne § 22 7° 
‘QUIOKSILVER (per bottle) 7 0° 7 3 
Scrar ( )— 
Old rails for re-manu- 
EMOLUTO croccrcsarccresceeres § © 6 2 
Sexurea (per ton)— 
Silésian, ordinary ......... 138 § 1% 10 
SPiee SLBISEN (per ton,— 
BOGE... ..0.cr cesccercoccccceccocce ° 6 «@ 
ove ° $ 
Sree. (per ton)— 
Best cas 7 aeereng e ec 
" doubie's qeneqeee rH ° $6 
ugle om, nn © so 
Eaglish spring concen 06 © 88 © 
BUStOr ose isrcssseseerseveere 08 © C8 © 
MILAD sisiss.ccreccsnatereveee 988 10 gO O 
Bessemer asscecsersere «86 © 7 1 
” — a me | | 1 10 
” ee me | | 10 66 
” billets ccoccsccccss FOS 8 s 
ve EBON nsrcrerenee 9 © 7° 
Sres. Castings (per cowt)-- 
Hydraulic cylinders in 
> rough not to ex- 
6 ft. in length, s. 4, s 4d, 
= ° 28 (Co 
Do, do “huished digas °° 34 ° 
Pinions and on wheels S ° ° 
Hammer “ad 
omen 5 Sn owt. 
eoreescoseecsossoces > > =. 
anions for rivetti 
machines, aes 1p to 
CW .ncie sraghorrccsetececcoses ° ° 


PRICE LIstT 








STEEL CASTINGS - Continued 8. 
Side cranks, cross heads, 
crane wheels, engine 
























slites, &c. 4.2 go (8 
Tumbler bars and other 
castings for —s 

PULPOSSS .., crsecereeeeeee 20 «0 26060 
Swepise [80n (F.o.b.) at 

Gottenburg — £ 8. £ &. 

PIG ..arcorceccosccccscsnccesces § © $ 10 

Bar rolled......... > oe: 2's 

» hamme eo eceseeccesss §12 ° 4 #°@ 

a - (per = 

trai eabe ° 63 § 

1> © @ 

o © °@ 

° 8 0 

° jo © 

o 38 @ 

o 4% § 

a4 ss @ 

° 35 © 

° $2 © 

° ar © 

te” cecccscccséccccccssse 90 © 98 

Zinc (per ton)— £ «4. z 4, 

Sheets, English .... 2206C(«8 a 

WIBB, Fencing ...csereceee 10 1 3 

+» Telegraph (galvan'sd) 16 10 9 «@ 

COALS AND COKE 

s. s. 4, 

10 @ 2 (0 

9 0° 1 6 

8 oe to 6 

8 o zm @ 

8 6 im 66 

7 © 10 @ 

8 6 m 6 

9 °¢ 1 «68 

ceccsoccscccccecesces 9S @ 1 @ 

Cleveland .reccscssccsrerseeree 9 © 10 66 

Durh 20 «(8 22 


OILS, GREASE, Ne eer =p 
















OLLs (per Sn EEE 8. 
Seal, — eoee as 3 ° > 
32 0 323 10 
73° . 
s$ © #§ 
$3 @ $3 10 
2 he 39 «© 
GLB ..,..s.ccccccsesceresccerersee $0 @ 88 © 
PeTRoLEuUM— s. de d& 
Fine (wor BAllON) accoceree 9 OF eo of 
ee -sesesccecsecceces, O Jf e 69 
Pirou Sa or owt)— 
eteccccvccnccccccctnvee 8 © 9 10 
= b ° 9 (0° 
PLumBaGo — cwt.j— 
Ceylon lump , 1o 6 160 
».. chips m $3 1 66 
oo ~~ Gust, 12 © 1 69 
RalbwaAr Garase (per 
Cwt.)—B0se's 2... 28 © ec U8 
Pritchard, Offer one Co.’s 
CONCONtTAEM ....c0000008 $0 © co 
Resin —* cowt.)— 
coccccccoocccesecocss «89§ | O a 
PR oan (per cwt.) 
N. American aoscccserceee $9 6 4° ~«O 
8. American beef ° 4° (0 
sheep... eo o 49: 3@ 
Assiraitan =. 6 42 © 
6 4° 0~«C 
6 39 © 
° 39 66 
° 1%) «CG 
Tar—Stockholm (per bari. ) a” oe. ae 
Archangel........... “a evens. 166 «(6 eo 6(C8 
TURPENTINS —Spiri 
American (cas > a allen ae. 2 33 ¢«&@#W 
WIPINGS, engine (percwt, 20 o@ g5 o 
CHEMICALS, &e. 
ACcIDs— a. 4. s 4, 
pa men (per lb.) ..... 0 44 °e 6¢s 
phuric acid (per Ib.) o j e rf 
Sulpharic acid, brown... o 0 o of 
AMMoNIa— Muriate (per £ 8. & 4&8, 
i) .disecccccsccsscsecee scccste 99 © g6 © 
ARSENIO— od es @ 
White, lump (per ewt.)... 24 © 2g © 
Powdered (percwt.) .. 10 6 mz 
a ee powderpercwt 6 «4 6 6 
RAX—refined (per cwt.) 3 ry 3 6 
8. 8. 


Barusronn ton)— 
Ro — 








$ toe $ 15 
11 10 13 10 
Biciscmeannepinan @ © 9 1 
CorrERAs — “green (per 
COM) —...ccorcccccrserereceres $0 © ss @ 
-— — Sulphate ‘oer e ©. & & 
WE.) acecscscccccccecscccccss 39 6 20 
i Saxts, &0., (per owt) 
Acetate, best ‘ ° 3] 6 
Brown ° 6 
Red...... 6 ar 0 
White 6 26 
LITHARGE D canisoess ° 33 @ 
PotasE#— 
TR.) scvrcescoreseseccccccceccee © § e 64 
orgie ir cwt.) ‘ P 
kegs ... 25 3 6 
BOMDRY..cccsccessersereeceecee 08 8 C8 © 
ns | oe | a2 «(66 
Sopa eecccvccescescesss 99 86 3 «© 
m eocncccccccesense- BQ 80 3 15 








TIMBER, DEALS, &. 
LONDON. 


(Per Petersburg standard) £ 8s. 4. £ 8. 4. 
Archangel lst yellow..... 19 9 09 9 0 © 
2nd om eo 
° 1810 © 
o 100 
°o tm 10 © 
o 410 © 
oo m1 © 
oo gio o 
oo m4 0 0 
is 3rd ......... 11 © @ 12 0 0 
7 inferior 
<diecg*t0.ccckesess 9 @ @ Q SO @ 
(lations 60s. jess than 
deals) 

Finland deals .........0+. 10 © @ IL 10 © 
° battens ....... 9 9 9 19 09 @ 

AMBERIOAN D&ALS— 
ore! ~ ea aacad mi 1600 4 0 0 
” tos 10 | : 14 10 : 


» 


7! 
Fibeted -S 40s., 208, ' ‘ana 10s., ‘ens for 1 ist. 


2nd, and "3rd, respectively. 


Oanadian spruce, Ist...... 10 @ © If © © 

” ” and... 8 0 @ 810 0 

” ” rd .. 790 8 OO 
New Brunswickspruce.. 8 o o 8 10 © 
Ditto <enenevee ; two 0@ 8 8O @ 
N. 8. & P. E. Isie spruce 1 0 8 © o 
U.S. pitch pine .......... ~ 1g © i210 © 


AMBERIOAN TIMBER— — load) 



















Red (mixed 
ING) seoisercssssresree $10 0 4 0 OC 
De. for yards and spar pars 410 © § © © 
Yello $ oo g10 0 
4020 g§ 00 
315 0° 400 
$5 0° g10 © 
atesstesseseeeers © 10 80 7 O O 
Do. United States ......., 5 9 9 § 10 0 
Elm, Book.......00+ 45° § 00 
. $10 © 410 0 
4109 © s10 © 
210 © 300 
240 3% © 
41 0 sg 0 0 
710 © 1910 0 
8oeoo 00 80 Oo 
10 © © 1 08 Oo 
British Guiana n- 
BEATE voerroccorrorsereeeee 8 © © 9 O 0 
Australianironbark ...... 6 0 © 710 
Batic TIMBER (per load) 
T ceccccsecsesceseeeseeses § 10 @ ° 
Dantzicand Memelcrowu 4 © © § 10 © 
» Istmiddling..... 310 0 410 © 
» 00d, middling, 
and 2nd... § 0 0 31S 0 
mid- 
210 0 3g O08 
25 @ 3123 6 
org 6 
°© gic 0 
o 215 © 
o 215 © 
cevcscccocesccceecsceccs B If © 8 § @ 
rege _ (per aq. 
sient *permammuanannen om 6 og 6 
whi 4 12 rs om 0 
Becond qualities sees seas 10 em 0 
The above prices “at “ihe Docks.” 


LIVERPOOL. 


Ween Paices OF TIMBER, DZALs, &C. 


BartisH Nosta AMEBIGA. 


PINs Timsan (per cubic 











foot string measure) £04 £8,4 
Quebec yellowsquare ., o 1 3 O23 
a Sewn al bag yes eri os3a2 
t. John’: xs & 22:6 
Shceaent “t and British 
Ohaleur... st. 22 2 
Bichibucto ..,...s00-00 , ae 2 
Nova Scotia and Prince 
Edward Island ,,,..... 6 10 oO fF 2 
So viaveee 
@eréeées7 
Elm or6ée232e0 
Be in coercecscrrccrees © F 3 8 8 
Whit d O49 S22 
—_ Canadian and 
United States . °39 @46 
waren, Be Joba's, o-13, @8 $ O23 4 
eas oes 
ove an 
oe Island o 1 © @ 18 3 
DEALS AND BATTENS (per 
Petersburg standard) 
Quebec yellow pine, Ist... 17 © © 19 10 © 
Quebec yellow pine, 2nd 13 © o 1410 6 
* ”. ” ard 8 ee 950 
St. John, Bangor, 4c, ‘ 
ebckecetasieecececess BO 8 © 8 20 © 
Nova Scotia, &c... 715 09 8 5 © 
scosenecovesseesee aed °e 8 eo 
= EUCO  cccccccosece eo 610 © 
Lathwood per fathom 
(4L6.) ccocsverescccrsesseeses $10 © § 8 OD 


From THs Unrrep States, East AnD West 


INDIES, AND AFRIOA. 


(er cubic foot, string 


Pitoh pine, ROWE sevens © 


aoa 


sd. £ 8. 
a ee on: 
BOWDiverseneee 9 F 3 @ F 





OF MATHRIALS. 





Tuurspay, Aprit 11, 1878. 


ze. 


Pitch pine planks ....... © 1 
United States oak logs ... o 1 
(Per load calliper measure) 

East Indian teak (per ld.) 10 10 
Greenheart ........,00...00 6 10 
Demerara Morra......000.. § 15 
Bullet tree (per foot)...,.. @ 2 


a. 
3 
© 


FROM THE BALT1O, £0. 


(Percb. ft, string measure) 
Fir timber, Riga red...... 0 1 
Fir timber, Dantzic and 
Memel crown ............ © 
Ditto, ditto, other kinds o 
BOOM eccco.cccccssecsccccces © 
‘Died p 
° 








TOE OR occce ssvcesesrsserses 
Wainscot (Logs ‘caliper 
measure) 
Riga, &C., CTOWD..,.c0000.4. © 
Ditto brack ecccccocscesoceces @ 
Osk timber, Dantzio 
(string measure) ...... © 
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REPULSION FROM RADIATION. 

In nearly all the experiments which we have been 
considering in connexion with Mr, Crookes’s re- 
searches, the source of radiation has been exterior 
to the envelope or bulb which surrounds the moving 

of the apparatus employed. Mr. Crookes has, 
a. more recently been conducting a series of 
experiments in which the source of radiation was 
situated within theenvelope, and therefore within the 
residual gas, and has obtained some curious results. 
One of the instruments employed is that shown in 
Fig. 1, in which is suspended in the ordinary way 
upon a needle pointa four-armed radiometer, carrying 
rectangular vanes of clear mica 4.4, set on an angle 
with the horizontal arms like the vanes of a smoke- 
jack. A short distance below this fly is fixed ina 
orizontal plane a circular loop of platinum wire 
a a, the two ends of which pass through the bulb, 
being hermetically sealed into the glass, and finish 
in the terminals + and — by which the pla- 
tinum ring can be placed in circuit with a voltaic 
battery, and thus rendered incandescent. Above 
the fly is suspended upon a needle-point carried by 















~<—— 


fii 


the bent arm d d d, a horizontal disc of clear mica 


ce. 

Fig. 2 is a diagram of the working parts of the 
apparatus, the arrows representing the direction of 
rotation that would be produced by a current of air 
rising from the heated wire, which, in striking the 
inclined vanes, would drive them in the direction of 
their lower edges, and being reflected from them 
would impinge upon the under surface of the upper 
disc, driving it round in the opposite direction. 
These directions of motion, being what might be 
ordinarily expected from air currents, may be called 
positive, while motions in the opposite direction may 
be called negative. 

With this, and with apparatus similar in principle 
but more elaborate in detail, Mr. Crookes obtained 
results which showed very conclusively that, other 
things being"equal, the direction of rotation of themov- 
ing parts isdetermined by the internal pressure of the 
residual gas, Thus, at the ordinary pressure, or, in 
other words, when the envelope was full of air, the 
direction of rotation of both the ‘fly and the disc is 
positive when the wire is rendered incandescent by 


the passage through it of a current of electricity. 
This is, of course, what might be cted to 
happen by the rising of currents of heated air from 


the neighbourhood of the hot wire. When the 
pressure is reduced to 80 millimetres the direction of 
rotation of the vanes is the same as at atmospheric 
pressure, but very much slower, while at that pres- 


sure the upper dise does not rotate. At 19 milli- 
metres pressure, neither disc nor vanes rotate, how- 















ever hot the ring may be made. Between 10 and 14 
millimetres the first ‘‘ critical point ” is passed, and 
at the latter pressure the vanes begin to rotate ina 
negative direction, the disc remaining remy en 
hen the pressure is still further reduced to 1 mil- 
limetre the vanes rotate much faster in the negative 
direction, and the disc commences to turn slowly in 
a positive direction, that is to say, in the same 
tion as the vanes. As the pressure is diminished the 
speed of rotation of the slowly moving disc in- 
creases, while that of the more rapid fly decreases 
(the direction eemes G the same) until at a pres- 
sure of 294 millionths of an atmosphere a point is 
reached at which the speed of both vanes and disc 
is exactly the same, Beyond this pressure the 
diminution of the speed of the vanes and the in- 
crease in the speed of the disc go on until at a 
pressure of 141 millionths of an atmosphere the 
vanes cease to rotate, the speed of the dise having 
become very rapid. A curious change takes place 
in the phenomena at a pressure of 129 millionths 
of an atmosphere, which may be called a second 
“critical point,” for the speed of the vanes suddenly 





rises from zero to 100 revolutions per minute in the 
positive direction, the disc rotating as before, but 
rather more slowly. 

With regard to this falling off in the speed of the 
disc it is probably due, as Mr. Crookes has suggested, 
to the effect of viscosity in the residual gas, by which 
the rapid rotation of the vanes in the opposite direc- 
tion tends to communicate their motion through the 
viscosity of the medium to the disc, and thereby toa 
certain extent neutralises or quenches its motion as 
shown by its diminished speed of rotation. It will 
be remembered, as was pointed out in a previous 
article, that in accordance with the kinetic theory of 
gases, the viscosity of a gas is independent of its 
density, and Mr. Crookes has obtained in his earlier 
researches experimental proof by observations of 
the decrement in the amplitude of vibration of a 
torsion balance (set swinging in various gases at 
different pressures and allowed to come to rest), of 
the truth of this, and these experiments have proved 
that the viscosity of atmospheric air at a pressure of 
129 millionths of an atmosphere is but slightly dif- 
ferent to that of air at the ordinary pressure. 

The apparatus described and figured above must 
be looked upon chiefly as an instrument for demon- 
strating the general nature of these phenomena, and 
for that purpose it was used by Mr. Grookas in illus- 
tration of the paper read by him before the Royal 
Society in January last, and of which we published an 
abstract at the time.* The actual apparatus by which 
he obtained the quantitative and qualitative results in 
this branch of the inquiry was much more elaborate, 
and from its very nature could not have been shown 
in operation at a public meeting.. This will be 
understood when we state that the following data 
had to be observed and recorded—the velocity of 
rotation of both disc and vanes, the viscosity of the 





* See ENGINEERING, page 68 ante. 


residual gas, the appearance of an induction spark 
discharged between electrodes within the gaseous 
medium, the amount of repulsion from radiation 
exerted on a standard candle at a certain distance 
on a blackened disc of mica, the exact pressure to 
millionths of an atmosphere of the residual gas at 
different degrees of exhaustion with different gases 
and during different experiments, besides other and 
hardly less important data playing a more or less 
prominent partin the phenomena, To obtain accu- 
rate knowl of these data a necessarily elaborate 
apparatus had to be employed, For determining the 
pressure, the whole 7 was connected by 
glass tubing and fused joints to a very perfect 
Sprengel mercury pump designed and constructed 
by Mr. C. H. Gimingham, fitted with apparatus for 
obtaining a chemical vacuum by different absorp- 
tions of different substances contained in the residual 
gases as well as for eliminating from the same all 
traces of aqueous vapour, and having attached to it 
McLeod and barometric gauges for measuring the 
pressure at different degrees of exhaustion. For the 
observation of the ap’ ce of the electric discharge 
—a very valuable indication of the progres of the 
exhaustion —there was attached to the apparatus a 
vacuum tube in gaseous connexion with its interior, 
andin which two platinum electrodes were placed very 
close together. In addition to these accessories 
there was a small torsion balance carrying at one 
end a standard disc of blackened mica and at its 
centre a small pans which its angular displace- 
ment could be measu hen movement of a spot 
of light along a scale, and lastly there was the special 
apparatus, which has been described, containing the 
rotating disc and vanes, and the platinum ring which, 
by being put into and out of circuit by a Morse key 
with a voltaic battery, though various resistances 
could be rendered either just warm or heated 
through various degrees of incandescence almost u 
to its temperature of fusion; and when it is 
remembered that provision had to be made for 
the introduction of various gases into the apparatus 
previous to the Bey of exhaustion, it will be 
readily understood that, although the whole arrange- 
ment was as simple as its requirements would 
admit, still it was considerably elaborate, from its 
necessary complexity it required the utmost skill to 
construct, and it was impossible to be carried about. 
In order to show the phenomena which have been 
described to the members of the Royal Society, in 
illustration of his paper, Mr, Crookes had several 
instruments identical in construction to that repre- 
sented in Fig. 1, but containing gaseous vacua of 
different degrees of exhaustion, one being at atmo- 
spheric pressure, and the others at the pressures at 
which the more remarkable effects are observed, and 
to which we have referred. The effects, which 
were very interesting, were made apparent to the 
audience by an image of the instrument under 
experiment being projected upon a screen by means 
of a sciopticon lantern, 

The influence of the residual gas upon the radia- 
tion of heat was beautifully illustrated in these ex- 
periments by the greater or less degree of incandes- 
cence of the platinum ring with the same battery 
power at different degrees of exhaustion of the gas 
surrounding it. The same battery power which would 
almost fuse the wire in the bulb at higher degrees 
of exhaustion was capable of only just reddening it 
at atmospheric pressure, so that in order to obtain 
the same temperature of the platinum wire in vacua 
of different degrees of attenuation, it is necessary to 
vary the battery power, or what produces the same 
result, to interpose in the circuit greater resistance 
as the vacuum becomes more perfect. The com- 
— temperatures of the rings at different ex- 

ustions were very remarkably illustrated when 
three instruments, differently exhausted, were joined 
up in the same circuit, so that the electric current 
had absolutely the same strength in each case. 
When this was done the ring in the normal atmo- 
spheric pressure was black, that at a higher exhaus- 
tion was just red, while the coil in the still more 
attenuated medium glowed with incandescence like 
a small electric lamp, 

In this series of articles upon “‘ Repulsion from 
Radiation” we have shown how Mr. Crookes was 
firat led to the discovery of that phenomenon, and 
how by subsequent experimental researches, which 
have earned for their author an honoured position 
among the leading physicists of the world, he was 
enabled to test theory after theory, dispelling error 
and establishing truth, until he was able to show that 
of all hypotheses that unded by Mr. G. John- 





stone Stoney was more closely in accordance with | 
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facts established by his own long and elaborate 
series of experiments than any other, and that 
the more these experiments have been followed up 
the more is that hypothesis supported, giving to 
Professor Clerk Maxwell’s Kinetic theory of gases 
its most conclusive experimental proof. Accord- 
ing to this theory, the action of the radio- 
meter may be resembled to a continual bom- 
bardment going on between the movable vanes 
and the interior surface of the bulb or envelope 
which surrounds them ; this bombardment, or mole- 
cular disturbance as it is called, is produced 
by the effect of heat upon the molecules which 
constitute all bodies, but which in gaseous sub- 
stances are especially free to move among one 
another. When a gaseous molecule becomes heated 
by coming in contact with a heated body, it is 
instantly projeeted from that body like a tiny 
cannon ball from a tiny gun, and its motion is 
either expended by being dissipated in space, or if 
it strike anything in its path before that motion has 
become cupended, it imparts to that obstruction a 
blow, exerting an amount of pressure upon it pro- 
portional to its speed of travelling at the instant its 
course is arrested, and when many millions of such 
impacts are taking place at great velocity at the 
same time, enormous pressures are produced, as in 
the case of the boiler of a steam engine. 

From this it might be inferred that at atmospheric 
pressure or in gases under still greater pressure, 
greater molecular disturbance would be produced, and 
that therefore a radiometer at such pressures would 
be more easily affected by radiation, but it must be re- 
membered that this bombardment is going in both 
directions, both the moving surface and the fixed 
envelope being both besieging and besieged, and 
just as would | Boones in actual warfare if the cannon 

Is were projected from opposite sides in such 
numbers as almost to fill the intervening space, there 
could be no freedom for their motion, they would 
clash against one another and neutralise one another's 
action, and but very few indeed would ever reach 
their destination or strike the object they were aimed 
at, This overcrowding is very similar to what must 
take place (according to the kinetic theory) within 
the bulb of a radiometer at ordinary pressures when 
a source of radiation is brought near the bulb. 
But as the pressure is reduced by exhaustion, which 
is only another way of saying that the number of 
these overcrowded molecules is being reduced by 
millions at every stroke of the pump, or by every 
falling drop of mercury in the Sprengel exhauster, 
it follows that a point is ultimately reached at which 
the number of the molecules is sufficiently reduced 
for them to have greater freedom of motion, and the 
molecules, crowding on to the black or heating sur- 
faces of the vanes of the radiometer, are not impeded 
by those rebounding from the same surface, and as 
the blows upon the black or warmer surface are 
stronger than those on the white or cooler surface, the 
former is repelled or moving towards the lesser pres- 
sure. In those radiometers in which both surfaces are 
of the same colour, another element comes into play 
which has been mentioned before, and that is the 
degree of obliquity, or what Mr. Crookes calls 
‘favourable presentation” of one surface or the 
other to the onslaught of the molecules coming from 
the point of greatest disturbance. The effect of 
blackening one surface of a radiometer vane is to 
supply a little heater on the movable fly itself by 
which molecular disturbance is created on that side 
greater than on the unblackened surface, but by 
setting the vanes at an angle with their arms, so as 
to be more favourably presented to the fixed heater 
or envelope, no such blackening is needed, although 
it can be made to increase the effect b fm pon 
on that surface which is presented to the bulb, so as 
to add its own effect to that of the position of the 
vane. 

With respect to the movable part of a radiometer 
carrying with it a little heater, er more correctly 
speaking a little source of stored-up radiation, there 
is a marked difference between a radiometer con- 
structed of clear mica and one of aluminum, This 
difference may be explained by reference to Figs. 3 
and 4, In Fig. 3, which represents by dotted 
shading the molecular disturbance going on within a 
mica radiometer, it will be seen that the cause 
of motion is almost exclusively confined to that 
portion of the bulb nearest to the source of radia- 
tion, and as each vane comes under the influence of 
that disturbance it is repelled, bringing the next 
vane round in succession, while in the aluminum 
radiometer represented in Fig 4, the metallic vanes 
becoming warmed, carry round with them a store 





of heat, producing molecular disturbance between 
them and the envelope, throughout their entire revo- 
lution, or through that portion of the path travelled 
between their becoming heated and that heat be- 
coming dissipated. 

In a future article we shall refer to other modes of 
rendering this molecular disturbance apparent, in 
which the disturbance of the gaseous molecules is 
generated entirely on a fixed part of the apparatus, 
causing them to be repelled, and by impinging upon a 
movable fly as in the disc in Figs. 1 and 2, to produce 
mechanical motion, Thisclass of instrumentsto which 
Mr. Crookes has given the name of Otheoscopes, is of 
great interest, and has been experimented upon by 
him in a great variety! of forms. We hope in a 
future article to bring several of these forms before 
our readers, as well as some special and interesting 
modifications of the radiometer. 








THE ACCURACY OF INDICATOR 
DIAGRAMS. 
(Continued from page 78. 

In our last article on Professor Berndt’s expe- 
riments we described at length the apparatus used 
by him in examining the behaviour of indicator 
springs under steam pressure in their indicators, 

he details of his observations for the first series 
of these experiments are given by him somewhat 
fully in the 1874 Programme of the Chemnitz 
Gewerbschule; the later experiments, however— 
those, namely, in which the apparatus described by 
us was used—are not given in detail, but only in 
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have adopted directly from the detailed records 
themselves, instead of only from the published epi- 
tome of them. 

Our summary is contained in Tables VII. and 
VIII. While it gives the most important results 
deducible from the experiments, it does not give, as 


| will readily be understood, the slightest notion of 
| the amount of work—the hundreds of separate de- 


terminations — which it really represents, The 
tables do not require much explanation. In Table 
VII. the first column gives the reference number of 
the springs and the second the diagram scales sup- 

lied with them (in pounds per square inch per 
inch). The latter have already been given in a 
former table, but are repeated here for the sake of 
convenience. No scale was supplied for D,, and we 
are unable to find what it was intended to be, the 
indicator D being of a type not now made. Column 
3 gives the steam pressure (approximately) at which 
the experiments were made. It is necessary that 
this be known in each case, because, as we have 
seen, the error of the springs differs at (different 
pressures, Columns 4 to 1] of Table VII. give, in 
a form comparable with the figures of Column 2, 
the diagram scales corresponding to the different 
lines drawn as described in our last article (see page 
78). The numerals L., II., in Roman type, refer to 
the first and second series of experiments respec- 
tively. Thescales deduced from the first pressure 
lines are given in Columns 4 and 5, from the arith- 
metical means of the upward and downward de- 
flections in Column II., and from the moving pre- 
sure lines in Columns 7 and 8. These different 


































































































TABLE VII. 
(D1aGRAM ScALEs IN PouNDs PER SQuARE INCH PER INCH DEDUCED FROM 
eens 
Scale sup-| (approxi- Mean Free Spri 
" e ‘ of , rn : ree Springs. 
Spring. — ‘with nae Rea Fist F Pressure nr ar ha Moving Pressure 
Experi- 
ments. Cold. Hot. Hot. 
lb. persq.in.| I. II. II. I. Il. I. I. II. 
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 
Ai 44.3 61 41.1 42.3 41.1 42.0 42.8 40.4 39.5 40.5 
Ay 22.1 25 22.5 = te 22.9 “ ae ms 
B 30.0 60 29.5" | 28.6 28.6 29.5% | 28.9 29.4 28.5 28.6 
B 30.0 40 coe 29.1 29.0 ete 29.4 29.4 28.7 28.6 
Cy 45.1 64 46.2¢ | 46.3 42.5 39.2+ 46.4 38.6 38.7 38.7 
C, 45.1 42 ese 42.0 38.0 ‘as 42.6 37.7 37.7 37.4 
D = 64 i 68.2 67.7 r 68.3 69.0 71.6 70.2 
D AL 76.9 os ave 82.5 as 66.0 70.0 68.8 
D. 22.1 26 25.8 en = 26.2 SS od A 
E 44.3 60 ee 36.8 34.8 ane 36.9 35.5 35.8 33.5 
E 44.3 AS 38.1 37.3 35.3 38.4 37.9 35.7 35.1 34.5 
F 24.0 60 23.6 = eee 24.3 se oat 22.7 a 
G 24.0 59 23.9 23.9 ove om 23.7 
* Ata pressure of 69 Ib. per square inch. + At a pressure of 59 Ib. per square inch. 
Taste VIII. lines for one experiment with one spring were illus- 
trated in Fig. 7 (p. 77 ante). The scales for the /ree 
nO g | SE a) springs (that is the springs out of their indicators), 
; $ 2 ; 3 ao: at or near the pressures of Column 3, are given in 
& z i =e é LG Columns 9, 10, and 11, so that some estimate may 
3 ; E 8 & » |See be made of the total effect of piston friction, &c., 
sg % : é § | onthe springs. 
» | & r=] no Comparing Columns 4 to 11 among themselves 
be g ga as Fe Pe He % | we find very large discrepancies in the cases of C, 
£ Fy 44 a3) ESE Ee Fs : and D,—discrepancies so large as to make the dif- 
nm} Be a, a°| < <i ferences in the other cases appear almost trifling, 
ce 3. 1 5 6 although in some instances they are not inconsider- 
ce : eel é : able. If we compare these cobenita, howeret, _ 
Ib. 8q- Ib. per sq. |Ib. per sq. | Column 3, we find that in A,, C,, D4, an there 
S % | _" b. ’ are very notable differences, the "s e supplied only 
A, | Rising | 38 and 70| 6| + 24 3.5 representing in the roughest way the real compres- 
A, | Falling| 70 ,, 4 : + ¥ , sion of the spring. . 
: ae = ” 19 | 5 t 44 3.3 Table VIII. contains a summary of results which 
C, Rising 36 >, 68| 6 bee 14 are in some respects the most interesting and practi- 
C; | Falling} 68 ,, 19| 5| +78 . cally important of any examined by Berndt. The 
D, | Rising | 34 ,, 68 | 6; + ost ~ manipulation by which they were obtained was 
D, | Falling} 68 ,, 19) 5 + 9.5 described in our last article, but we may briefly 
7 pas - ” 4 : Beret 12.5 mention itagain. The whole apparatus illustrated in 
F | Rising | 38 ., 56) 4| +14 19 Fig. 2 (p. 77 ante) was left open tothe boiler, and a 
F | Falling} 56 ,, 22} 3) + 33 . steam pressure in the latter was caused first to rise an 
then to fall slowly. The pom was kept free from 
* Compared with scale of free spring (hot) at maximum | the paper as it rose or fell, but at intervals short 
compression. lines were drawn, the _aee being, of eh 
summary in the proceedings of the Siichsische Inge- | noted simultaneously. ‘The indicator piston was t¢ d 
nieur and Architekten Verein. Professor Berndt | absolutely to itself in its upward and ee oe 
has very kindly placed at our disposal the original | motions. It would be naturally expected ould 
records of these experiments, so ha we have . recta ft ny pencil howe ae Lal Pree rising than 
le to com in detail the whole of the results o somewhat lower when the p 
= ar when it was falling, but few would be prepared for 


both series, and to summarise them on the plan we 
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differences so great as those which were actually 
found, and which are given in Table VIII. 

In this Table the first column again gives the 
reference letter for the spring, and the second gives 
the condition as to the boiler pressure, rising or 
falling, under which the experiments were carried 
on, In the third column are noted the (approxi- 
mate) maximum and minimum pressures, and the 
fourth gives the number of readings taken as the 
pressure changed from one to the other. The 
results of the experiments are given in the two last 
columns. Column 5 gives the average error of the 
readings in pounds per square inch, as compared 
with the scale supplied with the instrument, and 
Column 6 the average difference between the rising 
and falling reading for any pressure between those 
given in Column 3. With the exception of the rising 
pressures of spring C,, the errors given in Column 5 
are all positive, i.e., errors of excess, but in all cases 
the excess is much greater for falling than for 
rising pressures, Had the quantities in Column 5 
been compared, however, with the scale of the free 
spring the rising and falling errors would in all 
cases, except D,, have been of opposite signs, the 
reading on the scale supplied being always in 
excess of the true reading, as Table VII. shows, for 
the springs treated in Table VILL. The importance 
of the differences shown in Column 6 lies in this, 
that the expansion line of an ordinary indicator 
card (and often the admission line also where there 
is wiredrawing) is traced under circumstances very 
much resembling those under which the falling pres- 
sure lines were here drawn, the mischief being only 
aggravated by the fact that in drawing the card the 
pencil remains throughout in contact with the paper, 
while here pencil friction was not allowed to act. 

From the differences which are constantly found 
in the length of indicator cards taken under pre- 
cisely similar conditions, we know that the string 
has stretched somewhat under the pull due to the 
resistance of the paper drum spring. The stretching 
of the cord, which is in this way made apparent, 
must no doubt take place to a different extent at 
different parts of the stroke. At the beginning of 
the stroke the cord must be most stretched, the 
paper drum J/agging behind, as it were, the point 
from which reciprocating motion is taken. At the 
end of its stroke the cord has probably recovered 
its original length, so that during the latter 
part of the stroke the drum has been gaining 
on the point just mentioned. The result is that 
to get a true diagram from the actual card, we 
should have to shift the earlier ordinates forward, 
and the later ones backward, one ordinate only 
remaining fixed, the one, namely, which corresponds 
to the point at which the driving point and the 
paper drum had equal velocities. In order to de- 
termine quantitatively the value of the correction 
to be made in the indicator card on account of 
string stretching, Professor Berndt made a number 
of experiments with a special and very inge- 
nious apparatus devised by Professor Weinhold. 
In this apparatus a reciprocating bar was driven 
by a crank, and motion given to the indicator 
cylinder by a cord attached to the bar. An 
electric connexion was arranged by which pieces 
of paper attached to the bar and the cylinder re- 
spectively could be simultaneously pierced by an 
electric spark a certain number of times at regular 
intervals during each stroke. In this way it became 
easily possible to make avery accurate comparison 
between the motions of the drum and the driving 
point. The relation in which they stood to each 
other was found to be as we have just described it, 
the unchanged ordinate coming, in the average of 
all the experiments, to 0.78 of the stroke, Berndt 
estimated the effect of the alteration by drawing 
ideal diagrams for cut-off at 0.5 and 0.3 of the 
stroke, correcting them for each experiment, and then 
measuring the alteration of area by a planimeter. 
For both catgut and good hempen cord tried in 
several (ordinary) conditions as to dryness, &c., he 
found that the necessary correction amounted only 
to 0.5 per cent. The cord was 4.3 ft. long, and was 
carried straight from the bar to the drum, without 
guiding pulleys. No perceptible alteration was 
found in one set of experiments in which the cord 
was 7.0 ft, long, similarly arranged. The use of thin 
brass wire (7ft. long) reduced the error to 0.3 per 
cent. With cord or wire, 7 ft. long, carried over 
two guide pulleys at intervals, the error came out 
equal, and was 0.9 per cent. With very wet.cord it 
was found that the error was much increased, as 


might be expected ; it was 1.8 and 3.6 per cent. re- 
Spectively in two experiments. The error was 





in defect in every case, so that the indicator cards 
were too small by the fraction mentioned. It will 
be seen that on the whole this error may be neglected 
when good and dry cord is used, and the length is 
not too great ; it seems seldom likely to reach 1 per 
cent, with the cuts-off examined by Professor Berndt. 
For earlier cuts-off, however, it must be greater, 
although in the absence of detail we cannot say by 
how much. The error in the form of the expansion 
curve caused by the stretching of the string will 
necessarily be much more perceptible than the error 
of area, and may obviously be quite noticeable even 
when the latter is unimportant. On this point we 
have no information before us. 

We have now set before our readers the principal 
results obtained by Professor Berndt in his long 
and careful series of experiments, so far as they 
affect Richards’ indicators and the springs used in 
them. In another article we shall comment on the 
whole experiments, and try to obtain some general 
conclusions from them, 

(To be continued.) 





AMERICAN IRON AND STEEL WORKS. 
By A. L. Hoey and Lenox Situ. 
No. XXI.—TuHe Works oF THE EpGgar THomson 
SteeL Company (LiMiTED). 

THESE works, so called in honour of the late 
president of the Pennsylvania Railroad Company, 
are among the most recently constructed American 
Bessemer establishments. ‘They comprise 106 acres 
of ground lying at Bessemer Station, 1] miles east 
of Pittsburgh, between the main line of the Pennsyl- 
vania Railroad and the Monongahela river (slack 
water navigation), upon which there is a frontage of 
3300 feet. This ground is a part of the historic 
Braddock’s field. The Pittsburgh division of the 
Baltimore and Ohio Railroad passes through the 
property, and upon the high and ample portion of 
it lying between these railroads, the existing works 
are built, There is room for indefinite extension. 
By means of these railroads the works are directly 
connected with the eastern, western, and southern 
railway systems; and by means of the river, with 
the coalfields of the Connellsville region, and with 
the Ohio and Mississippi navigation. 

The General Arrangement of the plant is shown by 
Fig. 1, p.296. As the cheap transportation of supplies 
of productsin process of manufacture, and of products 
to market, is a feature of the first importance, these 
works were laid out, not with a view of making the 
buildings artistically parallel with the existing roads 
or with each other, but of laying down convenient 
railroads with easy curves; the buildings were 
made to fit the transportation, Coal is dumped 
from the mine-cars, standing upon the elevated 
track E, directly upon the floors of the producer 
and boiler-houses. Coke and pigiron are delivered 
to the stock-yard with equal facility. The finishing 
end of the rail-mill is accommodated on both sides 
by low-level wide-gauge railways. ‘The projected 
open-hearth and merchant plants have equally good 
facilities. There is also a complete system of 30- 
inch railways for internal transportation. The 
question is asked by visitors to these works: Why 
the ingots from the converting shop were not taken 
straight into the rail-mill instead of being carried 
round to the other side of it, and why the blooming 
side of the rail-mill was not placed next the con- 
verting plant? The answer is, that a large yard is 
hiner a on the blooming side of the mill for the 
inspection and assorting of merchant steel especially. 
Had this yard been placed next the converting 
plant, along with the ingot-yard C, Fig. 1, this 
plant would have been much further away from the 
rail-mill, and the boiler-house, which is common to 
them both, would necessarily have been a long dis- 
tance from one or from both. A common boiler 
department is obviously economical. It is much 
cheaper to transport ingots a few hundred feet 
further, when they are once loaded, than it is to 
transport steam. The ingots need some cooling 
before they can be charged; the less cooling the 
steam gets the better. 

Buildings.—The converting works, having brick 
walls and iron roofs, comprise a cupola house, 107 ft. 
long, 44 ft. wide, and 46 ft. high; a converting house, 
129 ft. long, 84 ft. wide, and 30 ft. high, and a 
blowing engine-house, 54 ft. long, 48 ft. wide, and 
36 ft. high. The adjacent boiler-house is 178 ft. 
long, 40 ft. wide, and 18 ft. high ; the producer-house 
is 90 ft. long, 46 ft. wide, and 26 ft. high, and the 
rail-mill is 380 ft. long, 100 ft. wide, and 25ft. 
high, with a wing 100 ft. in length and 35 ft. 











wide. The machine-shop building is 200 ft. long, 
60 ft. wide, and 18 ft. high, and the coal and iron 
house is 40 ft. long, 20 ft. wide, and 10 ft, high. The 
producer-house and rail-mill have iron side columns 
and roofs with wood and sheet-iron sides. All these 
buildings are practically fireproof. The remaining 
buildings are a brick shed, 48 ft. by 90 ft.; a loco- 
motive engine-house with two pits, and a pattern- 
shop, 60 ft. by 25 ft. in the rear of the machine- 
shop. These three are frame buildings with slate 
roofs. ‘ 

The Bessemer Plant, like all the American plants, 
involves the principles of construction and arrange- 
ment which were fully set forth in the description 
of the Vulcan Iron ee Steel Works—the first 
of this series of articles. e statistics of produc- 
tion hereinafter given, fully prove the capacity of 
this type of plant for the economical making of a 
large product. The partes p machinery comprises 
three cupolas of 5 ft, internal diameter, and 14 ft. in 
height to the charging door ; four spiegel cupolas of 
2 ft. internal diameter ; two tipping cupola ladles of 
12-ton capacity, resting upon scales ; two 6-ton con- 
verters, 6 ft. in internal diameter by 15 ft. in height ; 
also ladles, bottom casting 8, steam ingot- 
compressing —S and the following hydraulic 
machinery : wo Worthington duplex pressure 
pumps with 25 in. steam cylinders, 9 in. water 
plungers, and 24 in. stroke, and one pressure pump 
with 20 in. and 7} in. cylinders by 15 in. stroke ; a 
complete water distributing apparatus, all the valves 
of which are operated from a common platform ; two 
accumulators, 164 in. diameter by 9 ft, stroke; a 
ladle crane 15$in. diameter by 6 ft. stroke; four 
ingot cranes 13 in. diameter by 9 ft, stroke ; two 
cylinders 18 in, diameter by 9 ft. stroke, with 
racks and pinions for rotating the converters; one 
cylinder 12 in. diameter by 24 in, sitoxe, Gxcd 
upon a car, for lifting and removing the bottoms of 
converters ; and two lifts 9 in. in diameter by 27 ft. 
stroke, for raising materials in the cupola-house. 
Ample ovencapacity is provided for drying converter- 
bottoms, bottom-casting flasks, and ladle-stoppers. 
A crusher and a mixing-mill for refractory materials 
are placed in the cupola-house, and are driven by an 
18 in. by 24 in. engine, Thereisalso in the cupola- 
house ample room for the storage of prepared 
refractory materials for current use. 

The two Bessemer blowing engines are indepen- 
dent ; they were illustrated by engravings on page 
206 of our nineteenth volume, Lach engine 
has a 42 in, steam and a 54 in, air cylinder by 
4 ft, stroke, and two 20-ton by 20 ft, fly- 
wheels. The steam valves are balanced slides ; the 
air valves are flat metal puppits with rubber 
faces. ‘Two Baker rotary blowers supply air to 
the cupolas, 

Some of the details before mentioned are illustrated 
by engravings on page 296. The rotating machinery 
for the converter is shown by Fig. 2. A heavy, hollow 
cast-iron piston-rod hinged at the bottom so as to 
be readily adjusted to position, carries the water 
pressure (by means of an internal diaphragm) to 
either side of the piston, The cylinder moves up 
and down upon the piston, like that of a Condie 
steam-hammer, and carries the rack that engages the 
vessel pinion, ‘This cmos arrangement has opera- 
ted for several years without requiring repairs, The 
original vessel bottom Mae gi fe patent) as shown in 
Fig. 2, has been modified in detail, as illustrated by 
Fig. 3. The cotter-link A (Fig. 3), as devised by 
Captain Jones, superintendent of the works, is a 
great convenience, and the more nearly flat joint is 
more readily packed, 

The Boiler Department is a particularly excellent 
and imposing feature of the plant. There are 20 
boilers in a line, each being 5 ft. in diameter, 15 ft. 
long, and having forty 44 in, returntubes. Each boiler 
is quite independent and may be removed without 
impairing the operation of the others; each has 
a mud-drum, a 5 ft. by 7 ft. steam dome, a 5} ft, 
by 7 ft. grate, a safety valve and a blow-off valve, 
and an independent firebrick lined stack of 24 ft, 
internal diameter and75ft, height. The feedapparatus 
consists of two Worthington duplex pumps, having 
10 in. and 5} in. cylinders and 10 in. stroke, and a 
cold water supply from the tank, also a hot water 
supply from the heaters and condensers connected 
with the various engines. Fig. 4, p. 297, shows at A 
an external elevation of the boiler-house, with the 
boilers visible through the doors; at B a front eleva- 
tion of the boilers and the sup which carry the 
stacks ; at C a cross section of the boilers through 
the firebox ; at D a cross section of the boilers at 
their near end, showing the mud-drum; and at E a 
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ntire structure drifted down with great rapidity. At one 
ticas the wreck was checked within a few feet only of the 
mail jetty. It was not until 1.30 a.m. on the 21st that the 
ship was groun led in the ee indicated in the diagram. 
and divers were again employed renewing the patches an 
patching fresh holes which had been found under the bottom 
of tLe ship. Two 10-in, centrifugal engines were fixed in 
position on the ship, and the water was —_ out on the 
lst of February. The wreck was then hauled further up 
the beach. On the 3rd of February she was again floated 
and brought round to the entrance of the dry dock, and 
finally, on the following day, the wreck was brought into 
the dry dock. 

Mr. Olrick, who s 
make a few persona 


ke next, requested permission to 
remarks with reference to Mr. 
Kortright’s paper. He did not begrudge the writer of the 
paper the vote of thanks, but he t — it was right that 
as Mr. Halpin, who is the engineer of the Victoria Gravin 
Docks Company, designed the whole of this machinery, an 
against a t number of difficulties carried it out so suc- 
cessfully, having raised the ship and carried her into dock, 
that it should be put on record that he is really the one to 
whom all the honour of the achievement is due. 

Mr. West said that the apparatus for raising the Edith 
struck him as being very similar to the apparatus which 
was used in the raising of the Wolf in Belfast Loch about 
ten years ago, which was designed, he believed, by Messrs. 
Harland and Wolf. In answer to this, 

Mr. Halpin said that when he first designed the appa- 
ratus referred to he got an introduction to Mr. Harland, 
and when he showed him his drawings, knowing he had done 
a similar thing before, he (Mr. Harland) showed Mr. Halpin 
some photographs, and said that the apparatus for raising 
the Edith was very much more complete than his own, 
and that if anything in the world would lift the vessel 
this would. Mr. Harland also told him, what he did not 
then believe, that he could only work in fine weather. He 
(Mr. Halpin) thought if he could get the apparatus out and 

et at it, he could take his own time for lifting the = 

e found, however, he could not work in bad weather. He 
had seen Mr. Harland since, and he seemed to think justice 
had not been done him in giving credit for the idea. Mr. 
Halpin was perfectly willing to give Mr. Harland credit for 
| idea of taking the tanks and fitting them in the way he 
aid, 

Mr. West observed that the screws and the hooks into the 
side lights were essentially features of Mr. Harland’s plan, 
whereupon the President said that he did not think that 
the discussion need go on on the authorship of the plan. It 
was much more important that they should discuss the 
mechanical appli and consider whether they were plans 
that should be adopted in future. 

Mr. Gorman said that having had considerable experience 
in this class of work, it afforded him very much pleasure to 
testify to the great credit that is really due to Mr. Halpin. 
The results recorded in the paper would show what a great 
difficulty would exist in lifting the Vanguard. The Edith, 
almost in a sheltered harbour, had taken about two years 
to be lifted and got into dry dock; while the Vanguard 
was lying in a depth of 120 ft., almost completely sanded up, 
at least on the starboard side, with a strong tide running, 
and ex to the full force of the sea. Referring to the 
Eurydice, Mr. Gorman said he expected to be down there 
himself shortly, as they were going to try an experiment 
in the use of the submarine electric light to facilitate opera- 





tions. That vessel he thought there would be no difficulty 
in lifting. As she was now lying he thought her weight 
would about 300 or 400 tons—say 350—so there 


would be no difficulty in lifting her and towing her into 
harbour. The depth of water in which the Eurydice lies 
is only six fathoms, and the lifting is to be done with a 
couple of old frigates. Mr. Gorman went on to say that 
three years ago he and Mr. Siebe had a patent for an appa- 
ratus which consisted of pontoons bolted together almost 
like the steamship Castalia, with the bow and stern arched 
over, 8o that in case of the vessel being sunk in a river 
they could back in over the wreck and get her lifted up. 
‘The apparatus had not been made, however, as there was a 
difficulty in this country in raising a good salvage company. 
There are two existing in New York, and they are most 
suecessful. 

Mr. Paget said he should like to know the nature of the 
bottom from which the vessel had originally to be lifted, and 
whether there is anything that would indicate the amount of 
the “‘ suck ’’—if he might use an unscientific term. It is 
said that the Vanguard is in sand, and he (Mr. Paget) un- 
derstood from Mr. Gorman she would probably be quite 
buried. In such a case he should presume the additional 
lifting aeow to overcome that ‘‘suck’’ would be very 
great. e believed that in the Humber mud the power of 
“* suck”’ is found to be so great that it often will prevent 
raising a vessel if she remain down two or three tides, 
unless they can get something passed under the vessel in 
the shape of a hawser which can be worked to and fro to 
let the air in. 

In reply to this, Mr. Harrison Hayter said that he could 
answer that question, as he knew a great deal of Holyhead, 
and was there at the time when the vessel sank, and had 
a house there. The Edith, sunk in September, 1875, and 
was down two years, but the contractor wes not at all to 
blame for this, because a great many plans were resorted 
to, to attempt to raise her. However, the comparison made 
between raising this ship and the raising of the Vanguard 
was entirely inappropriate, because the conditions were 
totally different. As regards the conditions of. the Edith 
they were most favourable. First of all, she was in 
shallow water; she was in a depth of only 36 ft., or 6 
fathoms; secondly, she was a com tively small vessel— 
the Van was five times the size; next, the Edith was 
on a hard clay and rocky bottom there, and as she sunk there 
shelay, anddid not sink into the ground at all ; fourthly, 
shewas near the land, which the Vanguard is not; fifthly, she 
was, Comparatively speaking, sheltered. Mr. Hayter said 








he knew that the author in his paper says there was  gre®* 
deal of difficulty on account of the want of shelter, but it 
would be seen from the plan that the vessel was sheltere 
toa considerable extent in three directions, and the land on 
the east side is only two miles off ; so that she was in com- 
paratively sheltered water. He did not mean to say she 
was in a mill-pond, but she is, comparatively ——- 
sheltered. Nowthe Vanguard was in 120 ft. of water; 
she is a very large vessel; she is on a soft bottom, and he 
believed that it is generally sup that she is entirely 
covered with sand. She is also in an exposed sea, she has 
no shelter whatever, and she is in a very strong tide-way. 
Now, as regards raising a ship in 120 ft. of water there 
were very few engineers that had more experience in 
diving than he had, and he found it was almost impracti- 
cable to carry on diving operations successfully where the 
depth of water was more than 80 ft. At Londonderry a 
ship had been raised 80 ft., and that is about the extreme 
depth that they could go to. The divers cannot remain 
down there more than an hour or an hour and a half, 
and two of the men succumbed unhappily to the opera- 
tions on account of keeping too long at that depth. 
The Vanguard was at a depth of 120 ft., and under these 
very unfavourable conditions it appears to him impossible 
that the vessel will ever be raised. 

Mr. McFarlane Gray said that it gave him very great 
1 aay to testify that the designs, which he saw before 

im, of the apparatus used in lifting the Edith were of a 
very much improved character compared with those used 
by Messrs. Harland and Wolf, and that was not at all 
detracting from the merits of those used by Messrs. Har- 
land and Wolf, because they prided themselves on perform- 
ing the work in a simple and inexpensive way, without 
making much that was specially pted for the vessel, 
but confined themselves to that which could be used again. 
The use of screws in Mr. Halpin’s method was quite 
distinct from that in Messrs. Harland and Wolf’s. The 
screws in theirs were in appearance the same as these, but 
they were used for lifting. When they got the vessel 
hanging from the pontoons they kept on lifting, shortening 
the distance between the pontoons and the vessel. In this 
case he understood that Mr. Halpin used the screws simply 
to adjust the attachment before beginning to lift, and 
allowed the tide to lift, and that he pumped out the pontoons. 
Messrs. Harland and Wolf did not pump atall. Mr. Grey 
agreed with previous speakers that it was very improbable 
that the Vanguard woul qvers be lifted. 

Mr. F. W. Webb remarked that he had something to do 
with the operations conducted by Mr. Halpin in raising the 
Edith ; in fact, he made the preliminary arrangements 
with Mr. Halpin. The reason the directors decided to go 
to the expense of making the shut-up iron tanks was that 
at the same time he (Mr. Webb) was wanting storage for 
fresh water at Holyhead, to thej amount of about a 
quarter of a million gallons. He recommended, there- 
fore, that Mr. Halpin should be allowed to build these 
tanks in a substantial way, and the tanks are now the 
property of the company, and will be used for the storage 
of water, and he found he could get for about 4d. a 
gallon permanent tanks for the supply of Holyhead station. 
He added that the tanks were being put up with the girders 
across them, and on the top he gota —. of 120 ft. 
long and 32ft. wide and 18 ft. deep. Mr. Halpin had 
laboured under a great many difficulties, as stated in the 
paper. Mr. Halpin’s calculations for the lifting of this 
ship has been very successful, and he did not think the 
ee were immersed 6 in. more than calculated. He 

appened to be on board when the ship made her first 
shift. She heeled over 14 deg. or 15 deg. in one direction, 
but she afterwards hecled over in the other, so that did 
away with all “‘ suck ;’’ she wriggled herself in the bed and 
came up very readily, when all the pontoons were fixed. 
She was now out of dock at Holyhead, and he found that 
she had not been strained in the least, but considering the 
gash in her quarter, nearly from top to bottom, it was 
much to be wondered how she could have been lifted without 
straining. It showed very well for the system adopted ; 
Mr. Halpin was right, and putting a calees tension on 
the screws did not break the ship’s batk, as otherwise might 
have happened. Commercially, Mr. Webb thought they 
would get the oe as good as new for the price of lifting the 
ship minus the value of the pontoons, but it should be borne 
in mind that it was not a question whether the ship was 
worth raising, but she had to be raised. He added, that 
after her four years and two months’ submersion, on 
examining the engines they were very little the worse. The 
Fe a did not even want boring, but he had to turn up 
the piston rods, and that was about the main repairs, all 
the other was only just cleaning up. 

Mr. Cowper observed that if a ship is held to the 
bottom by mud and sand, that might be got over by 
sending down a good pressure of air with a number of hose 
which would work the sand and mud away in a very short 
time. When flat-bottomed ships are sunk in the rivers in 
India, which had generally waly bottom and shifting sand, 
the sand soon silts up, and if the vessels are left long there 
they are left on a dry sandbank in the middle of the river. 
They are moved by sending down natives to dive as much as 
oT can, and with long bamboos to work the sand about, and 
if they once get the water to pass underneath it soon works 
the sandaway. Were some appliance used to force down 
air or water, he thought that either sand or mud might be 
a loosened so as to prevent, in fact, any ‘‘ suck ”’ 
at all. 

In reply to an inquiry from Mr. Paget, Mr. Webb stated 
that the 6 in. extra immersion of her pontoons was due to 
there being 90 tons of mud in the aaa 

Mr. Halpin said that the — of lifting power as stated 
by Mr. Kortright was 4 ft., and that was accounted for in 
a great measure by the fact that, for extra precaution, he 
took camels, which had to be built specially, and put them 
under the girders, and so got an additional buoyancy of 
some 150 tons; but when they came pretty close to the 





shore they could no lo 


do that, and they had to take 
the girders away and 


ethe camels from them, and at that 
time it was exactly as Mr. Webb said, there being about 
6 in. freeboard on the tanks. The bottom, where the 
Edith rested, was rocky and muddy. The divers stated 
that there is a shifting bottom, and it seemed to be an old 
quarry (for there was a lot of mud in it) for making the ~ 
new harbour works. With reference to Mr. Paget’s re- 
marks about the ‘‘suck,’’ Mr. Harland said he did not 
believe there wasone pound of ‘‘suck,’’ and this he (Mr. 
Halpin) found quite corroborated, because the moment they 
got the pressure on the Edith she canted over quite easily, 
and the second time when she was shifted successfully she 
came straight up without the least effort. There was no 
jumping up of the tanks, which would have been seen if 
there had any “ suck.”’ The most fatal mistake in 
the whole thing was, that he was deluded into taking the 
Government records of five years of the weather, and plot- 
ting a series of curves to show what kind of a i Holy- 
head was. He je ae. wre taking an average of five years, 
he might fairly calculate on some reliable result, but it 
proved quite the reverse. Since he had lifted the ship he 
believed they had had a greater sequence of good weather 
in that place than for seventeen years before. With regard 
to lifting the Vanguard, it would seem, according to Mr. 
Hayter, that there are two a difficulties—one 
that she is filled up with sand, and the other that divers 
could not be got to work. He quite agreed with Mr. 
Hayter in his — = that depth with divers 
was utterly out of the question; but at the same time he 
might say that he had designed an apparatus to do totally 
without divers. As he was patenting it, however, he was 
not in a position to speak more fully of it. Mr. Halpin 
added that he did not believe in the presence of sand. He 
did not see why a mass of sand should go between four and 
five miles out of its way simply because the ship has been 
sunk there. He believed there was no drifting sand about 
the place, or nearer thah within four or five miles . 

A vote of thanks was then ny to Mr. Halpin and 
Mr. Kortright, and this being done a paper was read ‘‘ On 
a Floating Docks upon an Improved System, at the Victoria 
Graving Dock,” by Mr. C. Elwin. Mr. Elwin’s paper 
was of much value and was followed by an interesting dis- 
cussion ; but as our space will not permit us to publish the 
paper this week we propose also to postpone our report of 
the discussion, as the remarks of the various speakers would 
scarcely be intelligible unless the paper and diagrams were 
available for reference. 

The next paper read was one by Mr. F. R. Conder, of 
Guildford, “‘On the Cost of Working different Descrip- 
tions of Railway Traffic.” Other demands upon our space 
prevent us from printing Mr. Conder’s paper, but we may 
say that in it the author advocates that the published ac- 
counts of railway companies should be more detailed so as 
to enable the relative costs of working goods and passenger 
traffic to be ascertained, while he also states his opinion that 
the mineral traffic on British railways is unremunerative, 
and that the cost of engineering works increases with an 
increase in the pro; ion of gross revenue derived from 
mineral traffic. In the discussion which ensued Mr. 
Conder’s views did not meet with support. Mr. Price 
Williams, who spoke first, dissented entirely from Mr. 
Conder’s conclusions about mineral traffic, although he 
thought some improvement might be made in railway com- 
panies’ accounts. Mr. Williams also drew attention to 
the increased wéar and tear of permanent way and rolling 
stock which accompanies increased speeds. Mr. Markham 
agreed with Mr. Conder in objecting to the unit “ train- 
mile,’’ but spoke of the great difficulty of so forming rail- 
way accounts as to allow of a comparison being drawn 
between different lines working under different con- 
ditions ; while he also—in opposition to Mr. Williams— 
took the ground that the wear of rails, &c., was prac- 
tically not affected by the speed. Subsequently, however, 
Mr. Williams adduced facts which quite proved his 
case. Mr. Ramsbotfom also adverted to the difficulty 
of introducing train tonnage into railway accounts, and 
Mr. Webb observed that in his opinion the published ac- 
counts of railways were, if anything, too detailed already, 
an opinion in which he was supported by Mr. Kershaw. 
Mr. Cowper stated that to any one riding on a locomotive 
the extra wear and tear attending increase of speed must 
be self-evident, while Mr. Paget spoke to the same effect, 
and remarked that Mr. Markham had not adduced any facts 
in support of his theory that increased s did not mean 
also increased wear. Mr. Conder having replied to the 
discussion, the meeting was then adjourned until the next 


ay. 
On Friday, the 12th inst., the first paper read was a very 
valuable one, ‘‘ On Experiments relative to Steel Boilers,”’ 
by Mr. W. Boyd, of Newcastle-on-Tyne. We publish the 
first part of this a on on page — of the present number, 
and we shall complete it next week. r. Boyd’s paper 
was followed by an important discussion, our report of 
which, however, we think it best to defer publishing until 
the conclusion of Mr. Boyd’s paper has appeared. The 
next paper read was one 7 C. W. Siemens, ‘‘ On the 
Construction of Vessels to Resist High Internal Pressure.’’ 
This paper we publish in extenso on page 308 of the present 
number. The paper having been read, Dr. Siemens said 
that he would be glad to hear the opinions of the engineers 
present on the advantages and disadvantages of the mode of 
construction described. The vessel which has been carried 
out on this principle has, he stated, so far given very satis- 
factory results, and he believed that vessels, such as air 
vessels, could be constructed in the manner described both 
cheaply and with great safety. It would be observed that 
each ring has not been made with turned flanges, but has 
simply a groove cut into it, and these grooves are all the 
same diameter and ion, so that when the copper rings are 
put into position the whole vessel is piled up and the bolts 
drawn on, and there is no further labour expended upon it. 
The copper wire is from } in. to ? in. thickness. 
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Mr. Weems, who spoke next, said as faras he understood 
the poper, Dr. Siemens’ plan for the construction of 
hydraulic cylinders is exactly what he (Mr. Weems) did 
twenty years ago. About twenty-five years ago, when his 
father first attempted to make brass tubes by hydraulic 

ressure in the manner in which pipes are now made (he 
Caries patented a machine for the purpose), he thought 
that by introducing a sufficient amount of hydraulic pressure 
he would be able to produce solid brass tubes. He madea 
cylinder exactly as the one described, putting on concentric 
rings, the only difference being that those rings were 4 in. 
square, and were shrunk on red hot in order to make 
it a thoroughly solid cylinder with a steel ring in the inside 
2 in. square. The block of brass was then put into 
the cylinder and pressure was ng on, and unfortunately a 
zinc tube was produced, and the copper was left behind in 
the cylinder, showing that the atomic theory of Professor 
‘Tyndall is correct, and that everything is held together by 
pressure, and can be separated. There is one important 
question with regard to the galvanic action between copper 
and steel. He might say that he always lined the cylinders 
which are used in the Arsenal at Woolwich for making 
rods of lead for bullets with copper, and in those he 
never found any difficulty. Therefore he looked upon 
the galvanic action refe: to at the end of the paper as 
merely a sentimental condition. So far as the construc- 
tion of hydraulic dresses is concerned, he remarked that 
one of their largest had been a 24in. press which has 
been introduced lately for the purpose of producing wood 
carving, and which produces it equal to that turned out by 
the most artistic carver; the pressure is 1500 tons ; but the 
largest press that his firm had ever made was one of 4000 


tons. 

Mr. Tweddell observed that in confirmation of Dr.'Siemens, 
he might mention a press he saw a few days ago at the 
works of Sir John Brown and Co., at Sheffield. It was 
very ingenious, and the same result was obtained as in Dr. 
Siemens’ plan. There were so many plates laid on each 
other, one on the top of the other, and grooved all round, 
and leather simply caulked in between. He believed it 
answered the purpose admirably; so that he saw no 
difficulty whatever in the question of the joint, except that 
he should like to ask Dr. Siemens why he put any cop 
atall. He considered that leather or hemp, or Deaeiie, 
would resist such pressure as he mentioned without any 
difficulty. He found ordinary hemp packing perfectly effi- 
cacious in the case of pressures up to 1500 lb. to 2000 lb., and 
that in fact it becomes almost self-packing. He also 
thought that in tightening up the nuts the strain might be 
thrown very unequally on the sides of the cylinder, and he 
therefore considered that it would be better to bolt or rivet 
the rings together through each pair of flanges. 

Mr. Bramwell could not agree with Mr. Tweddell as to 
the advisability of bolting the flanges together. If bolts 
were used to each joint, first of you have the great 
weight of the flanges on each joint, which would come to a 
very large percentage, and you would be in just the same 
doubt whether the bolts would be tightened uniformly all 
round, and that doubt would be repeated by the number 
of joints, whereas in Dr. Siemens’ plan there are only two 
bolts going the whole length of the vessel. With respect to 
the question of uniform tightening he might refer the 
members to a paper read by Mr. Wilfred Airy before the 
Civil Engineers on the mode of ascertaining that all 
the bars in a multiple bar suspension bridge, that is, all 
the bars in one group, were all tightened uniformly, by 
means of a tuning-fork. He proved to that Institution, 
which was somewhat doubtful whether that would not be 
too refined a method, that it was nothing of the kind, but 
that any ordinary workman furnished with the proper in- 
struments could detect with the greatest nicety whether the 
bolts were carrying a uniform strain, and that the sound 
was an unerring guide. With respect to constructing 
flanges for each section, many years ago when he was an 
apprentice, one of Haig’s vacuum plans of raising water was 
taken up for some mine in South America, and it was 
necessary that each piece should be about 120 lb., or some 
weight that could be carried on mule-back, and the question 
was how the vacuum pump was to be made. They made 
it somewhat in the way Dr. Siemens proposes, that is to 
say, in separate sections in length. They did not use the 
plan which he (Mr. Bramwell) thought so thoroughly good 
a one of an embedded copper ring in a groove as Dr. 
Siemens proposes, but simply made them of spigot and of 
faucet, and united them together by bolts extending from 
one end to the other. He found when he came to make 
the calculation of the weight for the independent flange to 
each section that it was all flange. He concluded that a 
marine boiler <could be made on Dr. Siemens’ plan, fin 
fact, boilers generally. A construction of this kind would 
dispense altogether with longitudinal seams, the bands 
being made of continuous rods, a plan which he had 
patented some fourteen years ago, but which had not been 
used much since through his not seeing how these rings 
might be united to one another. Dr. Siemens got rid not only 
of the longitudinal seams, but of the transverse seams also, 
and he got rid of them by a plan which seemed to him (Mr. 
Bramwell) quite perfect, except for the doubt which heenter- 
tained that there might be some unhappy action between the 
steel and the copper, if copper were vsed. Mr. Bramwell 
added that although he had been in the habit of laughing 
at the statement made by an eminent engineer in his day 
before a committee of the House of Commons in 1818, 
which sat on the question of boiler explosions, that there 
was no chance whatever of a boiler of high pressure steam 
exploding, because whenever the’ pressure reached above a 
certain point every rivet would leak and act asa safety valve ; 
yet he must say that from the mode of construction of these 
long bolts, allcapable of yielding after the limit to which 
they are screwed up was reached, there really was in Dr. 
Siemens’ system a kind of provision of a nat safety valve 


which would be very likely indeed to come into operation. 
Mr. Adamson, who spoke next, said that he could not 





| Supposing it to be 


support the system put forth. He believed such a boiler 
would begin to leak the first time steam was got up owing 
to the unequal expansion. It was absolutely impossible to 
get the top of the boiler heated as soon as the bottom, and 
the consequence would be that some of the bolts would be 
tight and some slack, and they would begin to leak before 
the boiler got to any pressure. As regards the smaller 
vessel, he had often been in the habit of welding vessels of 
about an inch thick of plate weighing two tons ; he con- 
sidered in this way there could be constructed a much 
simpler vessel for carrying the pressure alluded to in the 
paper than on Dr. Siemens’ plan. He had had numerous tests 
of welded joints, and was not so alarmed at them, perhaps, 
as some of his competitors. It is not an uncommon thing 
in his works to get steel welded plates that carry 26 tons 
per square inch ; in fact, the standard test for welding is 
26 tons per square inch, when the plate will break through 
at 32. An iron plate will not uncommonly get up to 18 tons 
per square inch at the weld, when it would break through 
at 20} tons, so that by adopting the system of a complete 
welded structure, he thought, with modern appliances (not 
employing too old men, for they who have traditions of the 
past to contend with, cannot well be get to adopt new 
things), vessels of this sort could be constructed in one solid 
piece, which must be superior to that put together with a 
number of bands. If one joint leaks you have to pinch 
every bolt and every joint to get that one tightened up. 

Mr. Olrick remarked that about three years ago he had 
to make a boiler that was to be absolutely tight, for 
ammonia. It was about the same shape and figure shown 
in Diagram No. 1 of Dr. Siemens’ paper, but made with a 
flat end. The manner in which the end of the boiler (which 
had stuffing boxes in it made of cast iron) was fixed to the 
boiler, was by making a very thick angle iron ring and 
putting a groove exactly in the same manner as is described 
by Dr. Siemens. The groove was not turned, but was cut 
very carefully with a round-nosed chisel, and with a copper 
wire placed in it, that was absolutely tight under a 
hydraulic pressure of 250 lb. Mr. Olrick wished to know 
whether Dr. Siemens had tested the vessel described with 
air, because he (Mr. Olrick) had found the greatest difficulty 
in making such a jvessel airtight. He made some years 
ago for the Trinity House, or rather for Professor Holmes, 
a steam boiler and also an air vessel for blowing his fog 
horn. The two were being tested at the same time at a 
hydraulic pressure of 120 lb., and although they were 
absolutely tight under hydraulic pressure, yet on sub- 
sequently testing one of them with air it was found im- 

ossible to get more than 30 lb. pressure. The only means 
& could find for making it tight was by varnishing it inside, 
and by that means they got it tight, but that was the last 
resource, because they could not find where it leaked. 

Mr. Cowper observed that there was a simple way of 
finding out an air leak, viz., by putting the pressure on 
inside, and wetting the vessel outside with soapsuds. It was 
thus possible to find out a leak of one-eighth of a cubic inch 
per hour. If the slightest speck possible is seen, even 
without a magnifying glass, if it enlarges that is a leak. 
He had proved that with thousands of tubes. 

Mr. Weems substantiated what Mr. Olrick had just 
stated. Very early in the career of his firm they proposed 
to use an inverted cylinder, or rather an hollow ram, under 
a high pressure of air, thinking that they should thus be 
able to overcome the difficulty of the rapid fall of pressure 
in hydraulic presses. They made this hollow inverted ram 
and coated it with a mixture of plaster-of-paris and tar, 
expecting thereby that the pores would be so thorough] 
closed that the air could not escape, but when they tried it 
they found the press as far down the next morning as 
the ordinary presses were, and after a good deal of experi- 
ence they discovered that it was a practical impossibility to 
maintain air in the highly compressed condition in a cast- 
iron receptacle. . 

Mr. Flannery observed that the discussion seemed to have 
moved chiefly on the application of this system of Dr. 
Siemens’ to air vessels, but he considered that a much 
larger and more important branch of the question is that 
shown in Nos. 2 and 3, the application of this system to 
marine boilers, and he thoroughly concurred with what Mr. 
Bramwell said in this respect. He presumed the concentric 
rings would be rolled from the solid, because the difficulty 
of having a longitudinal joint is that the strain upon it is 
very great. If this could do away with the longitudinal 


joints they would sensibly increase the strength of the|s 


iler in proportion to the thickness of the shell plate. 
Spee to have these concentric rings 
rolled out of the solid, or welded without a joint, why should 
they not go further, and by means of welding weld these 
seams concentrically? Then if they simply transferred the 
bolts, which are at present shown outside to inside, they 
would become stays. 
Mr. Olrick, adding to his previous observations, stated 
that he was able to say from his own experience that 
galvanic action was not a merely sentimental danger. In 
one instance, when he had protested against having copper 
tubes inside a boiler, the owner persisted in it, and in less 
than twelve months, by the action of salt water, and also in 
a lesser degree by fresh water, the whole of the top parts of 
the tubes were eaten away as with pin-holes, and the tube 
plate was in such a state that it was not advisable to use it 
any more. Thus he could not ascribe this to anything 
thing else but the galvanic action in the boiler. 
Mr. Paget remarked that in the system of construction 
described by Dr. Siemens, they had a shell which was ex- 
sed solely to one strain, which tends to rupture the ring 
in one direction, and the strength of the material in a 
direction at right angles to that is not used at all. It 
will be seen at the first glance that they were providing 
rings to stand a bursting pressure away from the centre, 
which rings may have considerable strength, and should 
also resist a longitudinal strain. Then they seemed to be 
adding material outside to take off the strain and to a 





certain degree not using the strength of the rings in a longi- 








tudinal sense. He would like to ask Dr. Siemens whether 
there were any experiments which would enable him to tell 
positively whether, supposing a piece of steel plate to be 
exposed to a longitudinal strain within 10 per. cent. of its 
elasticity, it under such circumstances retained its full 
strength in the direction at right angles to the longitudinal 
strain? If the exposure to strain in one direction induces 
weakness while under that strain, in the other direction, 
then there is more value in Dr. Siemens’ system of con- 
struction than there would be if that was not the case. 

Mr. Boyd agreed with Mr. Adamson that the differences 
of temperature and consequent unequal expansion would 
— it difficult to make a tight boiler on the system de- 
seri . 

Replying to the discussion, Dr. Siemens first commented 
on the observations of Mr. Weems, which he appeared to 
have misunderstood, and this caused Mr. Weems to explain 
that the press cylinder he had referred to as having fon 
made many years ago was first of all 88 in. in diameter of 
cast iron, in the interior of which were placed a steel ring 
from top to bottom 2 in. thick—a steel cylinder inside the 
cast iron on the outside, in order to make the hydraulic 
cylinder strong enough for the object they had in view; 
they then took 4 in. square iron rii ej turned them, 
and having made those red-hot put them on and shrunk 
them on the outside of the cast iron so as to make a 
thorough hydraulic cylinder. 

In reply to this Dr. Siemens said that the way described 
was precisely that in which he would not propose to do it. 
Probably the materials employed all fought one against 
the other. Mr. Tweddell had suggested that these joints 
should be made of leather or hemp. In answer to that he 
(Dr. Siemens) would suggest that these soft materials did 
not stand a very high pressure. Where they come to 
1000 lb. or 2000 lb. to the square inch, he had found india- 
rubber always to give way ; and moreover, to make such a 
joint they would have had to face the ri and to give 
them considerable breadth of face. Now it was easy to 
roll a cylindrical ring out of a solid ingot with only a very 
small flange, but the moment they attempted to roll a 
large flange the difficulty was very much increased, and he 
would say the strength would be very much diminished, be- 
cause unless they rolled these from soft materials they would 
stretch very much, and there would be a tension between 
the flange and the cylindrical part. 

Mr. Tweddell explained that; he had not proposed 
to make a joint like an ordinary joint, but to retain the 

ve, and simply to substitute leather instead of copper 
‘or so comparatively low a pressure as 1000 lb. 

Dr. Siemens, however, observed that he had found the 
copper ring answer its purpose remarkably well. Except 
in one place the vessel was as tight as a bottle up to 1300 Ib. 
to the square inch, and the flanges did not touch within ~yth 
of aninch. This gave great opportunity of tightening a 
bad place if sucha thing should occur. As he had men- 
tioned in his paper, at one place the copper ring had 
probably been injured, and there was a leak, but by taking 
a narrow chisel and portant back the copper ring by gentle 
taps it was rendered entirely tight. He would not quarrel 
with Mr. Adamson for not immediately falling in love with 
this construction, which is so far out of the present prac- 
tice; only if Mr. Adamson does not like joints he (Dr. 
Siemens) wondered why he rivetted, because rivetting was 
jointing all over, and surely if you take the total length of 
the rivetted seams and compare it with the length of the 
joint you will find that there is less length of joint in this 
than in a rivetted boiler. A very important objection had, 
he thought, been raised—the effect of unequal heating 
in the marine boiler. He considered this to be in 
his favour instead of counting the other way. If 
a vessel had solid sides, and the upper portion of 
it is heated while the lower portion is with cold 
water, a cross strain was naturally induced in the metal, 
and if the metal was not ductile it would certainly break 
in a longitudinal direction, whereas if a number of rings 
were put together and fastened round on the circumference 
at a definite number of points by independent elastic bind- 
ings, then he maintained that the unequal expansion did not 
in any way effect the strength of the structure. Each ring 
could be a little less in breadth at the bottom, and a little 
more in breadth at the top or at the sides, and it has onl 
to fight against its own bolt, and these bolts were made 
purposely erg | He should also make the bolts of 

teel, with at least $ per cent. of carbon, because a bolt 
of that description not only rs a pressure of 50 tons to 
the square inch with perfect safety, but in its length can 
allow of those variations in distance between the flanges 
which may have to be contended with. Moreover it must 
be borne in mind that each bolt partakes of the tempera- 
ture of the boiler. On the side where the boiler is hotter, 
there the bolt will be slightly hotter ; and it will therefore 
adjust itself naturally to its work. It has mn sug- 
gested by Mr. Flannery that it might be better to weld the 
flanges together. The objections urged against this 
were that in welding you would have, to begin with,a 
great deal of labour; you would injure very materially 
the joints, and you would certamly reduce the tensile 
strength of the material in the direction of the chief 
effort. That morning they had had _ under con- 
sideration boilers constructed of very mild steel. Now 
in his system of construction he proposed a departure from 
that practice as regards the outer shell of the boiler. In- 
stead of steel capable of bearing 28 tons or 30 tons to the 
square inch, he would put material that would stand 45 tons 
to the square inch. If sucha material was to be rivetted 
it would be unreliable ; if there were holes bored in it ever 
so,carefully for the reception of bolts it would be unreliable, 
but if you could take a soe oot roll it in the direction of its 
strength, that is, not breaking its continuity in v= way, 
it may be loaded up to one-half of its breaking strength 
with the utmost safety. The result is that he could get on 
these rings a working load of 15 tons per square inch, o¢ 
probably more than double the amount which he otherwise 
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Therefore he maintained 
that this isa light construction. Then again Mr. Hawksley 
had drawn attention to the fact that very pure metals are 
more apt to corrode than a metal, especially steel, contain- 


should venture to put upon it. 


ing a higher proportion of carbon. Now an outside boiler 
has only to resist internal pressure, and is apt to corrode 
more than the fire tube of the boiler which is just between 
steam and water. This shell would aave an nein 
that way, too; there would te less corrosion undoubtedly 
in steel of this temper than there would be in steel of a 
very mild temper. Mr. Paget had called attention to a 
defect of this construction, which must be patent to any 
one at first sight, namely, that the metal ring does not aid 
in any way to give longitudinal strength. That no doubt 
is the case, and it involves the necessity of providing for 
the longitudinal strain separate bolts ; but a little calcula- 
tion would convince Mr. Paget that the amount of metal 
necessary to provide against longitudinal strain in the 
cylinder was very much less under any given pressure 
than the amount of metal necessary to provide against 
the bursting strain, and although he could not answer 
his question absolutely, nor say whether the bursting 
strain upon the metal would or would not in- 
capacitate it to bear its fall quota of longitudinal strain, yet 
even supposing that the metal is not in any way incapacitated 
from bearing its full amount of bursting strain by the 
longitudinal strain, he could show that a vessel con- 
structed on this principle, notwithstanding the weight 
necessarily added by the bolts, is a very much lighter vessel 
than if the plates were rivetted together in the ordinary 
way. In the case of a hydraulic cylinder the bolts have no 
strain to bear, there is only the bursting pressure to be 
dealt with, and the bolts have only to be strong enough to 
make the joints good. The resisting pressure in the longi- 
tudinal sense is borne by the material to be compressed, 
and, therefore, need not be provided for. To keep the 
rings in position when the cylinder is placed horizontally, no 
special provision is made, but he considered that a ring of 
copper in a section of that size, which is probably a ¢ in. 
copper ring wedged in between the two faces, was quite 
capable of resisting any amount of accidental side thrust 
that might come upon the vessel. Uhe pressure of the 
steam would hive no tendency to slide one ring past the 
other. If it were thought necessary a gnide could easily 
be provided on the outside, but he would prefer not to do 
so, but to let each ring be perfectly at liberty to take its 
own position and to expand as it liked. 

A vote of thanks having been passed to Dr. Siemens for 
his paper, and the time for the conclusion of the meeting 
having been reached, the reading of the other papers on the 
list was adjourned until the Manchester meeting in the 
autumn; anda hearty vote of thanks having been accorded 
to the Institution of Civil Engineers for the use of their 
rooms, it was announced by the President that the next 
meeting would be held at the Conservatoire des Arts et 
Métiers, Paris, on the 11th June, and that it would com- 
mence at 9 o'clock in the morning, as they were going to 
adopt French hours. 

A vote of thanks to the President brought the very suc- 
cessful meeting to a conclusion. 








Sr. Gormarp Rartway.—A supplementary subvention 
from the three States interested in the St. Gothard Rail- 
way has been finally promised, and the committee of cre- 
ditors have decided upon taking debentures to the further 
extent of 800,0001. 





(Hor Description, see Page 305.) 
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IRON PERMANENT WAY. 
To THE EDITOR OF ENGINEERING. 

Str,—Mr. Charles Wood has read before the Iron and 
Steel Institute a paper (published on page 267 of your 
issue of the 5th inst.) on his railway sleeper and clip chair, 
and has also given some information about other iron per- 
manent ways, amongst them about Mr. Hilf’s. P 

I am not fora moment going to enter into a discussion 
of Mr. Wood's opinions, but believe that you will think it 
fair to correct some statements given by Mr. Wood as facts, 
and which are entirely erroneous and inexact, discrediting 
thus an invention which by the mere fact of its being, with 
regard tothe mileage built in Europe by a very long way at 
the head of any other system, is proved to deserve a serious 
consideration rather than condemnation on superficial and 
second-hand information. 

Passing minor inexactitudes, so farfrom requiring nearly 
twenty separate pieces per yard of single line, Mr. Hilf’s 
system requires only thirteen. Now with a little trouble 
or with a little fairness Mr. Wood could have found that 
ordinary first-class English permanent way requires not 
only the same number, but I should say about fourteen. 
That is more than Hilf’s. 

As to the difficulty raised about the applicability of 
Hilf’s system to curves, this amounts to nothing in practice. 
The sleeper for curves remains entirely the same as for 
straight lines, the top being broad enough to allow of the 
bend rail securely reposing on it down to the smallest 
radius employed on ordinary railways. All that is required 
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row of tube plate stays without rendering that portion of the 
boiler inaccessible for cleaning or repairs, and this even with 
or dinary cylindrical furnaces; but I apprehend that with 
| the corrugated flues, a complete ring of stays will be re- 
| quired round each furnace to compensate for the longitu- 
| dinal stay-power being destroyed, and I fear these stays 
would, in a marine boiler, puzzle a boiler-maker, examiner, 
| or cleaner in the execution of his duty. I believe the de- 
| struction of stay-power caused by flanging and ringing or- 
dinary cylindrical furnaces being uncompensated is the 
great cause of their leakage and failure. 

So far as heating surface is concerned, I fear the increase 
attributed to the corrugated furnace is imaginary—in fact, 
something like that old joke the corrugated piston. 

Another objection I see to the corrugations is, the diffi- 
culty of cleaning them, and also the inconvenience of a 
ridged ashpit ; if the latter is covered by a plate, corrosion 
may be going on underneath and unsuspected, and if by 
cement the same thing or even an explosion might occur 
through a collection of water under it. 

Altogether, I must say I would prefera collapsed furnace 
to the front of a boiler coming out in a confined stokehold, 
if present personally. 

No doubt the corrugated furnace is very ingenious, but I 
fear it is robbing Peter to pay Paul, or sacrificing longi- 
— strength to obtain unnecessary resistance to col- 

apsing. 

I may be wrong in my ideas, and shall be glad to be con- 
— to the contrary. Apologising for the length of this 

etter, 


April 15, 1878. 








I am yours truly, 
INQUIRER. 








CIvit AND MECHANICAL ENGINEERS’ SoctetTy.—On 





is that for each of the several different radii of curves | 


adopted on a railway system, a templet with the holes 
punched according to the line of the curve be kept in the 
central depSt, where all punching is done, or that a number 
of sleepers punched to each curve be ordered from the 
makers. Nothing is left with regard to this to workmen 
employed on the line, and it is therefore not correct that any 
specially experienced workmen only are employed for the 
laying Sonn ; and as to tools, they require nothing but 
screw keys. In fact the extraordinary ease and absolute 
exactitude with which this system cannot help being put 
dowd is one of its chief advantages. The workmen, how- 
ever clumsy, cannot do otherwise but fix the permanent way 
properly, as nothing is left to their judgment, provided only 
they have intelligence enough to use a screw key. 
Yours truly, 
Henry Simon. 
7, St. Peter’s-square, Manchester, April 16, 1278. 








FOX’S CORRUGATED FLUES.,. 
To THE EprToR OF ENGINEERING. 

Srr,—The tests of the above flues have been watched by 
many with the greatest interest, and more especially by 
those engineers more intimately connected with the manage- 
ment of fleets of steam vessels. I am one of the latter class, 
and I venture to trespass upon your space in order to obtain 
through the medium of your valuable journal the opinion of 
other gentlemen concerning these flues, I failing to see any 
advantage to be gained by them in marine boilers. 

In the first place, the circumferential corrugations render 
the furnaces useless as stays between the front and back 
tube plates of ordinary marine boilers—indeed the tendency 
of the corrugations is to elongate the flue or tube under ex- 
ternal pressure, and thus help to force the back and front 
tube plates asunder rather than stay them together. Now, 
in marine boilers the greatest difficulty is experienced in stay- 
ing fronts and backs of boilers between furnaces lowest 











Thursday, the 11th inst., a paper was read before the above 
society by H. Ellis Hill, Assoc. Inst. C.E., honorary 
treasurer, ‘‘On the Arrangement and Construction of Gas 
Works.’ The author, after speaking as,to the selection of 
site, described the various buildings and apparatus of a 
works necessary to supply a town of 5000 inhabitants, giving 
rules and particulars by which each part might be correctly 
designed and proportioned. A discussion followed, and the 
meeting then adjourned till Thursday, May 2nd, when a 
paper will be read by William C. Street, Assoc. Inst. C.E., 
- n Landing Pier and Concrete Warehouses at Thames 
aven. 





Empioyers LIABILITY FoR INJuRIEs BrLu.—Mr. 
Macdonald moved in the House of Commons, last week, the 
second reading of this bill. At present no servant could re- 
cover damages for injuries caused by the negligence of a 
fellow-servant, and this bill proposed toalter the law. Mr. 
Macdonald urged that it was puerile to contend that reck- 
lessness was the act of the men, for employers had 

ower to prevent the men being reckless by maxing bye- 
aws for their works. He referred to the law in Germany, 
France, and other countries, to show that the bill would only 
resemble the restrictions imposed on employers in those 
countries, the object aimed at preventing neglect. Mr. 
Tennant opposed the bill, as it would create greater evils 
than those that were acknowledged to exist. Mr. Brassey, 
as one largely interested in railways, said that he was 
anxious to see the injustice removed of which railway ser- 
vants had so much to complain. In the four years prior to 
1877 there were 2960 persons employed on railways in this 
country killed, and 9000 injured—a yearly average of 74° 
deaths, and 2250 casualties. He earnestly hoped that some 
legal enactment should be passed by which any official of a 
company having been guilty of negligence, and thus the proxi- 
mate cause of injury, the company should be made liable in 
civil law. After lengthened Tecnnien the Attorney- 
General stated that the law as it stood was very harsh 
inst employers. He, however, undertook to bring in a 
bill which should alter and amend the law as relating both 
to employers and employed. He did not see that it was ne- 
cessary to make any legal difference between railway and 
other servants. Eventually Mr. Macdonald’s bill was 
” ed out,” although much sympathy seemed to have 
been excited in its favour. 
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NOTES FROM THE SOUTH-WEST. 

* A Telegraph to Lundy Island.—On Thursday, at a 
meeting of the Cardiff Shipowners’ Association (at which 
Swansea and Newport were also represented), it was resolved 
to form a company to connect my Island (from the 
south-east corner) by telegraph with the mainland at 
Hartland, and thence with the Government wires. It was 
estimated that the expense of laying the cable, erecting a 
signal station, &c., would be 5500/. The working expenses 
were put down at 3001. a year, and it is anticipated that the 
company can be worked at a profit. The capital of the 
company will consist of 10,000/. in 1000 shares, and _two- 
thirds of the capital will be called up. About 160 shares 
were taken up in the room, and a working committee of 
representative gentlemen at Cardiff, Swansea, Bristol, 
Newport, and Gloucester was formed. 


Steam Launch Gear for the Mediterranean.—Twenty- 
five boats, principally cutters, as well as a quantity of 
steam launch gear, have been shipped at Portsmouth for 
the Mediterranean. The gear include two new boilers of 
six-horse power for 37 ft. steam pinnaces, two repaired ditto, 
three new 4}-horse power for pinnaces, four ditto, three- 
horse power for cutters, and three ditto 2}-horse power for 
cutters. ‘The boats and gear were taken to Sheerness, 
where they were received by a steamer chartered for the 
Mediterranean. 


Wembdon.—At a meeting of the rural sanitary autho- 
rity held on Wednesday, a report and plans of the pro- 

ed sewage scheme for Wembdon were received from 
Mr. Hawkesley, engineer, whose estimates of the cost of 
the works contemplated amounted to 50001. The matter 
was deferred for further consideration. 


The Cefn-y-Wrach Shoal.—A powerful steam dredger 
belonging to the Marquis of Bute been at work on the 
Cefn-y-Wrach shoal during the week, and has cleared 
away a great quantity of the obstruction. 


Railway Progress in Cornwall.—A contract for build- 
ing a large and commodions station at Penzance has been 
let to Messrs. Vernon and Ewens, contractors, of Chelten- 
ham, who are at present engaged in building a new station 
at Torquay. A day or so since, Mr. Lancaster Owen, the 
chief engineer of the Great Western Railway, Mr. Mar- 
gary, western district engineer, together with the con- 
tractors and chief officials, assembled at the Penzance 
station, when the first sod was cnt and the foundation 
stone laid of the new terminus, the cost of which will be 
between 12,0001. and 13,0001. A new stone viaduct over 
the Moorswater Valley has been commenced. Ground for 
the foundation was broken on the Liskeard side on Mon- 
day, by a gang of twelve men. The work, as has been 
previously announced, is to be done under the direction of 
Mr. Margary. There were half a dozen tenders sent in 
for the work, but the directors of the Great Western Rail- 
way company considered that they could do it cheaper 
themselves. Lupengenente have been made for immediatel 
making a new loop line which is to connect the Cornwall 
Railway with the Cornwall Mineral line and facilitate travel- 
ling to Newquay. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLEsBRovGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a fair 
attendance on ’Change at Middlesbrough. There was little 
inquiry and less business. Prices fell a shade below those 
of Tast week, and parcels of No. 3 were bought at 39s. 9d. 
rton. It is generally believed that, until there is some 
efinite action taken which will settle the Continental affairs, 
trade will continue in its present lamentably depressed 
state. And there is only one opinion as to the future, 
should the complications of the Eastern question be peace- 
ably arranged, and that is that good trade for the next few 
years would be the result. 


The Finished Iron Trade.—Miserable prices are quoted 
by iron manufacturers in the North of England, and yet 
they cannot obtain orders. The competition is ruinous. 
In the face of this state of things Mr. David Dale, of 
Darlington, has given his award on the wages question of 
the North of England, and, as was expected, he makes a 
considerable reduction. Mr. Dale’s award is: ‘‘ That from 
and after Saturday, April 13, 1878, a reduction shall take 
place of 9d. per ton in puddling, and 7} per cent. in all 
other wages and prices customarily affected at each works 
by the Board’s district wages changes.’’ Itis to be regretted 
that sections of the men on Tees-side have partially stopped 
some of the works by declining to submit to the award. 
It is expected that the leaders of the men will point out 
the necessity of the men remaining loyal to arbitration. 








Engineering.—There is nothing new in engineering in the 
North. All the firms are tolerably busy. “Shipbuild rs too 
are well employed. 


The Coal Trade.—It has been decided b 
that longer hours are to be worked in the 


arbitration 
rham coal 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday Evening. 
_ The Steet Trade.—The following extraordinary assertion 
is made : ‘‘ Germans resident in Sheffield say the steel made 
in Westphalia is sent over to Sheffield and resent to West- 
my where it is sold as Sheffield steel. If this story be 
true it proves that Sheffield still retains, even in Germany, 
its ae ope reputation for a good article.’’ The Board 
of Trade returns prove that very little steel of German 
=e is brought to this country, but that large quantities 
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of cast steel, as a rule, have to meet 





French, German, and Belgian competition, but the leading 
nouses here have not yet lent themselves to such practices 
a8 are indicated above. 


Derbyshire Institute of Mining Engineers.—The general 
and quarterly meeting ot the Chesterfield and Derbyshire 
Institute of Tsien Engineers was held on Saturday last at 
Chesterfield, when Mr. G. Coke took the chair, in the 
absence of Lord Edward Cavendish, the President. The 
new members elected were Mr. Bagshawe Cockayne, manu- 
facturer, Sheffield; Mr. Edwin Eardley, mining engineer, 
Fall House, Heanor; Mr. Marcus Fenton, steel manufac- 
turer, Sheffield ; Mr. John Henry Harden, mining engineer, 
Philadelphia, U.S.; Mr. William O. Plowright, engineer, 
Brampton ; Mr. Robert Hixon Redhead, colliery manager, 
Tamworth ; and Mr. Joseph Trippett, mechanical engineer, 
Sheffield. The Chairman, in his introductory proceedings, 
announced that Major F. Duncan, R.A., of St. John’s 
Ambulance Association, had written, desiring the assistance 
of the Institute in the discovery and manufacture of a suit- 
able ambulance cage or chair for collieries, or particulars of 
existing cages to which the ambulance might be adapted. 
After discussion, it was decided to invite Major Duncan to 
attend the annual meeting of the Institute. The papers 
discussed were Mr. Alfred Eley’s paper on “‘ Spontaneous 
Combustion in Coal Mines, and its Treatment ;’’ Mr. H. 
M. Mill’s paper, entitled, ‘‘ Description of Bearpark Col- 
liery Surface Arrangements ;’’ a paper by Mr.,G. E. Smith, 
** The ~_Ene and its Application in Mining ;’’ ‘‘ Guibal 
Fans,”’ by Mr. R. F. Martin ; and some other papers were 
taken as read. The Chairman, at the conclusion of the 
proceedings, was thanked for his attendance. 


Improvements in  Chesterfield.—The rural sanitary 
authority of Chesterfield has decided to cleanse out the 
water-filtering beds in their district and tenders will be 
invited in about three months for the work. The same 
body are about to lay mains for the water supply of 
Morton, Shirland, Higham, and Stretton. The drainage 
works at Barrow Hill are to be carried out at a cost of 
7501., the plans having been approved of by the Local 
Government Board. 








NOTES FROM THE NORTH. 
Guiasaow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday’s pig-iron 
market was dull, and only a small amount of business was 
done at prices unchanged from those of the previous day. 
During the forenoon 51s. 1d. cash was paid, and buyers 
remained at the close, with sellers asking 5ls. 1d. 
Business was done in the afternoon at 51s. 1d. cash, and 
51s. 1}d. eight days, and the market closed with sellers at 
those prices and buyers near. The warrant market was 
again dull on Friday, and prices receded 1d. per ton, the 
week closing with prices 1}d. under those of the previous 
Friday. Iron changed hands during the forenoon at 51s. 0}d. 
cash, and at 51s. 2}d one month, and at the close there were 
buyers at those prices, and sellers near. In the afternoon 
51s. cash was accepted, and the week closed with sellers 
asking 51s. cash and 51s. 2d. one month, and buyers very 
near. Yesterday’s market was likewise very dull, and 
prices in receded 1d. per ton. Towards the close, how- 
ever, 4d. was recovered. The only business 
during the forenoon was done at 50s. 11d., at which from 
3000 to 4000 tons changed hands, the market closing with 
sellersat that price and at 51s. 1d. one month. In theafternoon 
5Us.11d. and 50s.114d. cash were paid; and at the close sellers 
were asking 50s. 11}d., and buyers offered 4d. per ton less. 
There was a steady market this forenoon, and a few lots 
changed hands at 50s. 11d. cash, with buyers over at the 
close, and sellers asking 51s. The afternoon market was 
quiet, and there were buyers at 50s. 11d. cash, and sellers 
at 51s. The market continues to be exceedingly inanimate, 
and indeed almost stagnant, business being contracted to 
the smallest compass, while the demand shows no signs of 
improvement. Most brands of makers’ iron in second 
hands can be obtained on easier terms than were asked a 
week or ten days ago. It is confidently affirmed that the 
stock of pig iron in the warrant stores and in makers’ hands 
has increased since Christmas to the extent of from 35,000 
tons to 40,000 tons; and from Coatbridge it is reported 
that the amount of stock on hand along the banks of the 
Monkland Canal, from Gartsherrie, Summerlee, Calder, 
and Carnbroe, to Langloan, is something altogether unpre- 
cedented. Two blast furnaces have bem blown out at 
Chapelhall, so that the number now in actual operation is 
reduced to 89, as against 110 at the same time last year. 
Messrs. Addie and Sons, at Langloan Iron Works, and 
Messrs. Dixon and Co. (Limited), at Calder Iron Works, 
are making important extensions to the productive power 
of their blast furnaces, which are henceforth to be of the 
largest size, and provided with close tops so as to economise 
the furnace gases. Last week’s shipments of pig iron from 
all Seotch ports amounted to 9441 tons, as compared with 
10,721 tons in the corresponding week of last year. A small 
quantity of pig iron was sent into the public warrant 
stores during the past week, and the total stock with Messrs. 
Connal and Co. up till last Friday night was 170,882 tons, 
thus showing an increase of 425 Sean Seatiae the week. 


Glasgow Water Supply.—At yesterday’s meeting of the 
Glasgow Corporation Water Committee it was reported 
that the quantity of water in store on the 8th of April 
was :—In locks, 101 — supply ; Mugdock reservoir, 13 
days’ supply ; and in Gorbals reservoirs, 174 days’ supply. 
The quantity sent into the city during the p ing fort- 
night averaged 32,760,000 gallons per day. It was also 
stated that the revenue at the same date was 121,2861., 
a increase of 17931. on the revenue at the corres- 
ponding date of the previous year. 

Northern Harbour Works.—At a meeting of the Piers 
and Harbour Commissioners at Kirkwall, held yesterday, 
it was resolved to solicit tenders for the construction of a 





rted | of improvin: 


Rd ad at Scapa, and a new access road from the east 
side of Scapa Bay to Junction-road, Kirkwall. It is esti- 
mated that the cost will be about 90001. The Lerwick 
Harbour Trustees are also about to undertake some im- 
portant ee works, including a deep-water landing- 
ier, a bridge, a jetty, esplanades, wharves, &c. Mr. W. 
ce Cay, .E., Aberdeen, is the engineer who has designed 
e works. - 








FOREIGN AND COLONIAL NOTES. 

An Aqueduct across the Hudson.—It is reported that 
the Phoenix Iron Company of Pennsylvania have secured a 
contract for the construction of an aqueduct across the 
Hudson river. 


Baltimore Car Wheels.—The Baltimore Car Whee! 
Company have recently made a lot of 42-inch wheels for the 
Grand Trunk Railway of Canada, and a number of wheels 
for some Baldwin narrow-gauge locomotives. This com- 
pany use only Baltimore iron. 


Pennsylvania Coal.—The production of coal in Penn- 
sylvania to March 2, this year, amounted 2,284,063 tons as 
compared with 2,671,443 tons in the corresponding period 
of 1877. These figures represent the extraction of both 
anthracite and bituminous coal. 


Railroads in Minnesota.—In 1867 the State of Minne- 
sota had 429 miles of railroad. In 1877 the total had 
grown to 2191 miles. 


American Armour Plates.—Some specimens of armour 
plates, made by Messrs. Zug and Co., of Pittsburgh, by the 
Wheeler proc2ss, have attracted attention. The process is 
a combination of iron and steel. The pile for the plates 
was constructed as follows :—A wrought-iron plate, 8} by 
15} in. thick, formed the bottom; on this was placed a 
series of longitudinal iron-coated steel bars, 2 in. by 
f}iin.; a second series of the same material laced 
crosswise, an iron plate similar to the bottom, another 
series of longitudinal bars, an iron plate, another series 
of crosswise bars, and all covered by an iron plate 
the whole forming a pile 8} in. by 15} in. by 54 in. It was 
then placed in the heating furnace and rolled out in one 
heat into a plate of 8 in. wide by 1} in. thick, and 6 ft. 
long. A section 8 in. long was cut from this, and the end 
polished to show its structure. The welds were so perfect 
as to be imperceptible, although the alternations of the iron 
— steel were plainly visible from the higher polish of the 

tter. 


The French Iron Trade.—The Denain Iron Works have 
obtained an order from the Mediterranean Forges and 
Shipbuilding Yards Company for 500 tons of plates for 
shipbuilding purposes. 

Rolling Stock at New York.—The New York Elevated 

i Company have awarded contracts for 30 locomo- 
tives and 60 cars. The Gilbert Railway Company are 
having 60 cars built for them at the Pullman Palace Car 
Company’s works in Detroit, and most of them are already 
far advanced. They cost 4000 dols. each. 

The Port of Melbourne.—Sir J. Coode has arrived at 
Melbourne, for the purpose of reporting on the best means 
the port. Preparations for the defence of 
the port in the event of a European war have been actively 
proceeded with. 








THE WESTINGHOUSE AUTOMATIC BRAKE.—We learn 
that the Western Railway of France has just given to the 
Westinghouse Automatic Brake Company a further order 
for fitting 100 engines and 900 carriages. 





Tae Paris ExuH1sITIon.—The following letter has been 
received by the Council of the Society of Arts from His 
Royal Highness the Prince of Wales in reference to the 
forthcoming Paris! Exhibition :—‘‘ Marlborough House, 
Pall Mall, S.W., April 13, 1878. Sir,—As President of the 
Royal Commission for the Paris Universal Exhibition, I 
am desirous of ascertaining what assistance can be given 
towards the visit of artisans, who might be delegated to 
examine and report upon the special technicalities of the 
various industries, which will be displayed at this Exhibi- 
tion. Similar reports were made during the Paris Ex- 
hibition of 1867, and the Society of Arts, always foremost 
in promoting such undertakings, took an important part in 
bringing together the very valuable documents which were 
published at that time. At the Vienna Exhibition, also, 
reports of a like nature were drawn up, and a small volume 
containing much interesting information was the result. 
In the present instance, ving undertaken the re- 
sponsibility of the executive arrangements connected 
with the Paris Exhibition, I should be glad to hear that 
the Council of the Society of Arts ‘find that it is in 
their power to co-opera with the Royal Com- 
mission in providing for the funds and organisation which 
will be necessary in order to carry out the object in view. 
The Royal Commission will contribute a sum of one hundred 

ineas out of the vote which has been placed at their 

isposai for the British Section ; and as a further proof of 
the interest which, in common with my colleagues, I take 
in the promotion of these visits, I propose to request 
certain members of the Royal Commission to form them- 
selves into a committee for the yan of co-operating 
with the Council of the Society of Arts. Iam, Sir, your 
obedient servant, Albert Edward P. To P. Le Neve 
Foster, Esq., Secretary of the Society of Arts.’’—The 
Council, at their meeting on Monday, expressed their 
willingness to undertake the duties proposed by his Royal 
Highness, and to render such i ce as lay in their 
power to farther the object in view. For this purpose they 
nominated a committee to co-operate with the committee 





appointed by his Royal Highness, and voted one hundred 
guineas towards the expenses of the undertaking. 
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STEEL PLATES. 

THE most accurate knowledge of the ductility 
and other mechanical properties of a plate can be 
gained by testing to destruction a strip cut from 
it, and this is the only method to use when we 
require to compare the ductility and tenacity of 
twoor more samples withany degree of exactness. It 
is almost needless to say, however, that the expense 
of carrying out this method with anything like the 
accuracy necessary to be of real service must pre- 
vent its vane ements by all but a very few boiler- 
makers and shipbuilders. Fortunately, however, in 
order to enable the user to satisfy himself of the suit- 
ability of a steel plate for any purpose for which he 
may require it, a simpler and much less costly test is 
in most cases sufficient. This is what is well known 
as the ‘‘ temper test,” and consists of heating the strip 
of plate to a bright red and plunging it into cold water 
and then bending it cold. The range and sudden- 
ness of the change of temperatr e in cooling and 
the degree, of consequent bending the plate will 
stand serve to indicate its quality with respect to 
ductility and soundness. The Admiralty temper 
test for steel plates is as follows: ‘Strips cut 
lengthwise of the plate, 1} in. wide, heated uni- 
formly to a low cherry-red, and cooled in water 
of 82 deg Fahr., must stand bending in a press 
to a curve of which the inner radius is one and 
a half times the thickness of the plates tested.” 
Lloyd’s Register temper test for ship and boiler 
plates.is practically the same as this,* 

We may here remark that, however valuable this 
temper test maybe and in our opinion actually 
is, it is Dy pomesns on sbaclntaly accurate test, since 
by skilful manipulation and allowing plenty of time 
for the operation, one smith can ea strip pass a 
given test where another will fail to do so. When 
the bending is done by hammering in the ordinary 

* See ENGINEERING, pp. 35 and 182 ante. 








way, the —. to which any given plate may be 
made to fold back upon itself depends greatly upon 
its temperature and upon the direction, position, and 
intensity of the blows on its surface by which the 
bending is effected. 

When a steel plate is tested for its tenacity the 
tensile test is made in order to ascertain whether 
the tenacity is not over a certain limit, rather than 
that it is not under this limit, and in order to as- 
certain the amount of elongation, the object being 
to determine whether the ductility is sufficient to 
insure absence of liability to harden locally by tem- 

ering, shearing, punching, and smithing, and suf- 
cent not to allow cracks to spread quickly and 


ts,| without warning, a drawback possessed by steel and 


a consequence of its homogeneity. The temper 
test is certainly a more direct method than the 
tensile test of ascertaining the suitability of the 
material for smithing and bearing sudden cooling, 
while it is equally as good for judging of the other 

ualities, where an exact comparison is not required. 
it is not surprising then that the makers of steel 
plates use this simple temper test largely. In fact, 
they are understood to apply it to every plate that 
is rolled at the present time, so that the quality of all 
steel plates is now pretty well insured. How long 
they will continue to do so itis impossible to say, 
but when they become more certain of the quality 


of the material, it is probable that the giving —_— 


the testing of every plate will be one of the 
steps towards reducing the cost when competition is 
keener than at present, and leads to a lowering of 
_— The accumulation of test specimens must 

e already very large at some of the manufacturers, 
and it can hardly be expected that makers will long 
continueto mark the bent test shearings with the same 
numbers as the plates from: which they are cut, and 
preserve them for the purpose of comparison in the 
event of the plates turning out brittle; as is sug- 
gested in Lloyd’s Committee’s report on steel for 
shipbuilding. 

e have dwelt at some length on the value of this 
temper test, in consequence of hearing not long ago 
at a meeting of engineers and shipbuilders, a learned 
professor, whose name is well known amongst naval 
architects, ask in an elated manner what is the value 
of a hot test for ship plates, for of all places in the 
world a ship’s bottom is the least likely ever to get 
red hot,:.Had this remark come from a less en- 
lightened source and not been received with evident 
satisfaction by a number of engineers and ship- 
builders, it would have appeared unnecessary to say 
that the test was designed to prove the suitability of 
the plates for the treatment they received previous, 
as well as subsequent, to their immersion. when 
rivetted in their place. ‘ 

It is well known that iron plates, of any given 
quality are injured by punching to-a greater degree 
as they increase in thickness. There is unfortunately 
a lack of experiments to show the relation between 
the amount of injury and the thickness of the plate. 


Ductile steel plates are affected in a somewhat | | 


similar manner. The thicker the plate the greater 
the loss of strength due to punching, and a series of 
experiments to determine these amounts for diffe- 
rent thicknesses is very much wanted. With steel 
plates of even 26 tons tenacity and unannealed after 
unching, the damage as regards extension stress 
Shae by punching compared with drilling increases 
rapidly with the thickness of the plate and the hard- 
ness of the material. There is, however, this diffe- 
rence between punched steel and iron plates, that the 
tensile strength and ductility of the former can to a 
very great extent be restored by annealing, whilst 
the same process has comparatively little effect in 
restoring the strength lost in punching iron plates, 
The loss of strength in a plate } in thick, punched 
and unannealed, may be 2-per cent,, in a 4-in. plate 
15 per cent., and in a 1-in... plate over 30 per cent., 
the solid plates of the different thicknesses having 
the same tenacity and ductility, By annealing these 
plates after punching these losses may be reduced 
to from 2 to 5 per cent. in the thicker plates. 
With a harder steel, say, of 32 tons tenacity, the 
damage in 4in. plates unannealed would be almost 
5 per cent., in $ in. plates 20 per cent,, and in ]’in, 
plates 40 per cent. By annealing the loss may be re- 
duced to. what we have given for the softer plates. It 
is thus seen, as regards the injury done by punching, 
that. when the plates are annealed the stronger 
plates may not suffer more..than those .of inferior 
tenacity and greater. ductility. : io 
The damage sustained by the plate in: punching 


increases not. only. with the thickness of. plate but. 


also with the increase of ratio of thickness of plate 





to diameter of punch. In practice this ratio in- 
creases rapidly with the increase of thickness of 
plate, and this is mainly the reason that thick plates 
suffer so much more than thin ones. By making the 
die large in proportion to the diameter of punch, 
and by keeping the point of the punch rather con- 
cave than convex and the punch and die in good 
order, the damaging effect of the punching can be 
reduced to a minimum for any given ratio of thick- 
ness of plate to diameter of punch. The American 
spiral-faced —_ which has lately been intro- 
duced into this country, is also stated to injure 
steel plates materially less than ordi punches, 
and experiments lately made at Crewe by Mr. 
Webb appear to prove this. If, however, it be 
required to save more of the strength of thick plates 
of steel than many are content to save in the case of 
iron plates, the steel plates must be either drilled or 
annealed after punching. 

Since the endeavour to obtain a low tenacity in 
steel plates, which we have advocated, is partly 
with a view to insure sufficient ductility to enable 
them to be smithed and punched without the neces- 
sity of subsequent annealing, and since there is a 
limit to the thickness of plate that can be punched for 
ordinary sized rivets without the plate requiring 
annealing, it is evident that our attempts to obtain 
such a ductility as will render annealing after punch- 


ing unnecessary should be limited to a certain thick- , 


ness of plate. What this limit of thickness is cannot 
at present be decided, but it will probably be in. 
and possibly $in. This thickness includes nearly all 
aw for ordinary boiler and shipbuilding work, 

ut does not extend to tube-plates and the shell 
plates of marine boilers, 

If a low tenacity were required in plates to enable 
them to be punched for boiler-making only, we 
might be inclined to say let all plates for boiler- 
making be drilled and a higher degree of tenacity 
be maintained, but as the low tenacity is required 
to insure ductility, which is affected by other pro- 
cesses than punching, and as the expense of dri ing 
would tend to re the general adoption of stee 
plates for shipbuilding and girder work, it is advisable 
to insist upon obtaining the lowest tenacity com- 
patible with uniformity and soundness of material 
as adag asa low tenacity can be taken as an indica- 
tion of a high degree of ductility, 

Steel subject to stresses of varying intensity, 
shocks, or vibration, is liable in time to lose its 
granular structure and to become crystalline and 
consequently brittle, pretty much in the same 
manner, although perhaps not to the same degree, 
that iron becomes brittle under similar circumstances. 


It is extremely probable that the tendency to become . 


brittle decreases as the amount of ductility possessed 
by the material is increased in the first instance, 
and although there are not yet sufficient results 
gathered from experience to decide this question one 
way or the other, yet the presumption is so strong 
that the tendency to become brittle is inversely pro- 

ionate to the amount of ductility that it appears 
justifiable to adduce this as a further argument in 
favour of attaining the greatest amount of ductility 
practicable, 

There are very few es for which steel 
plates are used that ductility in itself is not a positive 
advantage. For all ship plates, for boiler shells, 
furnace tubes, and tube plates, ductility and non- 
liability to temper are all important. It is perhaps 
only when used for flat surfaces, strengthened with 
screwed stays, and especially those simply rivetted 
over at the ends and not provided with nuts, such as 
most locomotive firebox plates and the flat plates in 
many combustion chambers and back ends of marine 
boilers, that the ductility may be regarded as a source 
of weakness, and for the oe reason, The 
tendency of a flat plate to — under pressure and 
the amount of bulging that takes place are propor- 
tionate to the ductility of the material. As the re- 
sistance of a flat surface strengthened by screw 
stays without nuts depends greatly upon the hold 
of the threads, and as this hold is loosened by the 
bulging, it follows that a material like very soft 
steel may be less able to resist a given static pres- 
sure than an inferior iron plate that has both less 
ductility and less ultimate tenacity or a lower limit 
of. elasticity. The resistance of a boiler plate to 
bulging, so far as its practical value is- con is 
to be measured by its stiffness when stayed, 
than by its ultimate tenacity. Of two plates of a 

iven thickness and stayed ina —_— a 

ing the ter tenacity and ductility will no 
doubt | bear S aatenen Z 

bursting pressure, but for all practical purposes it 





the- bulging a greater. 








AS er ea cE ee 




















304 


ENGINEERING. 


[Aprit 19, 1878. 





may be the weaker plate of the two, and require addi- 

tional stiffness by having the stays pitched closer. 
The most eminent authorities on the strength of 

materials in treating of the strength of flat-stayed 

lates, regard the plate between the stays as a 

Son, and consequently consider that its strength 
varies as the square of the thickness, and assume 
that this rule holds good alike for cast iron, wrought 
iron, steel, and copper, by merely altering the co- 
efficient of strength for the different materials. This 
rule of the strength varying as the square of the 
thickness can, however, only be applicable within a 
certain limit of the ratio of the s to the thickness, 
and this limit becomes less as the. ductility of the 
material increases. The limit has not yet been 
decided either by experiment or theoretically for 
different materials, but the rule probably holds good 
for steel and iron plates, where the distance between 
the stays does not exceed twenty-four times the 
thickness of plate. Any reduction of thickness 
in virtue of the greater tenacity of steel plates must 
be attempted with great caution in substituting 
soft steel for iron plates in flat-stayed surfaces. 
For instance, if we assume the tenacity of the steel 
and iron to be respectively 28 tons and 2] tons, a 
j-in. steel plate will be equally as strong as a 4-in. 
iron plate in tension, This is equivalent to a reduc- 
tion of 25 rer cent. in thickness, but for a flat sur- 
face a reduction of only about 13 per cent. can be 
allowed in the thickness of a steel plate, in order to 
preserve an ultimate strength equal to that of the 
iron plate, so that 4-in. iron cannot be replaced by 
anything less than y% in. bare in steel. As the more 
ductile steel will commence to bulge before the iron 
plate, and sooner take a permanent set, with the 
above relative dimensions, it is questionable whether 
even this small reduction of thickness can be allowed. 
Then when we come to the question of durability, if 
we assume the steel to corrode as fast as the iron 
plates, it is certain that we cannot allow even the 
above slight reduction in thickness if we require the 
steel to last as long as the iron, assuming the plates 
to be allowed to waste till they each have the same 
proportion of strength to that they originally 
possessed. By reducing the pitch of the stays, in 
order to obtain equal strength with a thinner plate, 
we add to both the weight and expense, and possibly 
increase both till the advantages of using a thinner 
plate vanish altogether, save where the reduction of 
thickness is required to facilitate the transmission of 
heat and prevent overheating at the joints. For 
locomotive firebox and marine boiler combustion 
chamber plates, no greater stiffness in the material 
itself at the expense of ductility can be recommended 
for the purpose of allowing a lighter plate to be 
used, since the greatest amount of ductility is re- 
quired to prevent cracking at the stay holes and 
between the stays. No further evidence on this 
point is necessary than the fact that costly thick 
copper plates are still considered in this country the 
best material for locomotive fireboxes, notwithstand- 
ing the numerous attempts to use thinner plates of 
steel and iron instead. 

It appears to us that although Lloyd’s Committee 
in their report on steel for boiler-making, allow 12 
per cent. diminution of thickness when steel plates 
are used for flat-stayed surfaces subject to a bulging 

ressure, the nature and tenacity of the material 
itself scarcely justifies even this small reduction 
when the steel is very soft. We do not mean to 
say, however, that it is imprudent to allow this re- 
duction, any more than it would be imprudent to 
allow it in a great number of cases for iron plates. 
The difference in strength for all practical purposes 
between good and indifferent workmanship often 
amounts to over 12 per cent. in flat surfaces of the 
same thickness and pitch of stays. 








THE FAIRLIE ENGINE. 

On the 12th inst, the Judical Committee of the 
Privy Council accorded to Mr, Fairlie a prolonga- 
tion of the patent for the well-known system of 
locomotives which bears his name. A fair considera- 
tion of the circumstances that have occurred during 
the last fourteen years in connexion with the en- 
deavours of Mr. Fairlie to establish his system, will 
lead to the conviction that the decision is a correct 
one, and we believe that every one, except the de- 
termined enemies of Mr, Fairlie and his engine— 
such as Mr. W. W. Evans—will feel gratified at the 
result of the application. There are few examples 
on record in which so much prejudiced opposition on 
the -_ of the profession has met with such patient 
and determined resistance on the part of the patentee. 


For some reason or another, from the time when 
the Fairlie engine came before the public in a 
practical form—let us say from the time when 
the Little Wonder was started on the Festiniog 
Railway — there sprung up in wonderful vigour 
and activity, an apparent combination in almost 
all — of the world against the system. The 
results of early and necessarily imperfect experi- 
ments have even until lately been cited as proofs 
of failure, and extravagance of Mr. Fairlie’s claims, 
and almost everywhere, where his system has been 
employed, faults of construction, bad material, and 
wilful damage have been laid on the shoulders of 
the principle. In England ‘“‘The Progress,” in 
the United States ‘‘The Janus,” in Queensland 
the wretchedly designed Fairlies sent out, but 
only partly unpacked, in Mexico, in Peru, and 
elsewhere, the engines employed have been held 
up to ridicule, and their inventor to contempt. 
Pamphleteers like Evans have unblushingly circu- 
lated statements too absurd upon their face to 
carry truth; engineers with some talent but more 
prejudice have piled up argument on argument as to 
why the Fairlie engine must fail; non-professional men 
possessing interest, and having interests of their own 
to secure, have exerted pressure in all directions to the 
prejudice of thesystemand its owner. Nowonderthen 
that in the face of all these difficulties, the work of 
introducing the Fairlie engine has been arduous and 
unprofitable ; the marvel is, indeed, that Mr. Fairlie 
has been enabled to fight this universal opposition, 
and to prove the soundness of the claims he has 
consistently advanced. But naturally so great and 
prolonged an effort could only be maintained at an 
enormous cost, and the ruling of the judges on this 
arene conclusive. Of late the opposition tothe 

airlie system has been weaker than of old, partly 
because facts proved more powerful than prejudice, 
and partly because the less scrupulous opponents of 
the system judged probably that the patent being 
nearly expired, there was nothing worth opposing. 
With its renewal, however, we may expect to see 
these persons again in full cry, but we imagine that 
their efforts will do but little harm. The very re- 
markable series of letters from users of the Fairlie 
engine which we lately published contain testimony 
too powerful to be overcome. We have always 
steadily maintained the value of the system, especi- 
ally in connexion with narrow gauge railways; 
the opinions we have advanced have been fully 
confirmed by experience, and we look forward with 
confidence, now that Mr, Fairlie has before him 
another seven years for profitable work, that he 
will secure a broad adoption of the principle, and a 
full development of its usefulness. 

We should not omit to mention that the evidence 
of Sir H. Tyler was chiefly instrumental in securing 
the extension of this valuable patent. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 

THE annual meeting of this Institution, the 
opening of which we mentioned last week, was held 
on the 11th, 12th, and 13th insts., and proved to be 
a gathering of exceptional interest. ter the busi- 
ness of election of members and officers was over, 
Lord Hampton delivered, as usual, a short opening 
address, in which he congratulated the Institution 
on its recent large accessions of members, its new 
offices, and flourishing condition generally. The 
business of the meeting then commenced by the 
reading of Mr. Martell’s paper (which we shall print 
in full) on “ Steel for Shipbuilding.” 


STEEL FOR SHIPBUILDING. 
The paper was a review of the present position of 
steel as a material of ship construction, and con- 
tained the results, given in considerable detail, of 
many of the experiments on which the recent report 
of Lloyd's surveyors is based. The first point taken 
up in the discussion was the corrosion question, as 
to which Mr. Wright remarked that the use of brass 
or similar material by the Admiralty for torpedo 
boats was not based on any special deterioration of 
the steel, but was simply due to the fact that where 
plates only jth of an inch were used, it became 
necessary absolutely to prevent all loss of material 
whatever. Mr. ped said he had built steel 
vessels about 1865, which were still running with 
‘‘wholly unimportant” deterioration. All their 
rivets were steel, and he had never had a failure of 
one reported. Three out of five vessels built about 
the same time of puddled steel had been successful, 
the other two not. He had the greatest faith 





in steel, however, as the material of the future, in 


the changed and cheaper form in which we can now 
obtain it. Mr, Wigram also spoke of the trust- 
worthiness of steel rivets. In a recent case when a 
vessel had run against Dover pier, and had her nose 
broken in, the rivets remained so unhurt that they 
could be removed only by cutting out, and this was 
done with great difficulty. He had found no more 
loss to occur by burning, in the hands of the common 
rivet boys, than with iron rivets. He thought Mr. 
Martell’s estimate of the comparative cost of steel 
and iron vessels put matters, unintentionally no 
doubt, too favourably for the former. Thirty-five 
per cent. might probably be nearer the mark than 
the difference given by Mr. Martell. As to the use 
of iron instead of steel rivets by the Admiralty, Mr. 
White explained that in the Iris, where the plates 
were only }-in. thick, they had found that rivets of 
Staffordshire iron }-in. diameter, spaced a little 
closer than usual, gave a joint which experiments 
showed to utilise the full strength of the plate. 
Rivets of Landore steel were also tried and worked 
perfectly well. Under the weight test, however, 
the iron rivets appeared slightly better than the 
steel ones, and this decided the matter—the joint 
strengths being otherwise equal—in the case of the 
Iris. He thought there would be some difficulty in 
applying the multiple-drilling machine to ships’ 
plates. Mr. Denny thought also that the author had 
over-estimated the pecuniary advantages of steel. 
At least, as most shipowners charged depreciation 
as a percentage (say 10 per cent. in steamers and 7 per 
cent. in sailing ships) on cost, this item should be 
allowed on the difference between the cost of the 
steel and iron ships in each case, and would, so far 
as it went, reduce the estimated saving. His firm 
had recently submitted a steel vessel to what he 
thought a very severe test, with most satisfactory 
results. They had builta light-draught paddle steamer 
for the Flotilla Company of Rangoon, and sent her 
out in pieces with some little anxiety as to the 
possible effect on the plates of the knocking about 
to which they would inevitably be subjected in 
transit. He had just heard, however, that they had 
all arrived at their destination without the slightest 
injury. In the case of light-draught steamers, scant- 
lings had been already reduced so much that smaller 
thicknesses could not be used for steel than for iron 
consistently with the preservation of stiffness against 
buckling. In the case mentioned steel was used 
simply in the hope that it would be less liable to be 
injured by the knocks to which these shallow draught 
steamers were always exposed. Perhaps, however, 
by the use of some totally different system of con- 
struction of framing, &c., it might become possible 
to lighten the scantlings even of these boats. Even 
for large steamers something of the same kind could 
be said. Lloyd’s Committee have gone as far as it 
is prudent to go with the present system of construc- 
tion—further reductions can only be hoped for with 
some improved type of construction. Mr. Kirk, 

after pointing out that the material which was being 
discussed was really not steel, but simply the highest 
quality of iron which was in the market, said that 
his own experience lately had been that good steel 
makers now turned out a material more uniform in 

its quality than even the first qualities of iron, and 
gave some illustrations of this, He thoroughly agreed 
with Mr, Denny’s concluding remarks, and expressed 
cordial satisfaction at the action of Lloyd’s Com- 

mittee, while he hoped they would be able to extend 
their experiments still further, especially those on 
stiffness. He suggested that steel plates should be 
simply stamped with their ¢enacity by the makers, 

instead of with the ‘‘hieroglyphic” proposed by 
Lloyd’s Committee. Mr. E. J. Reed said thatif the 
author’s estimated reduction of nearly 20 per cent. 
in the weight of steel as compared with iron ships 
were correct, much more progress had been made 
than he had believed. Practically he had found, in 

some of his designs, that the reduction was not more 
than 13 or 14 per cent. This was due chiefly to the 
fact that plates and angles could not be had in the 
market of dimensions exact/y th less than those re- 
quired for iron—one had always to use the nearest 
size in sixteenths, and this made the saving in 
practice much less than it appeared on paper. He 
should be very pleased, however, if Mr. Martell 
could prove himself right on this point. Mr. John 
explained that Lloyd’s Committee quite understood 
this difficulty, but were ready to encourage any 
reasonable 2 Bread of dimensions—a little under 
in one piece, a little over in another—that might be 
submitted to them, In this way the average reduc- 
tion obtained was admitted by builders to come to 





18 or 18} per cent,—a small reduction in one piece 
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of the structure at any _ being made up for by a 
larger reduction in another piece. As to steel rivets 
they were compelled to move very cautiously—they 
had to treat one failure as being as important as 
twenty successes. Mr. Macfarlane Gray instanced a 
case in which a steel boiler under test, after expanding 
Zin. in diameter, eventually burst exactly at a place 
where a few iron rivets had been put in, all the rest 
being of steel. As to the proportions of rivetted joints 
in steel plates, Mr. West thought that the experiments 
indicated the necessity of increasing the surfaces 
rather by increasing the number than the diameter 
of the rivets, He hoped to point out in a paper he 
was going to read how Mr. Reed's difficulty might be 
got over by the use of decimal subdivisions. On the 
same point Dr. Siemens said that the Landore 
experience had shown them that it was quite as 
easy for makers to work to weight as to thickness. 
Would it not be well to order plates in this way ? 
He strongly advocated the use of steel rivets, and 
(referring to Mr. Boyd's paper at the meeting of the 
Institution of Mechanical Engineers) said that all 
the practical difficulties may be overcome by care 
and experience. Of course, however, the joints 
should be differently proportioned for steel and for 
iron, He thought the pitch of the rivets, in par- 
ticular, in a steel plate, should be the pitch which 
would be used for the same thickness, not the same 
strength, of iron plate. As to the question of cor- 
rosion, which had been mentioned by several 
speakers, most of the working results which had 
come under his notice showed steel to stand better 
than iron. Possibly the corrosion sometimes found 
resulted from an excess of manganese, a cause 
which might also lead to less perfect welding and 
defective homogeneity. Mr. Laird said that he had 
lately built two steel steamers (the largest a paddle- 
wheel steamer of 1000 tons), one of Bessemer and 
one of Siemens-Martin steel. In both only steel 
rivets were used, and in neither had these rivets 
given the slightest trouble. He had not heard of 
one case of a head flying in the largest steamer. He 
had proportioned the joints in very much the way 
mentioned by Dr. Siemens, having reduced the 
diameter and pitch of the rivets in proportion to the 
thickness of plates. He had, however, somewhat 
increased the proportionate /ap. ‘The plates had all 
been punched. The scantlings were reduced all over 
nearly 25 per cent., and the plates and angles were 
ordered to particular weights instead of to particular 
thicknesses, All his experience confirmed the most 
favourable opinion which had been formed as to the 
use of steel in construction. 

Mr. Martell, in replying, agreed with Dr. Siemens 
as to the proportioning of steel joints. The chief 
drawback to the ordering by weight was that it made 
it difficult for the surveyor to check the plates, &c.; 
on this account perhaps the reduction question 
might be best solved by the use of smaller subdivi- 
sions, There was really no difficulty, however, in get. 
ting an actual average reduction, in practice, of 184 
per cent., with the use of 32nds, The experience of 
Mr. Thomson, Mr. Laird, and others, seemed to 
show that the difficulty of the handling of steel rivets 
by rivet boys and in the common open fires was 
not at all so great practically as had been feared, 
In answer to some questions which had been put to 
him he said that the iron tested in his experiments 
was ordinary ship iron. The costs which he had 
given were the actual costs given him by the ship- 
builders, so that there could be no doubt about 
their accuracy. 


STEEL MARINE BOILers, 

Mr. Parker's paper on ‘‘The Use of Steel in 
Marine Boilers, and some recent Improvements in 
their Construction,” was read on the day after 
Mr. Martell’s, but the subjects of the two papers 
are so closely connected that it will be convenient 
to give our notes on them both together. Mr. 
Parker’s paper was not printed, so we give a short 
abstract of it. The author spoke first as to the 
qualities of the plates in which Lloyd’s Committee 
were how accepting a reduction of 25 per cent. in 
thickness as compared with iron. Among other 
things he mentioned that they were not affected by 
quenching in water. To show the results of punch- 
ing the metal he stated that the tenacity of a piece 
of steel which had broken at 26} tons had been 
reduced by punching to 18.7 tons—the exterior of 
the punched plates before breaking being quite 
inappreciable. By riming out the punched holes 
the tenacity was raised to 28.2 tons (with an ex- 
tension of 8} per cent)., and by annealing only after 
punching the tenacity was 31.7 tons per square 








inch. Riming out punched holes thus seemed 
entirely to remove the injury done to the material 
by punching. It had been found, however, that all 
flanged plates should be annealed after working. 
Steel rivets, when carefully heated, did not seem to 
give trouble, but the rivet steel did not seem always 
so uniform in quality as the plate steel from the 
same maker. if a double-rivetted joint be made of 
the same pitch, &c., as for iron, it gives way by crip- 
pling the plate behind the rivets; a greater bearing 
surface is therefore required for the rivets with 
steel than with iron. ithout further experiments 
or information it did not appear possible to form 
any definite conclusion as to the comparative power 
to resist corrosion of steel and iron. He described 
an experiment on a cylindrical steel boiler, intended 
to represent a locomotive boiler shell of which the 
principal dimensions were :—<diameter 4ft. 4 ins., 
plates } in, thick, double rivetted, with double butt 
straps, rivets } in. diameter and 2} in. pitch. Some 
cracking ——— when a pressure of 407 lb. per 
square inch was reached, but it was not until the 
pressure reached 795 lb, that the leakage from 
bulging became so great as to. overpower the 
_—. There was even then no sign of bursting. 

he experiment led to the conclusion that with such 
material a boiler is likely to give warning of any 
accident by such stretching as to cause obvious 
leakage. He thought that there was now good 
prospect of soon getting solid rolled cylinders of 
plate, from 9 ft. to 11 ft. in diameter, by the use of 
which one great source of weakness—longitudinal 
joints—would disappear from the boiler. The 
other great source of weakness was the furnace, and 
this too, the author thought, had been satisfactorily 
disposed of by the corrugated furnace advocated by 
Mr. Fox. This furnace we have recently described 
and commented on. Mr, Parker said that it would 
stand about double the working pressure of a plain 
furnace of equally thick material, All these con- 
siderations, the author concluded, lead us to hope 
that soon a new start may be made in the way 
of increasing pressures, and that even with sub- 
stantially the present type of boiler we may be able 
easily and safely to reach 160 lb, or 180 lb, per 
square inch. 

Mr. Kirk opened the discussion by remarking on 
the recent rapid progress in the manufacture of 
steel, It still remained necessary, however, with 
steel, to rime out punched holes, or to anneal the 
plates in order to preserve their nominal strength, 
Possibly the difference between steel and iron in 
this respect may be due to the comparative looseness 
of structure of the latter, in which stresses might 
not be propagated so readily as in the more homo- 
geneous material. So much of the steel which has 
now been in use for some years was puddled, and 
such steel may differ so greatly from what we are 
now using, that we have to be very careful as to 
drawing any conclusions from it in respect to the 
power of our present metal to resist corrosion. 
Mr. Fox’s corrugated flue was unquestionably a 
good thing; he doubted, however, whether the 
advantages which had been claimed for it on the 
score of its improved heating surfaces were very 
real—its substantial advantages were quite inde- 
pendent of this. In reference to Mr. Parker's state- 
ment that a 25 per cent. reduction of thickness had 
been accepted by Lloyd’s, Mr. Wright asked him 
how this affected the thin plates, when the corrosion 
question came into unpleasant importance. Mr. 
Parker replied that this reduction applied only to 
shell plates and not to thin ones, Mr. Wright 
continued by saying that the Admiralty had come 
to the conclusion that more corrosion took place 
with steel than with iron boiler plates, and had for 
this reason only reduced 3 in, shells to}4{in. He 
asked further whether the Fox flue would act as a 
longitudinal stay at all—for we are accustomed to 
trust the common flue in this way to some extent. 
Mr. Ravenhill spoke very strongly in appreciation 
of Lloyd's action in this matter of steel construction, 
and of Mr. Parker’s paper. He asked whether there 
were no difficulties in maintaining the form of the 
flue. Mr. Boyd (the author of a paper read at the 
Institution of Mechanical Engineers, which we 
publish elsewhere), spoke particularly as to the 
staying of flat surfaces, a point alluded to by Mr. 
Parker and Mr. Kirk. The test boxes which he had 
used were 3 ft. square, made of ; in. steel plates, 
and each containing nine 1% in, screwed stays, their 
ends rivetted over as usual, and spaced 9 in, apart. 
The box began to buckle at 130 lb., and at 550 lb. 
the end of a rivet flew off and no higher pressure 
could be got. There were no signs of cracking. 








Similar boxes were tested stayed with 1 in, stays, 
having a nut and ci washer outside at both 
ends. Buckling began at 260 lb., and 1000 lb. was 
the highest pressure which could be obtained. 
There were again no cracks in the plate. The nuts 
thus doubled the resistance of the box. He thought 
that nuts could be used inside the combus- 
tion chamber without any danger of corrosion 
if only a reasonable amount of care were taken in 
keeping the boiler clean, and preventing deposit in 
the combustion chamber. As to the Fox furnace— 
was there not danger of deposit and therefore over- 
heating, in the corrugations? Mr. Scott Russell, who 
was in the chair in the absence of Lord Hampton, 
called on Dr. Siemens, asking him if he would tell 
the meeting first whether such a thing as.steel really 
existed for us any more? Dr, Siemens in reply said 
that certainly the aay mild steel was simply a 
ho kind of iron, but its qualities were so different 
rom those of common iron, and it required in some 
ways so different a treatment that it was as well to 

ive it a different name. Referring to what Mr, 

irk had said about the causes of the difference be- 
tween the effects of punching on steel and on iron, 
he illustrated what probably happened during the 
operation of punching, by sketches on the black 
board, showing how a zone of metal round the hole 
was probably put in a state of initial compression, 
and another in initial tension. The ring of metal 
thus strained was comparatively so thin that it could 
be removed by riming out, or on the other hand, the 
operation of annealing restored the metal to its 
original condition. But many of the difficulties con- 
nected with punched holes in steel plates were got 
rid of by the use of a larger die than usual. He de- 
scribed in some detail the vessel for compressed air 
which had already been described at the Institution 
of Mechanical Engineers, and suggested the pos- 
sibility of a boiler being constructed on the same 
plan. Mr. Scott Russell enlarged on the great 
advantage to be gained from the use of large dies in 
punching steel plates. As to methods of staying 
flat surfaces, he had tried plates only y,-in. thick, 
with 3-in. stays, having nuts and washers on both 
sides, and had proved them to 240 1b. per square 
inch, The rapid conduction was sufficient to prevent 
overheating. 

In replying, Mr. Parker said that in his experi- 
ments he had always used the largest bolster he 
could for each diameter of rivet, having previously 
made separate experiments to determine its size. 
With plates of a thickness up to } in. this seemed 
to obviate the loss of strengh due to punching, but 
with gin, and } in. plates the loss even with the 
best proportions of punch and die was about 26 per 
cent. He had tried experiments to find out whether 
the insertion of the hot rivet would not itself anneal 
the plate, but had found that it did not doso to any 
appreciable extent. He feared that Dr. Siemens’ 
construction with long bolts would never do for a 
boiler, where there was so much difference in tem- 
perature between the upper and under sides. As to 
the use of nuts and washers on screwed stays, there 
was no doubt as to the way in which they increased the 
stiffness of the surfaces they supported, but there 
was as little doubt that it was dillicult to prevent 
their destruction by burning. He mentioned that 
Fox’s flue had extended } in. in length before it 
broke ; the plain furnace tested against it did not 
elongate. He did not think that the strength of the 
latter would have been increased to any appreciable 
extent if its ends had been fixed, as had been 
suggested by Mr. Wright. 

We are compelled by-want of space to postpone 
until next week our account of some of the other 
papers and discussions at the Institution, several of 
which were of great interest, 





THE PARIS EXHIBITION.—No. XXII. 
Tue Macuinery HALLs, 

As our readers know, the principal building which 
occupies the centre of the Champ de Mars is rec- 
tangular in plan, 2315 ft. long, and 1145 ft, broad. 
This area, with the exception of a width of 213 ft. 
in the centre, is covered by roofs of different spans 
and forms of construction ; each end of the building 
is occupied by a wide and lofty vestibule, by which 
access is gained to the various galleries. The chief 
of these galleries are eight in number, two of which, 
on the outer sides of the rectangle, are devoted to 
the exhibits of machinery, and the other six in 
groups of three, occupy the space between the 
Machinery Halls and the open portion in the centre 
of the area before mentioned. This open portion is 
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oceupied by the picture galleries and the building 
of the Ville de Paris, In addition to the eight prin- 
cipal galleries there are eight smaller ones, of which 
two extend for thé whole length of the building ; one 
is placed between each of the series of roofs forming 
the other galleries, and two more are situated along 
the open space in the centre part of the building. 
We will proceed to describe in some detail the con- 
struction of the roofs, commencing with that of the 
Machinery Halls, some drawings of which we have 
already published (see ENGINEERING, November l6and 
30, 1877). The columns supporting the roofs are 
spaced 49ft. 2in.apart,and stand upon masonry piers; 
these columns were illustrated by us in our two-page 
engraving for November 16th last, Figs. 1 to 28. The 
construction of the baseplates is shown in Figs. 1, 
2, 4, 7, and 8. By the plan, Fig. 7, it will be seen 
that the bedplate is not continuous, but formed in 
two parts; one 11.8 in. by 35.4 in., and the other 
37 in. by 35.4in. The thickness of each is .59 in. 
These plates are connected by two channel irons, 
9.8 in. deep by 3.7 in. by .043 in., rivetted in the 
bottom plates at a distance of 9.21 in. apart, 
and on the narrower bedplate they butt against a 
similar channel iron rivetted to it in the direction of 
its length, and 5.7 in. from its outer face. A plate 
.39 in. thick and 9.21 in. wide, and forming one of 
the plates of the inner face of the column, is rivetted 
to the inner side of the channel iron last mentioned, 
‘The connexion between them and the longitudinal 
channel iron is made good by angle irons 2.5 in, by 
2.5 in. by 2.43 in. Ata distance of 5.7 in. from the 
rear face of the larger soleplate above described, is 
a similar assemblage of channel and angle-irons, 
and 5.3 in. from the front face of the plate, the 
plates forming the back of the column are brought 
down between the longitudinal channel irons and 
rivetted to them. On each side is a stiffening 
arrangement of angle-iron and plates. From 
this bedplate the column springs, a lead joint 
-12 in, thick being interposed between the top 
surface of the channel iron and the underside 
of the angle-iron running round the front of 
the column; the height of the column above the 
bedplate is 26 ft.; its form is shown in Fig. 1 on 
the two-page engraving already referred to; it is rect- 
angular in section, 31.5 in. wide and 15.75 in. broad. 
For the greater part of its height it is parallel, but 
about 7 ft. 9 in. from the top it is widened so as to 
form a bracket for the roof principals, and its 
maximum breadth is 51.2 in. e side plates of the 
column are .315 in. thick placed 9.21 in, apart. They 
are connected together at intervals of about 39 in. 
by horizontal plates .315 in. thick, and light angle- 
irons. ‘The front face of the column for half its 
height is made up of two plates 15.75 in. wide, and 
each } in, thick ; for the remainder of the height to 
within a short distance of the va bee outer plate is 
added of the same width and thickness ; angle-irons 
2.75 in. by 2.75 in. by .43 in. form the connexion 
between these |r and the sides of the columns ; 
for a portion of their height there are four such 
angle-irons, one on each side of the side plates, for 
the remainder of the distance these angles are 
dispénsed with. Fora height of 7 ft. 9 in, above 
the baseplate, the back of the column consists of 
two plates 15.75 in. wide and @ in. thick, for the re- 
mainder of the height only one plate is used; angle- 
irons 2.75 in, by 2.75 in. by .43 in. connect these 
to the side plates, and as in the case of the front of 
the column, there are four such angle-irons for the 
part of the height, and two for the remainder. The 
sides adjoining the base plates are stiffened with 
cover-plates 9.85 in. deep by .39 in., and angle- 
irons 3.12 in. by 3.12 in. by .43 in. make the con- 
nexion to the channel iron of the bedplate. At the 
front and back two deep angle-irons 5.9 in. by 3.5 in, 
by .5in. are introduced to complete the assemblage 
with the bedplate. The side plates of the columns 
are formed in one piece from the bottom to the point 
where the column widens to form the bracket ; inner 
and outer cover-platesare hereintroduced 11.8in. deep 
and y¥ in. thick, The window standards which form 
an extension at the back of the co/umn, and the roof 
principals, are rivetted up to the brackets, as shown 
in Fig. 1 to5 of the plate already referred to, and 
in oak a way that the whole forms a complete and 
single structure. The height of the standard above 
the top of the bracket is 25 ft. 6 in. ; on one side it 
forms an extension of the rear fave of the column, 
and on the other it is bolted to the back of the roof 
rib, the depth being 23.6 in. Fig. 9 shows a section 
of this standard, which it will be seen is practically 


the stronger plates on the face of the column. On 
deep vertical angle-irons 4.92 in: by 3.15 in- by 
.39 in. The side plates of the stan 

at intervals, as in the column below. 

The connexions between the columns longitu- 
dinally are shown partly in the two-page engraving 
of details, and partly by Figs. 1 to 7, on pages 300 
and 301. Four longitudinal girders are introduced ; 
a light lattice girder on the inside, and close beside 
the bracket; a deep plate girder at the back of the 
columns, a plate girder connecting the window stan- 
dards which form the extension of the column at the 
bottom, and at the top of same, an open trough 
girder. Figs. 1 and 5 show the construction of the 
first system of longitudinal connexions; as_ will 
be seen from the cross section, Fig. 5, both the 
shallow inner and the deep outer girder may be 
regarded as forming one structure, the upper flange 
of which is somewhat wider than the brackets of the 
column, and extends continuously from end to end 
of the building. The inner girder of this system is 
19}4 in. deep, and is composed of top and bottom 
flanges of angle-irons 27s in. by 2ys in. by ¥5 in. 
The girders are divided into panels 20 in. long, the 
diagonal and vertical bars all being of uniform section 
2in. by jin. At the top the broad plate which 
extends over the top of the columns are rivetted to 
the angle-irons; the outer girder is 6 ft, 1} in. 
deep, and consists of a plate web } in. thick, 
strengthened at the top by an angle-iron, 3.15 in. 
by 3.15 in. by .89 in., and rivetted to the top. 
plate; a- second angle-iron runs along the face of 
the girder 39 in. from the top, 2.16 in. by 2:16 in. 
by .27 in., and 34 in. from the bottom two angle- 
irons of the same dimensions are rivetted. The web 
of this girder is made in two plates joined by a cover- 
plate 54 in. deep, and 7% in. thick. Angle-irons 
2.36 in. by 2.36in. by .23 in. are placed at intervals 
of about 7 ft. to stiffen the web on each side, and 
vertical cover-plates 54 in. wide occupy intermediate 
positions (see Figs. 2 and 3). The girder is 
stiffened at intervals by bracket connexions between 
the deep outer and the lighter inside girders. The 
position of these brackets is shown in Figs. 2 and 3, 
and their form by Fig. 5, where it will be seen that 
in the middle of the girder the brackets are double, 
and 19% in. apart; the upper part of each is 
formed of a short lattice girder of the same depth 
as the one already referred to, the lower part 
is of the form shown, Fig. 5, and consists of a 
web-plate .23 in. thick and angle-irons 2.16 in. by 
.27 in. 

The girder connecting the standards at the bottom 
above the columns is 19.68 in. deep, with top and 
bottom flanges of angle-irons 23 in. by 2? in. by 
trin., and the web is #in. thick. The longitudnal 
trough girder at the top of the standards is 17.72 in. 
deep by 19.68 in. wide, and occupies such a position 
relative to the standards that the middle of the 
latter, where it is stiffened by the vertical angle 
before described, coincides with the inner web of 
the trough girder. The plates forming-the flange 
and webs of this latter are .24 in. thick, stiffened at 
thecorners by angle-irons 2.36 in. by 2.36 in. by .23 in. 
Fig. 1 of the two-page plate of details of columns 
shows this arrangement, and it will be seen that the 
innerweb is stiffened at the top by a flat plate 2.36in. 
by 2.39 in. thick ; it will also be seen that below 
this trough girder, and coinciding with the inner 
web, is a second plate girder 21.65 in. deep, with a 
single angle-iron at the top, and two angle-irons at 
the bottom. This girder forms the upper boundary 
of the windows of the hall, the lower one being the 
corresponding girder already described as connecting 
the bottom of the standards. The distance between 
these girders is 2] ft. 5 in., which represents the 
height of the windows in the centre ; the tops of the 
windows are arched, and the spandrels are filled in 
with plates and angle-irons as shown in the sections, 
Figs. 1 and 15. 

The details of the roof are shown partly in the 
two-page plate already referred to, and partly in our 
issue of November 30th. ‘The distance between 
centres of columns is 116 ft. 9 in., and the truss con- 
sists of a straight upper and a curved lower flange, 
connected by a system of bracing as shown in 
the drawings. ‘The inner flange springs from 
the bracket of the column vertically for a dis- 
tance of about 7 ft., whence it is curved towards the 
centre with the following radii: 24 ft., 49 ft. 2 in., 
and 119 ft. 9 im.; the total rise from springing 
of truss to the centre is 30 ft., and the height 





an extension of the column, but of a reduced width, 
while ‘a single plate .24 in. thick takes the place of 





from the floor 79 ft. As will be seen from the 
details, the upper flange starts from the’ level 


the other other hand the sides are> stiffened by two. 


are connected ' 


of the top of the window standards, which are 
—- bevelled to the samié angle as the rib ; this 

tter is straight, and-has a total length of 63 ft. 3 in. 
The distance apart of the upper and lower flanges 
at ‘the apex is 6 ft.’ 2}4 in.; in the centre it is 
about 2ft: 10. in., and at the poirit where the upper 
rafter springs is 9 ft. ‘The top flange consistsof an 
upper plate 15} in. wide by 2.55 im; thick, two side 
web plates 9.84 in. apart, and '7j in. déep and # in. 
thick, except ‘in the centre, where the depth is 
slightly increased, These plates are connected 
by angle-irons 23 in. by 2.3 in. The lower flange 
is similar in form, but it’ is stiffened by two ad- 
ditional thicknesses of* plate in the flange for about 
$ the length of the span; the upper edge of each 
web is also strengthened by having a plate rivetted 
to it. ‘The arrangement of trussing is shown in the 
general view. The--verticals are of angle-irons 
in four groups of two each, ‘two groups being 
rivetted to each of the top and bottom webs; the 
diagonals are of channel irons 4:72”in. by 1.57 in. 
by .27 in. ; in the first three panels from the spring- 
ing these channel irons are strengthened by a plate 
of the same width and .39in. thick The truss isthus 
divided into eighteen panels 6 ft. 33% in. each. The 
general drawing shows the arrangement of that 
part of the truss next to the standard, against 
which the top member is fitted ; a similar section 
being preserved ; this section is shown ‘in Fig. 6 of 
the details of columns. Figs. 13 to 26 are the de. 
tails of the roof, showing the construction and mode 
of attaching the purlins, These are made of angle- 
irons top and bottom 23 in. by 23 in. by 3 in. placed 
apart vertically 23.6 in. and se from each 
other by a space of 4.7 in.; they are divided into 
twenty-four panels of 23.2 in. each; the vertical 
diagonal rods forming the bracing of these purlins 
are 2} in. by # in. at the ends, and 2,5; in. by the gin. 
in the middle. Figs. 13 to 2} show the attachment 
of the different purlins to the roof principals ; from 
this it will be seen that expansion is allowed for at 
one end of each purlin, by making the bolt-holes 
to which it is attached to the bracket on the roof 
principals oval instead of circular. 

As already stated, the space between the vertical 
standards and the longitudinal girders is filled in 
with windows 15 ft. 43 in. wide, so that two in- 
termediate standards have to be introduced in 
each bay. These are shown in Figs. 12, 25, 26, 
and 27 (see details of columns). They are com- 
posed of two angle-irons 3.93 in. by 2.75 in. by 
75 in, rivetted to a plate 12.8 in. deep and 3.15 in. 
thick, and the inner side of which has two angle-irons 
2.36 in. by 2.36 in. by 3.18. As will be seen from 
the drawings, the larger angle-irons form the outside 
of the standards, and to these are rivetted two light 
angle-irons 2? in. by 23 in. by fin. To these latter the 
iron sash-bars of the windows are attached. The top 
of each window-panel is curved with a radius of 
18 ft. 3$in., and as already stated the spandrel 
is filled in with plates as shown. Each bay is divided 
by the sash-frames into panels about 2 ft. 3 in. by 
20in.; and the lower portion of the window for a 
height of 4 ft. turns upon pins fixed in the frame. 
Above this movable portion is a light cast-iron 
framework 19} in. deep, and above this the fixed 
portion of the window. Fig. 14 shows the arrange- 
ment 6f one window. The size of each window is 
21 ft. 54 in. by 15 ft, 43 in. Below the windows 
the spaces between the columns are filled in solid 
with masonry, except the necessary doors for circu- 
lation, The roof is covered with planking on the 
outside, attached to the purlins, and covered with 
zinc plates; the trough girder, already described, 
on being placed on the tops of the standards, is 
fitted to serve as a gutter, and inside, the roof is also 
lined with timber. 


THE French MACHINERY ANNEXES. 


The two-page plate, which we publish this week, 
shows the construction of the roof of the French 
machinery annexes, which stand parallel to the Main 
Building, along the Avenue de la Bourdonnaye. 
There are two of these annexes separated by the 
Bureaux of Administration. One of these annexes 
is 820 ft. long, and the other about 750 ft., and the 
width between standards is 78 ft.9 in. The iron- 
work is remarkable for its lightness, and these 
annexes will be among the most successful of the 
Exhibition. As will be seen from the drawings* 
the standard and half the roof truss is made in one 





* In illustrating this roof it has been necessary to 
make the pitch line horizontal, so that the standards and 





foundations are shown at an angle instead of vertical. 
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piece, the two portions being connected in the centre 
at the ridge of the roof. The standards rest on 
masonry piers 39 in. by 31 in., and of varying 
depth ; they are placed 16 ft. 4 in. apart from centre 
to centre. ‘The outer face of the standard is vertical 
for its full height of 21 ft. 4 in., the inner face for 
10 ft. 3 in. only, when it is curved with a radius of 
10 ft. 6 in. to join the roof truss, which starts with 
ashort curve of 23 ft. radius,and is straight for the re- 
mainder of its length. The standards are placed on a 
bed of cement, and the bedplate of each consists of a 
plate 31} in. by 118 in. by gin. At a distance apart 
of 23$in., are rivetted to it two angle-irons, 2} in. by 
23 in. by $in., the outer one having a length corre- 
sponding to the width of the plate, and the inner 
being 39 in. long, the ends projecting on each side 
beyond the masonry pier. ‘'wo bolts § in. in dia- 
meter pass through the ends of this angle-iron, and 
are carried down to the bottom of the pier, where 
they are secured to similar angle-irons in the 
masonry. A thirdangle-iron is rivetted to the under 
side of the bedplate, as shown in the general view, 
and the sections a and c d. Between the angle-irons 
on the bedplate the foot of the standard is placed. 
It consists of two angle-irons 2;% in. by 2+. in. by 
vsin., and two plates rivetted to them 8$in. deep 
and ;;in. thick; these are placed 1s in. apart 
to admit the vertical stiffening plate of the 
standards, The vertical angle-irons of the 
latter are 2,5,in, by 2:% in, by g in.; there are two 
of these on each side of the web plate, which 
is 6} in. deep. For convenience of description 
that part of the structure to the inclined channel 
iron strut at the top of the standard may be 
first considered, The lower portion is divided into 
six panels by intersecting angle-irons and bars, 
25, in. and 1} in. by x4 in. and 2,5 in. by x in. re- 
spectively. Above the sixth panel the intersection 
ceases, and a flat bar of the same dimensions connects 
the outer and inner plates of the standard, while an 
angle-iron extends to the foot of the channel bar 
above mentioned. The section ij shows the details 
of the connexions. The channel iron is 3}$ in. by 
1% in. by 3 in., and is secured to the oUter and 
inner frame, by gusset plates, respectively 144 in. 
and 12; in. deep and 4 in. thick. The upper 
member of the roof rafter is composed of two angle 
irons, 2;'5 in. by 2,55 in. by 48; in., placed 54 in. apart. 
They extend 5 ft. 4 in. beyond the outer face of the 
standard, to form a projection running down the 
whole length of the building. At the end these 
angle-irons are turned down vertically for a distance 
of 7} in., and a plate of the same depth and width, 
and 3; in. thick, is rivetted between them. To the 
lower edge of this plate are rivetted the extremities of 
two angle-irons, 235 in. by 1} in., by x4 in. bent to 
the form shown in the drawing, and rivetted at the 
lower portion to the outer part of the standard. On 
the front of the angle-irons of the rafter is rivetted a 
plate 174 in. long, and to this are bolted the ends of 
the channel irons serving as longitudinal ties to the 
building. They are 5} in. by 1?in. by }in., and 
are fastened to the plate by four gin. bolts at each 
end. The section e fshows this arrangement. The 
lower member of the roof rafter is composed of 
two angle-irons of the same dimensions as those in 
the upper member, They are divided into panels 
generally 294 in. long by angle-irons 2y% in. by 13 in, 
by ys in. wide with diagonal bars 2;% in. by 3% in. 
Towards the centre of the rib the panels are 
made somewhat shorter. ‘The connexion of the two 
half ribs is shown in the general drawing, and 
in section No, 8. The angle irons of both members 
join at the apex, but two pairs of vertical angle- 
Irons spaced 34 in. apart are secured to them as 
shown, and a plate 25,% in. long is interposed. To 
the vertical faces of the angle-irons, plate 
brackets 16} in. deep are secured, and the ends 
of the two rafters are placed 34 in. apart to allow 
of a ridge of timber 8§ in. by 3% in. being in- 
troduced. This timber rests on a distance piece 
between the two bracket-plates, and is also bolted to 
the latter. The general view and sections 1 to 7, show 
the provision made for attaching the purlins, A 
plate 16$ in. deep, with the lower angles cut off, 
23% in. wide, and } in, thick, is rivetted to the back of 
each angle-iron strut in the rafter, and in such a 
position that the top of the plate projects slightly 
above the level of the angle-irons of the top members, 
the plate being cut to receive them. At a distance 
of 8,", in. from the top of this plate an angle-iron 
bracket 2.% in. by 1} in., by ;; in. is rivetted, Two 
bolt holes, § in. diameter, are formed on each side 
of the plate for the attachment of the purlins. 
These latter are of timber, 8§ in. by 3} in., bevelled 


Tue Paris EXHIBITION ; NATURE AND NUMBER oF CONTRACTS IN CONNEXION WITH ANNEXES. 

















1. Bridge and Quays, &c. : £ 
Annexes on the Quai d’Orsay... pom ae as eve 11,200 
Buildings on the parade ground of the Invalides : 
Second lot... ‘as sia ois axe ae oii pe mr te a: «| 8,800 
Foundations of annexes on the Quai Billy and various works on the Pont d@’Jena eno .| 2,000 
Flooring and drains for annexes on the Quaid’Orsay ... _... nee ER OREN, tee he 
Palisading on the Quai d’Orsay, between the Avenue de la Bourdonnaye and the Pont d’Alma ... 880 
Annexes on the Berge of the Seine ... a es ote Pie ve ans eee eos -«-}| 10,000 
Bridge over open cutting on the Quai near the Avenue de la Bourdonnaye ... Pik | 2,400 
Horticultural Building on the Champ de Mars ... me jae nas pe e+} 6,400 
Two iron bridges over the opening cutting on the Quai d’Orsay | 6,400 
2. Masonry : 48,000 
Foundations of columns for the French machinery annexes _... sn dees ) ne 840 
Fixing ing for shafting in the Machinery Ha oie a eco ote ooo ‘i «| 1,400 
Painting Machinery Hall, longitudinal passages, 16 S gene ove eee ove one .-»| 2,600 
Furnishing steam power for — Sections VI. and VII. ... - a - te ee} 1,104 
Carpenters’ and joiners’ work in the machinery annexes dian pate rn oe .-| 5,600 
Covering machinery annexes... =... eve, sse ae shetinctin cos ih a | 8,000 
Glazing machinery annexes ... ee see ove ove ees ie 
Tron fittings in the windows of annexes... Fes one eee al ye 160 
Furnishing motive power to the following foreign sections : 
1. United States, Sweden, and Norway ... ose ole nA 900 
2. Belgium and Switzerland ia ove val a ove os 1,040 
Boiler houses for Belgium and Switzerland he mh ve “ die rin # 680 
Foundations and stagings for shafting in the French Machinery annexe _... ote ‘ad 1,040 
ne : » ae halls of the Champ de Mars Palace 5,200 
Shafting for Section No. S ofthe French Machinery Hall 1. = ass ane ae a 80 
33 ” ad ” ” eee eee 80 
Painting French machinery annexes eos ove ots ote whe 640 
Painting stage for shafting in main building and annexes $09 © as Oe 128 
3. Water and Gas : ———| 26,022 
Fittings of drinking fountains ow ace te ont 132 
Gas counter for the Quai d’Orsay je ad ose ‘de 132 
Rubber hose for fireservice ... ont iat a side eee ° 7 ovo ‘ 800 
Water sluice chambers in front of the Champ de Mars Palace ... pe od és 180 
Gasaliers and gas lamps oss has oe ie: ode ie a - «| 1,200 
Police and firemen’s station on the Champ de Mars . | 2,400 
Gas pipes, fittings, and supply of gas oe eee a «4 8,800 
Gas counter for the Porte Dupleix ... ‘és pes pa ooo 40 
Police and firemens’ station on the Trocadéro é re ‘ * és éo§ 800 
Fire alarm service ‘ a sia <n pom a ss apa . e je ‘ 800 
Lighting the Trocadéro works by the electric light (Jablochkoff system) .... O60 vie 600 
Gas counter for the Quai de Billy ... és ies oa wed 8 ese ee 40 
4, Algerian Palace : ——| 15,924 
Timber framing for the internal porticos of the Algerian Palace - a 360 
Open cupola és 99 - 2 sh 820 
Wooden decoration of ” 9 ” ooo? ae 400 
Decoration of outer walls and inner courts pnd ove oe 720 
5. Building of the Ville de Paris: 1,800 
Carpenters’ and joiners’ work on the building of the Ville de Paris ... - 480 
Roofing and accessory works for 7 + ‘ ove 1,000 
Plaster decorations for exterior of ___,, % sa om « 480 
Faiences and enamels for decorating doors - ee e 380 
Terra-cotta decorations ’ bs os “ oe 240 
Artificial stone for verandahs, &c. ,, 99 Ne i 600 
Plaster mouldings * 9 a ove one 540 
Stonework, steps, &c. ,, *9 as . «| 1,120 
External painting of _,, 99 9 800 
6. Octroi Buildings: —-| 5,640 
Buildings for octroi service on the Champ de Mars ove 340 
7. Foreign ades : _—_— 340 
Fagades to section allotted to Denmark ... oss be age ° a: 512 
a * Tunis, Morocco, Siam, and Persia 4 oe ove 600 
8. Diplomas: ae 1,112 
ngraving and printing diplomas for Exhibition ... ow} 2,350 
- 2,850 
Tiel at «os aa ads cook. oo, (AOR, 288 











at the top to the angle of the roof, and are placed 
so far above the top of the rafter that the wood 
covering clears the cover plates, &c., of the latter. 
The covering timbers are 1, in. thick, and packing 
pieces are introduced above the rafters. Corrugated 
sheets are placed over these. The details of the 
louvres and skylights are shown in the general view 
and the remaining sections. The nod 9 is placed 
294 in. above the rafter, and is formed of an [ iron 
3}2 in; by 1}} in. by yin. At the occurrence of 
each standard the lower web is cut away, and a plate 
77s in. long by 7} in. deep and } in, thick is bolted 
as shown, the standard consisting of two pairs of 
angle-irons 1 in. by 1$ in. by 7% in. are bolted; the 
bottom of the standard being held by angle- 
iron and plate brackets fastened to the top of 
the rafter. The intermediate standards are ar- 
ranged in a similar way, but slightly modified, 
as shown by the details. The lower standards 
are of light angle-irons 1} in, by 1} in. by yy in, 
bolted at the bottom to a bracket, and having a 
plate at the top to which the longitudinal connecting 
piece is secured. This latter is an angle-iron 2,%, in, 
by 2, in. by ~, in. On the top of this angle-iron, 
light brackets are placed for attaching the sash-bars, 
which are made of twoangle-irons 2,% in. by 13 in. 
by ys in. The gable ends of these annexes are 
formed of very light angle-irons and sash-bars, the 
entrances, however, are somewhat heavily framed. 
The sides of the building are filled in with timber. 
The buildings were designed by the late M. de Dion, 
and was one of the last works prepared by him before 








the commencement of the illness which has just 
terminated fatally. 





We append to this article a Table showing the 
number and nature of contracts e in connexion 
with the annexes, and which supplements the cor- 
responding information given in our last issue. 





Tue INSTITUTION oF Crv1L ENGINEERS.—There will 
be no meeting on the evening of Tuesday in Easter week. 
. Bateman, as ident, deci to give a con- 
versazione, to gentlemen only, on Monday the 3rd of June, 
being the fiftieth anniversary of the incorporation uf the 
society. By the kind ene per of the Secretary of State 
for India in Council, this will place in the galleries of 
the India Museum at South Kensington. 





THe .MeTROPOLITAN Boarp or Works (PuR- 
CHASE) WATER Buiuu.—Last week a deputation of 
the representatives of the eight water companies of 
the metropolis waited on Mr. Cross at the Home 
Office, to inquire what course the Government \ 

od to take in reference to the above-named bill. Mr. 

uda, M.P., in introducing the deputation urged the 
objections of the companies against the bill, more especially 
as it asked to di with the second ing, 
except pro forma, and to send the bill directly into com- 
mittee. . Cross, in reply, stated that he 
opportunity of consulting the President of the Local 
Government Board on the subject. He understood that 
the object of. at once proceeding into committee was with 
the view of seeing whether some stop could not be put to 
agitation on the matter, attended as it was by many evils. 
While he was anxious that something definite should be 
done, he saw not the slightest chance of the bill being read 
a second time during the present session—a decision which 
we ventured to suggest some time ago. 
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ON THE CONSTRUCTION OF VESSELS TO 
RESIST HIGH INTERNAL PRESSURE.* 


By Dr. ©. Wru11am Sremens, D.C.L., F.B.S. 


In constructing vessels intended to withstand a great in- 
ternal pressure considerable practical difficulty has hitherto 
been encountered. If boiler plate is used in their construc- 
tion, the seams of rivets are sources of weakness, and of 
uncertainty as to resisting power, increasing with the thick- 
ness of the plate required to withstand the intended strain. 

In co’ uence of these practical difficulties, it has been 
generally thought advisable to limit the diameter of cylin- 
drical vessels intended to bear ¢ strain, and to resort to 
a multitubular construction. But here again the difficulty 
of many joints is encountered, and the vessels constructed 
upon this principle necessarily occupy much more room 
than a plain cylindrical vessel would do. When cast iron 
is resorted to in the construction of such vessels, as in the 
case of hydraulic presses and accumulators, the thickness 
required is such as to render these vessels extremely pon- 
derous and costly; and it sometimes happens that the 
fluid under pressure finds its way through the pores of the 
metal. 

At the present time the occasions for the use of high- 
pressure vessels increase daily, with the application of com- 
pressed air as a motive mt, with the application of — 
draulic transmission, and with the introduction of high- 
pressure steam for marine purposes, where the large dia- 
meters of the boiler shells required necessitate the con- 
struction of cylindrical vessels of great strength. 

The writer’s attention was specially directed to this sub- 
ject last year by Colonel Beaumont, who asked him to ad- 
vise regarding the construction of vessels of not less than a 
hundred cubic feet capacity, and capable of resisting an in- 
ternal pressure of at least 1000 pounds on the square inch. 
The dead weight of this vessel was not to exceed 2} tons, as 
it was intended to act as a reservoir of highly compressed 
air, to supply air for working his tramway locomotive en- 


ne. 
“he designing this vessel, the writer acted upon the prin- 
ciple of employing a metal to resist the bursting pressure 
that should combine strength and toughness in the highest 
degree, and so disposed that its continuity should not be 
disturbed by any sudden changes in dimensions or by per- 
forations of any kind. The material selected was steel of 
such quality as to be capable of resisting a tensile strain of 
45 tons per square inch, and of extending from8 to 10 per cent. 
before breaking. The vessel itself consists of fourteen cy- 
lindrical rings of 40 in. internal diameter and 12 in. depth, 
rolled out of solid steel ingots in a tyre mill, and of two hemi- 
spherical ends beaten out of steel boiler plate. The hemi- 
spherical ends and the rings are strengthened at the edges by 
projecting dwarf flanges. ‘The only tooling necessary to these 
rings and ends consists in turning a V groove into each 
face, care being taken that all the grooves should be at the 
same distance from the centre, irrespective of the precise 
diameter of the rings. Rings of well annealed copper wire 
of J, in. thickness were prepared, the diameter of these 
rings being precisely the same as that of the grooves. 

Two rings of cast steel, each perforated with 20 
holes of 1§ in. diameter, fit over the hemispherical ends, 
but rest chiefly against the projecting dwarf flanges of 
the same; through these holes, 20 bolts of steel of 14 in. 
diameter, of such quality as to resist 50 tons per square inch, 
are passed, care being taken to enlarge the screw part 
of the bolt, in order not to weaken its total strength in that 

art, but to allow of uniform elastic action throughout its 


ngth. 

The different parts composing this vessel having been 
thus prepared, the vessel was built up as represented in the 
drawing, and the bolts gradually tightened to a point just 
sufficiently to resist the intended internal pressure. This 
being accomplished, the vessel was filled with water and the 
pressure of an hydraulic accumulator loaded to 1000 lb. 
per square inch was applied. No sign of leakage was observed 
except at one joint, Shene the thickness of the copper ring 
appeared to bave been insufficient to fill the groove. This 
defect was remedied by passing the edge of a thin chisel in 
between the flanges, and pressing the coppering in that 
place by gentle hammering, which had the immediate effect 
of stopping the leakage. The internal pressure was there- 
upon gradually raised to 1300 1b. on the square inch, at which 
point nearly all the joints began to weep, showing that a 
point of pressure had been reached at which the bolts com- 
menced to elongate. Each nut was thereupon drawn u 
another eighth of a turn, and the pressure again poh 
when the vessel was found to be perfectly tight at the pre- 
vious pressure of 1300 lb. on the square inch, but began to 
show leakiness at all the joints when the pressure reached 
1400 lb. On lowering the pressure again to 1300 lb. on the 
square inch, no further leakage was observed, showing 
that the joints had been completely closed again by the 
elastic pressure of the bolts. 

Considering that the intended working pressure of this 
vessel is only 1000 lb. per square inch, it was thought un- 
necessary to draw the bolts any tighter, although, accord- 
ing to calculation, the rings as well as the bolts are capable 
of resisting with safety above 2000\b. per square inch. It 
was thought safer on the contrary to allow the bolts to be 
drawn up to such a point only that if by any accident the 

ressure should considerably exceed the ordinary working 
fimite, they would yield by slightly elongating, and thus 
act the part of an elastic safety valve in allowing the fluid 

ressure to escape through the metallic joints. The great 
fongth of the bolts insures a sufficient elastic range of action 
for this purpose, and being made of steel containing five- 
tenths per cent. of carbon, they will retain their elasticity 
for an indefinite length of time. 

This vessel, which was constructed at the Landore Steel 
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Works, has now been delivered to the makers of the engine, 
Messrs. Greenwood and Batley, of Leeds ; this engine will 
shortly be employed at Woolwich Arsenal as an air locomo- 
tive for shunting purposes. 


The writer is of opinion that the same principle of con- | 


struction is applicable to hydraulic cylinders and accumu- 
lators. In this case the longitudinal bolts need only be 
strong enough to tighten the copper joints, whereas the 
rings have to be made strong enough to resist the 
hydraulic pressure. Taking, for instance, a hydraulic 
cylinder of 2 ft. diameter and an internal working 
pressure of 2 tons per square inch, the rings have to be 
rolled of a thickness of 1.6 in., which corresponds to a 
working strain of 15 tons per square inch, or one-third 
of the breaking strain of the material composing the 
rings. 

This press would give an hydraulic 
and would weigh probably not more than one-fourth of the 
weight of a press of the ordinary construction. The same 
argument would apply to accumulators of large dimensions, 
which could be built up of rings at a comparatively cheap 
rate, and of practically unlimited range. The application 
of this mode of construction to marine boilers is shown 
by diagrams. These boilers are necessarily of large 
diameter, and in constructing them of wrought iron, or 
even of mild steel, plates exceeding 1 in. in thickness have 
to be employed, and it is not easy to work and rivet plates 
of such dimensions, nor is the rivetted seam nearly as 
reliable as that of thinner plates. The diagram represents 
a boiler shell of 10ft. diameter, of the proposed construc- 
tion. It consists of twelve continuous rings of j in. thick- 
ness of metal fastened together by sixty-four steel bolts of 
1y, in. in diameter, which s through the end plates 
and thus bind the whole fabric together. These end plates 
are fitted with furnaces and steam tubes in the usual 
manner. 

A boiler of this construction and of these dimensions 
could be safely tested up to 2001b. per square inch, the 
rings being sufficiently strong to withstand an internal 
pressure of 600 lb. on the square inch ; and it possesses, in 
common with the air vesual already described, the advan- 
tage of leaking, through the yielding of the elastic bolts, 
long before there is the least danger of explosion. It 
possesses moreover the additional advantage that it can be 
carried in pieces to be put together in situ, thus facilitating 
carriage and avoiding the necessity of providing hatchways 
lf ~ eee dimensions for putting the boilers on 


ame of 904 tons, 


In order to prevent galvanic action between the copper 
and steel rings, it will be found desirable to caulk the joints 
from within the boiler with india-rubber or with strin 
saturated with some resinous compound, or simply to tusk 
such a compound into the joints from within the boiler. 

The interest at present manifested in the substitution of 
steel for iron for engineering purposes, has induced the 
author to bring this paper before the Institution without 
waiting for practical co tion of the construction in- 
volved upon an extended scale; the question is one rather 
of mechanical detail than of principle, the object being to 
treat material in such a way as to develop its maximum of 
resisting power when applied to the construction of vessels 
to resist high internal pressure. 
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ECCENTRIC CHUCK, 
To THE EpiToR OF ENGINEERING. 

S1r,—I send you herewith a drawing and description of 
an ‘‘ eccentric chuck.’’ I have used it for some time and 
find it worth recommending as a labour-saving tool, and 
one that will produce more reliable work than by the usual 
method. As will be seen by the drawings, it is arranged 
to screw on to the spindle of the ordinary lathe in place of 
the common “ chuck ”’ plate, and consists of two circular 
plates, the outer one arranged to slide on the surface of the 
one fixed on the lathe spindle; adjustment is made by 
means of the screw, the two plates being firmly held together 
by T-headed bolts when in use. In using this tool, the 
workman has only to lay down the centre line of the eccen- 
tric and place it on the chuck so the line coincides with 
the line on the plate, otherwise moving the casting so 
as to secure the best possible position of the chucking bolts. 
When secured, the chuck is shifted until the hub of the 
eccentric runstrue, and then bored. The gauge shown is used 
to give the proper ‘‘ throw ”’ or distance to move the outer 
plate to do the outside rim of the eccentric. It consists of 
a standard scale or rule (laid out in as many divisions as 
may be required) sliding in a groove in a standard, the foot 
of which is applied to one plate, while the rule is pushed 
against the other, as shown, and secured by the thumb- 
screw. The sliding sleeve is then adjusted say, to suit the 
present example, flush with the end of the rule, and secured, 
the rule is then moved three inches exactly and again 
fastened, when the ‘‘ chuck” is screwed over until the 
fauge can be applied, same as before, and found correct. 

he rim of the eccentric can then be finished. It is readily 
seen that the surface between the plates being a plane, and 
the eccentric not having shifted, that the boring and turning 
must be in a line with the revolving spindle of the lathe 
and, consequently, true with each other—a very desirable 
condition, judging from the number one may observe in 
actual practice of hot eccentric straps and ‘‘ buckling” con- 
nexions. The plate or chuck should be made substantial, 
so that, with the improved facility it presents of bolting 
the work firmly to it, there is no excuse for not applying 
the lathe tool vigorously without fear of shifting the work. 
I found it very convenient to cast three feet on the excen- 
tric to facilitate chucking and to hold the casting away 
from the chuck to give clearance for the tools in working. 
These can be easily broken off flush by a properly directed 
blow of a hand-hammer. The chuck is suitable for small 
crank and double bearings. It is not patented, and I send 
it along for the benefit of mechanics like myself. 

Yours truly, 
EpGar PENNEY. 

New York, 32, West 25th Street, March 19, 1878. 








GRAIN ELEVATING IN Russta.—A cablegram announces 
that several well-known New Yorkers have received con- 
cessions from the Emperor of Russia, ting them the 

rivilege of elevating grain throughout the Russian empire. 
he parties refe’ to are Messrs. E. G. B 8, pre- 
sident of the Floating Elevator Company; L. B. Shaw, 

resident of the Grain Warehousing Company ; and T. B. 

e, of the International Grain Elevating Association. 
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THE STRENGTH OF BOILER FLUE TUBES, 
To THE EpiIToR oF ENGINEERING. 

S1r,—In your article on ‘‘ Corrugated Flues for 
Boilers,” in your number of March 29th, after giving 
a description of the results of the test of the 

lain flue and its failure at 200 lb., you say that by 
Pairbairn’s formula it should have borne about 350 lb. 
This comparison, I beg to say, is not quite correct. It 
ap to me you have overlooked the fact that the 
failure of this tube and the collapse as understood by 
Fairbairn, and others who have accepted the results of his 
experiments as their guide, are two very different things. 
The difference at first sight may appear to be only one of 
degree, but on examination it will be found to be of such a 
degree that the conditions that were wanting in the test 
you described make it actually a difference in kind. The 
failure of the plain tube, as described by you, was local 
and partial, being only about one-quarter the length of the 
tube, and about ;4th the diameter, whereas the collapse of 
the tubes in Fairbairn’s tests was general and complete, 
and at the higher pressures accompanied by a loud report. 

I hare here assumed 1} in. to be the amount of deflection, 
the 1} ft.* you mention being evidently a “‘slip.”” As a rule, 
the collapse of tubes of large diameter compared with the 
thickness, and of lengths commonly met with, begins in 
the same manner as in that you describe. The first effect 
of the pressure is seen in an alteration of the relative 
dimensions of the diameters at right angles to each other, 
which may extend along a considerable leagth of the tube. 
In new tubes this alteration is frequently permanent, and 
to a much greater degree than in the test at Leeds, and is 
probably due (1) to a kind of ‘settling down” to their 
shape, produced by the change from hanging by their two 
ends to being lifted and buoyed up by the water, (2) to the 
external pressure, and (3) to the from-end-to-end pullexerted 
by the hydraulic pressure against the boiler ends, which 
seldom averages more than three-quarters of a ton per 
square inch. Under steam this pull gives place to a thrust. 
On continuing the pressure some weak spot begins to fail 
by flattening and bulging, the diameter which passes 
through the weak spot becoming less. After this flattening 
reaches a certain amount, unless the spot is extremely 
weak, as in an overheated plate, the deflection produces a 
contrary distortion at right angles. The transverse altera- 
tion of form is, up to a certain point, sufficient to ac- 
commodate the displacement at the weak ary without 
taxing the crushing resistance through the whole thickness 
of the plate,'or without producing practically any from- 
end-to-end tension. Up to this point the strength of the 
tube is not affected by the length, and the distortion may 
be very slight. But when the local distortion reaches a 
certain limit it tends to become general, and to affect the 
material fore and aft of it by putting it in tension. The 
first effect of the resistance to this tensile stress is a kind 
of ‘‘ gathering in’’ so to speak, or flattening along the 
tube. It is now that the element of length comes in to 
affect this resistance. a 

The shorter the tube the more quickly is the progress of 
this flattening stopped, and any further deflection at the 
weak point can only be accommodated by the tube stretch- 
ing from end to end, when the ends are kept from approach- 
ing each other. As the amount of stretching due to a 
given load is a factor of the length ina plate of uniform 
section, it follows that the distortion after a certain limit 
has been reached, and consequently the pressure to pro- 
duce collapse, depend upon the length of the tube. 

In the plain tube tested at Leeds, this flattening or de- 
flection had only reached a length of 2 ft. when the tube 
was considered to be practically destroyed. If the con- 
struction of the test apparatus had been such as to prevent 
the ends from bulging in and being drawn towards each 
other, there can be little doubt that it would have required 
more than 350 lb. pressure to produce collapse in the sense 
in which Fairbairn used the term. It happened that neither 
the size of the test vessel nor the fixing or rather want of fixing 
of the ends of the tube would have itted of the collapsing 
pressure of the tube being ascertained. It is probable that 
if the ends ‘of the plain tube had been secured to ends in 
the test vessel no stiffer than an ordinary boiler shell, the 
longitudinal tension upon the tube would have assisted it 
to resist the collapsing pressure. 

Whether the collapsing pressure as usually understood, 
or the pressure sufficient to produce such an amount of 
failure as described,‘is the right one to take for what is 
called the ‘‘ collapsing strength”’ of the tube, is another 
question. You have carefully refrained from using the 
term “‘ collapsing’’ pressure, but from the manner in 
which the collapsing pressure of Fairbairn, and the pressure 
which “‘ destroyed the plain tube,” as you express it, are 
compared, it is evident you consider the latter to be the 
measure of the ultimate strength to resist external pressure. 
There is also little doubt that it will be generally accepted as 
such. This, however, brings us toa difficulty, for if we take 
the rule of the strength of tubes to be inversely as the length, 
as pry ol accepted and acted upon, a tube 32 ft. long, 
and of the same diameter and thickness as that described 
should be ‘‘ destroyed’’ by a i of 50 1b. Since un- 
strengthened tubes of these dimensions, and of a weaker 
shape, have stood for years at 60 lb. pressure, it would ap- 
er that the ring seams must be credited with a value that 

therto has not been assigned to them, or that the strength 
does not vary inversely as the length. 

In attempting above to explain the apparent discrepancy 
between the resistance of the tube tested at Leeds as calcu- 
lated from Fairbairn’s experiments, and that given as the 
result of the test, I have been led into enunciating a new 
theory of the resistance of tubes to collapse, broached for 
the first time by myself at the end of a communication 
which aeusees in ENGINEERING of July 14th, 1876, with a 
view to having it confirmed or refuted ly some one more 
able to deal with the subject than I am. 





* (Mr. Wilson is right, the “ ft.” wasa misprint.—Eb. E.] 





Now the first objection to this theory that will s t 
itself to those who have given any attention to the subject 
will probably be that in a tube 30 ft. long, but similar in 
other respects to the plain tube tested at Leeds, the resis- 
tance to stretching over the whole length of such a long 


tube will not be practically brought into play before the 
tube has been very considerably disto reply to 
this I would say, that no tube anything hke 30 ft. in h 


le: 

was ever made similar to the tube in question. Tu 
30 ft. in length as commonly made, without anything to 
strengthen them except the double thickness of plate at the 
ring seams, do not stretch over the whole length of plate 
between joints. The stretching is confined to the weakest 
portions, which are the rivet holes at the ring seams. I am 
of opinion that if ¢ in. tubes, 3 ft. in diameter, and 30 ft. 
long, from #in. to lin. out of true circular form, were 
— of practically uniform thickness from end to end, 
they would not stand so long at 60 lb. pressure as tubes 
now do constructed in the ordinary way without any 
ae rings. 

The second objection will be that according to the above 


theory the bulging would not have commenced any sooner | po 


in a tube 30 ft. long than it did in the tube 8 ft. long, and 
the difference in the collapsing pressures of two such tubes 
would only be determined by the resistance to a tensile 
strain beyond the pressure at which the ow local dis- 
tortion began to spread fore and aft. In reply to this I 
would say that there is no evidence, experimental or theo- 
retical, to show that local bulging or flattening would 
commence any sooner in a tube of indefinite length than it 
did in the 8 ft. tube. The longer the tube, however, the 
greater will be the number of weak points for the dis- 
tortion to commence at. From the dimensions given the 
8 ft. tube appears to have been nearer a circular form than 
any very long tube I have measured. Many tubes are 
$ in. oval, and tubes with longitudinal lap joints are 
usually considerably more than the thickness of plate out 
of the circular form for the whole length of plate. 

You say the result of the test at Leeds ‘‘ showed that a 
boiler collapse from excess of pressure, if it once com- 
mences, must be a and ry! instantaneous.”’ If 
this were true for all cases of collapse, as the word is 
usually applied, I should probably not be alive to dissent 
from this conclusion, as I San watched furnace tubes in 
boilers at work coming down gradually for several hours, 
when the plates have become overheated in consequence of 
the water being impregnated with carbonate of lime, a 
cause of overheating I was lately rather surprised to find 
is still denied by or unknown to some engineers. In one 
case the distortion was quite as great as that described by 
you, and the owner had the fire drawn, as he did not approve 
of ‘* seeking the bubble information even at the furnace 
mouth,”’ although I was anxious to watch the further pro- 
gress of the distortion. 

I was rather surprised to see the corrugated tube at 
Leeds styled ‘‘ Fox’s patent.’’ I mentioned in my “‘ Treatise 
on Boilers’’ in 1872 that it had been proposed to strengthen 
tubes by making them of corrugated plates. This was 
suggested to me by seeing a corrugated tube plate in the 
boiler yard of Messrs. Hawks, Coenahaer, and Sons, of 
Gateshead. I subsequently found that this form of flue tube 
was patented in 1870 by Mr. Morrison, their foreman boiler 
maker. If my memory serves me aright, Mr. Fox’s patent 
dates from about twelve months ago only. 

Iam, yours truly, 
RoBertT WILSON. 
116, Queen Victoria-street, E.C., March 31, 1878. 

P.S.—It is possible that the somewhat careless use of the 
word “‘collapse,”’ to describe very different degrees of dis- 
tortion, is at the bottom of the disappointment experienced 
in the test of the large tube you described in ENGINEER- 
ING about two years ago. 








UNDER LUBRICATORS. 
To THE EDITOR OF ENGINEERING. 
S1r,—It would doubtless be interesting to the public if 
Mr. John Somerset would state, in what material point 
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the plummer block which he claims as his patented design, 
differs from the arrangement shown in Fig. 17, Plate 15, of 
*‘Vignole des Mécaniciens,’”’ 1865 edition. This arrange- 
ment (see sketch) bears the date of 1852. 

‘‘ONE OF THE PUBLIC.”’ 








COMPOUND ENGINES AT GAS WORKS. 
To THE EDITOR OF ENGINEERING. 

Srr,— With reference to the discussion in your columns 
—s the relative economy of using high-pressure or 
compound steam engines for works, allow me briefly to 
call attention to a few facts taken from the valuable records 


of experiments on engines, &c., ap) ing from time to 
time in your journal, which have sugueentiy bess overlooked 
by your correspondents. 

erence has been made by them to Mr. Woodall’s 
paper, read before the British Association of Gas Managers, 








and published by you on page 58 of your last volume; and 
the results there given of the ‘ormance of a common 
high-pressure non-condensi , and also of a con- 
densing engine at the Phonix Gas Works, Vauxhall, seem 
to be accepted by both as affording a fair comparison with 
the results of a trial of Messrs. Donkin and Co.’s com- 
pound condensing engine of the newest design, fitted with 
variable expansion gear and every appliance for effectin 

economy in the use of steam. Now, the two engines aibeeel 
to have been at work at Vauxhall for a number of years, 
and at the time they were built I expect the requirements 
for working steam economically were very little understood 
or app ted—indeed, I question whether it occurred to 
any one to inquire how much steam was actually consumed 
until Mr. Woodall made his experiments. Therefore any 
arguments as to the relative economy of high-pressure 
engines of the present day, based on the results of Mr. 
Woodall’s experiments on the engine at Vauxhall, must be 


erroneous. 

For a fair comparison between the pound and the 
Maheesenss engine I must refer to the trials of the 

rtable engines at Cardiff, in July, 1872, full reports of 
which appeared in your journal of that date. I will take the 
three results from your Table in which the indicated horse 
power is stated as giving a fair example of what can be ex- 
omy of a high-pressure engine when fitted with all the 

test improvements for economising steam. One of these 
——. with only a single slide valve (no separate cut-off 
valve), used 26.8 lbs. of steam per indicated horse power. 
Another, fitted with separate cut-off valves, also used 26.9 
Ibs. of steam per indicated horse-power ; while the third 
engine, also fitted with separate cut-off valves, only used 
23.75 lbs. steam per indicated horse power per hour. 

It may be said that the results obtained at these trials 
could not be depended on in practice ; but it appears to me 
that the only exceptional circumstance was the skilful 
stoking employed, and the only effect of this would be to 
increase the efficiency of the boiler and would not in any 
“| affect the amount of steam used by the engine. 

ow, Messrs. Donkin’s compound condensing engine at 
the South Ley oy Gas Works, tested on 4th January, 
1878, used 23.41 lbs. of steam per indicated horse power per 
hour (see page 117 of your present volume); but, ag the 
amount of steam condensed in the steam jackets was not 
recorded at the Cardiff trials, I will deduct the 1.74 lbs. of 
jacket water, which will leave 21.67 lbs. of steam per indi- 
cated horse power per hour used by Messrs. Donkin’s com- 
pound condensing engine ; or, taking that as the standard 
of comparison, then the best high-pressure engine used 10 
per cent. and the others 24 per cent. more steam than the 
compound engine. 

A high-pressure engine has, however, an advantage over 
a condensing engine, in the fact that the exhaust steam can 
be utilised to heat the feed water, which can be supplied to 
the boiler at a temperature of 210 deg., instead of 100 deg., 
as it would come from the hotwell of a condensing engine. 
This would have the effect of increasing the evaporative 
efficiency of the fuel at least 10 per cent., so that for the 
same amount of fuel there would be 10 per cent. more steam 
available for the use of the high-pressure engine, due to the 
extra heat of the exhaust steam utilised beyond that of a 
condensing engine. 

In your tabulated report of the Cardiff trials, you give 
from 14 per cent. to 15 a cent as the gain due to heating 
the feed-water from 55 deg. to 210 deg., so that Messrs. 
Donkin and Co.’s engine actually required from 4 per cent. 
to 6 per cent. more fuel (not steam) by not using their warm 
condensing water for feeding the boiler. 

We may therefore consider that a properly proportioned 
modern high-pressure non-condensing engine, fitted with 
variable cut-off gear to suit the supply of steam to the 
amount of work, will only require from 10 per cent. to 24 
per cent. more steam than Messrs. Donkin’s compound con- 
densing engine (instead of from 250 per cent. to 300 per cent. 
as assumed by your correspondents), and if fitted with an 
efficient feed-water heater (as all non-condensing engines 
should be) the fuel account will only be from 0 per cent. to 
14 per cent. more than the compound condensing engine, 
using warm condensing water as toed. 

There is a most important difference between these re- 
sults (of actual experiments) and those recorded in Mr. 
Woodali’s paper, and only shows what improvement can 
be effected in the use of steam in high-pressure engines by 
careful attention to the conditions essential to economy. 

Unfortunately there has not hitherto been much demand 
for economical engines in ga works, owing, no doubt, to 
their hoes able to utilise fuel of only a nominal value at one- 
third of the equivalent cost of the best Welsh coal—equal 
to, say, 6s. 8d. per ton. 

As, however, the present discussion will no doubt call the 
attention of gas managers to the advantages of using econo- 
mical engines even with cheap fuel, I hel like to point 
out how far it is advisable to lay out extra capital on an 
engine for a certain estimated saving in fuel. 

A compound condensing engine using 4.36 lbs. of breeze 
(or coke) per indicated horse power per hour (from your 
Table, page 109), and ws continuously, say, 8760 hours 

r annum, would require ewt. of breeze per indicated 

orse power per annum. A high-pressure engine using, say, 
for the sake of comparison, 14 per cent. more fuel than the 
compound, would require 47 cwt. extra, which, at 4s. 54d. 
per ton (as given in your Table) represents an extra charge 
of 10s. 6d. per indicated horse power per annum. 

From this must be deducted the cost of the injection water 
for the condensing engine. ing the very low estimate of 
Messrs. Donkin and Co.—viz., 201. per annum for a 60 in- 
dicated horse-power engine, this will amount to a charge of 
6s. 8d. per indicated horse power per annum for condensing 
water, leaving only 3s. 10d. per indicated horse power per 
annum as the extra cost of the high-pressure engine. 

ing 15 per cent. for interest on capital deprecia- 
tion, this charge of 3s. 10d. per annum will re: t a 
capital or first cost of 25s. 7d., so that if the cost of the com- 
pound condensing engine, including foundations and all 

















310 


ENGINEERING. 








[ApriL 19, 1878. 





pipes and connexions for the injection water, exceed the 
cost of a modern high-pressure engine, with feed-water 
heated by more than 25s. 7d. per indicated horse power, 
there will actually be a loss in using a compound engine. 

To explain'my meaning more fully, I will take as an ex- 
ample Messrs. Donkin and Oo.’s compound engine at the 
South Metropolitan Gas Works, designed to work economi- 
cally up to 60 indicated horse power. Maltiplying this 
horse power by 25s. 7d. gives 77/. ‘To this I will add (in 
deference to Messrs. Donkin’s opinion) the assumed extra 
cost of boilers for the high-pressure engine, say 14 per cent. 
extra on the 6301., which is their own estimate of the ex- 
pense of boilers suitable for theirengine. This will amount 
to 881., making a total of 1651. ; so that, if the cost of Messrs. 
Donkin’s compound engine, complete, exceeds that of a high- 
ressure engine by more than 165/., there will be a positive 
oon This will clearly show that tha compound engine 
cannot py with a modern high-pressure engine in gas 
works or other places where cheap fuel is available. 

The facts mentioned above have been entirely derived 
from information contained in your valuable journal, the 
accuracy of which few would dispute. The conclusions I 
have drawn from them are, I think, sufficiently obvious to 
any unprejudiced mind. I enclose my card, and remain, 

Yours truly, 
Farr Puay. 





To THE EpITorR OF ENGINEERING. 

Srr,—I have read with interest the letters on the above 
subject, which your articles on the trials at the South 
Metropolitan Gas Works have evoked. Having had some 
experience with each of the types of engine referred to by 
your correspondents, and as figures of mine have been 
quoted by them, I may be permitted so say a few words 
before you close the controversy. 

And first let me say that to my mind the argument is 
one in which the special conditions of a gas work have no 
weight. An engine is neither less or more economical 
when driving exbausters than when doing any other work 
for a similar number of hours ; it is quite true that the 
fuel used is made on the works, but, saving only in the 
item of carriage, it is of just as much value to the gas com- 
pany as to any other user. I fail, therefore, to see the 
advantage of following ‘‘ Manager’s”’ advice and ‘‘ keeping 
in mind that it is with the work of a gas works we are 
dealing.”’ 

At one of the works under my charge we have had in use 
for driving exhausters : 

1. A horizontal high-pressure engine of the ordinary 
class. 

2. Beam condensing engines, single cylinders without 
jackets. 

3. A horizontal compound engine of the same make as 
that at the South Metropolitan Works. 

The result of some careful trials of these engines have 
already appeared in ENGINEERING, and I will make but 
one quotation from them, simply premising that the en- 
gines were each in good working order at the time of trial : 


Water Evaporated per Indicated Horse Power. 
Ib. 


Non-condensing engine 76.25 
Beam engine | ede ion ese 56.00 
Compound engine... ‘ 25.00 


As the result of a winter’s work with the compound 
engine, I am’ disposed to say that the comparative 
economies of the three types are fairly represented by this 
Table. 

I was much surprised at the excellent evaporative effect 
obtained from the breeze fuel used in your trials ; my own 
experience has been that while with 1 lb. of good coke we 
can evaporate 8 lb. of water, a pound of ordinary breeze 
such as would be sold at 4s. per chaldron would only 
evaporate 5 lb. 

Your correspondents each quote 10.51lb. breeze as the 
requisite fuel with a non-condensing engine for each indi- 
cated horse power. In the trial from which they quote I 
used coke, and I therefore say that the comparison would 
be more fairly made between 10.5 lb. of coke and 2.75 lb. of 
similar fuel, which I have found to be sufficient with the 
compound engine. 

The figures would then be : 


Non-condensing engine, 3344 chaldrons £ 8. 
at 9s. ove “an eee we = 1504 16 
Compound engine, 876 chaldronsat9s.= 394 4 


‘*Manager’s’’ figures are in some respects singularly un- 
fair. For instance, he assumes thay the ten-horse power 
absorbed in driving the engine and shafting at the South 
Metropolitan Works is fairly comparable with the twc-horse 
power which would be required to drive a non-condensing 
engine alone. The use of a compound engine in no way 
involved the necessity for driving exhausters by belts, and 
on the mere engines alone there would certainly not be a 
greater difference than 1} to 2 horses. 

Messrs. Donkin have already dealt with the question of 
boiler power, and I quite agree with their Uedastions. 
** Manager”’ knows nothing of the reasons why boilers of 
so large a size were put down, in this mstter we are only 
concerned with what is needed. Again as to “‘ attendance,” 
“M r’’ can serious in assuming that the 
number of men will be doubled while the work is reduced 
by two-thirds. In my own case, I immediately dispensed 
with our stokers when the compound engine was started, 
and the drivers we had, found no difficulty in attending the 
engine and feeding the boiler also. 

ow case the condensing water is had for the cost of 


pumping. 
I 4 no hesitation in saying that compound engines, 


thanking you for the admirable manner in which the results 
of the trials were presented to your readers. 
I am, Sir, yours, &c., 
CoRBET WOODALL. 
Pheenix Gas Light Company, Bankside, S.E., 
April 3, 1878 








EXPERIMENTS RELATIVE TO STEEL 
BOILERS.* 
| Mr. Witti1Am Boyp, of Newecastle-on-Tyne. 

In the autumn of 1877 Messrs. H. Clapham and Co., a 
firm of shipowners in Newcastle, decided to build a new 
steamship specially suited for the Bilbao iron ore trade ; 
the carrying out of the contract was entrusted to Messrs. 
C. Mitchell and Co., Walker-on-Tyne, and the vessel was 
to be built wholly of steel. The machinery was ordered 
from the Wallsend Slipway Company, and it was determined 
that the boiler should also be constructed wholly of steel 
made by tte Landore Siemens Steel Company. The vessel 
was to be classed at Lloyd’s, and therefore the machinery 
and boiler came under the supervision of the engineering 
department of that society. 

The drawing exhibited shows the design of the proposed 
boiler, which is of the usual marine type, 13 ft. 3 in. ete 
by 10ft. 8 in. long, and contains three furnaces, 3 ft. 3 in. 
diameter ; the working pressure proposed was 65 lb. and the 
total heating surface 1880 square feet. Itis not necessary to 
refer further to this design beyond to state the reduction 
it was proposed to make in the thicknesses of the various 
plates, and which was a follows: 


ON 


Reduction 
Inches. per cent. 
Boiler shell plates. . . . from } to }4 = 21.43 
OS eae eee ‘ »» Ye = 25.0 
Furnaces and combustion chambers __,, » Ys = 12.5 
Front and back tube plates . . 99 » tt = 8.33 


On this design being submitted to the committee at 
Lloyd’s, a reply was received intimating their willingness 
to approve of the boiler ‘‘as an experiment only, provided 
the material stands the following tests : 

**1. That some of the plates taken indiscriminately from 
among the shell and other plates be submitted to u tensile 
test, and shown to have an ultimate strength of from 
26 to 30 tons per square inch. 

‘*2. That a specimen‘of the rivetted longitudinal joint be 
tested, and proved to have a percentage of strength at least 
equal to 74 per cent. of the solid plate. 

‘“*3. That a shearing of every plate used in the construction 
of the furnaces, combustion chambers, and tube plates, be 
subjected to the tempering tests as described in enclosed 
prospectus with satisfactory results. 

**4. That it beshown by an actual experiment that the 
flat plates with the proposed reduction of thickness, stayed in 
the usual manner, are as strong to resist buckling (by 
hydraulic pressure) as ordinary wrought-iron plate.’’ 

It may be mentioned here that after careful consideration 
and experiment, of which the details will be given hereafter, 
it was decided to use steel rivets in the construction of the 
boiler, and also that the owner determined that the boiler 
should be fitted (at considerable extra expense) with solid 
drawn steel tubes, so that the whole structure might be 
homogeneous in all its parts, and be a complete experiment 
undisturbed by any conflicting elements from discordant 
materials. It is now proposed to give the result of these 
experiments, much in the order in which they were carried 


out. 

Tensile Tests.—The first series is that given in Appendix, 
Table I. and the results, though deserving of md allen 
tion, may in their main features be summarised in a few 
words, Seventeen samples were prepared, but three of 
these gave way at the attachment, leaving fourteen suc- 
cessful. The average tensile strength of these fourteen 
specimens is 28.7 tons per square inch, and with one excep- 
tion (No. 7) they exhibit a remarkable uniformity—showing 
that regularity of quality is now obtainable in a large speci- 
fication of steel plates without practical difficulty. 

Elasticity is lost at an early point, viz., at an average of 
16.6 tons per {square inch, equal to 58 per cent. of the 
average ultimate breaking strain. Elasticity also com- 
mences early, for taking specimen No. 9, taken from the 
shell plates of the boiler, we find elasticity is perceptible 
at a strain of 25 tons, equal to 11 tons per square inch of sec- 
tion. The strainon each square inch of the longitudinal 
joint, when the boiler is under the hydraulic test of double 
the working pressure, is 9.22 tons per square inch, leaving 
a margin of 1? tons per square inch, which is sufficiently 
small to point to the advisability’of not submitting a steel 
boiler to a greater hydraulic test than twice the working 
pressure. 

In endeavouring to arrive at a fair estimate of the 
amount of stretch in relation to the length, the writer 
thought it advisable to eliminate all the short specimens 
as not affording reliable data. Taking four specimens 
6} in. long, three specimens 7? in. long, and two 12 in. long, 
nine in all, we find the average ultimate stretch or elonga- 
tion to be 26.5 per cent. of the length of the specimen, 
which is a considerable amount, and will be further re- 
ferred to hereafter. 

Longitudinal Joints.—This series of experiments was 
instituted in order to determine the strength of the longi- 
tudinal joints of the boilers, which were calculated to bear 
a strain of 73.41 per cent. of the solid plate. Two samples 
were prepared, shownt by Figs. 1 and2 and 5 and 6, repre- 
senting a fair average portion or strip of the longitudinal 
seam, 12 in. broad by }} in. thick, the area of which through 
the solid plate is equal to 8.25 square inches. The rivets were 
ls in. diameter, pitched 4 in. apart. The holes in the 





such as those made | Messrs. Donkin, are 1 on 
works, as they will prove to be in any situation where 

uel is of ordinary value. 

In conclusion, allow me to join with ‘‘ Manager” in 











* Paper read before the Institute of Mechanical Engineers. 
+ [We shall publish these figures next week with the re- 
mainder of Mr. Boyd’s paper.—Eb. E.] 





joint, where the specimen was expected to give way, were 
drilled through the butt straps and hr as eal be 
done in practice, but the work of the attaching plates was 
put together without sufficient consideration, and the holes 
were punched and closed by iron rivets in the ordinary 


way. 

On being tested, the specimen No. 1 (Figs. 1 and 2) broke 
at the attachment joint, in the line shown on diagram 
(see Figs. 3 and 4), with a sharp clicking sound. The 
breaking strain was 135 tons, equal to 18.51 tons per square 
inch, with little or no elongation. The area at the point 
of fracture was 7.29 square inches ; whereas at the point 
where the fracture was expected to occur, in the line of 
rivets of the longitudinal seam, the area was only 6.057 
square inches, and the holes closer to each other. 

This unexpected result of course gave rise to many 
theories to account for it. At one time it was supposed 
that the line of strain was not central with the rivetting of 
the specimen, but on careful examination this was not 
found to be the case. Another theory was, that this was a 
faulty plate, and that uniformity of material could not be 
relied on. This however was at variance with the nearly 
perfect uniformity of the breaking strain of all the samples 
taken from the actual plates of the boiler. Lastly, it was 
suggested that punching the holes for the attaching plates 
had destroyed the nature of the material, and reduced its 
tensile strength. Other experiments were undertaken to 
investigate this point still further ; but before alluding to 
them it will be best to conclude the experiments made in 
reference to the strength of joint. 

Specimen No. 2 (Figs. 5 and 6) was an exact duplicate of 
No. 1, so far as the joint was concerned, and broke through 
the line of rivets with a strain of 149 tons, equal to 24.59 
tons per square inch on a sectional area of 6.057 square 
inches. ‘The fracture (see Fig. 7) was crystalline, and 
although the holes were punched for the attaching plates, 
as in specimen No. 1, the margin of area must have been 
sufficient to overbalance any injury to the material caused 
by such punching. 

Taking 26 tons per square inch as the breaking strain of 
solid plate, this result gives the strength of the joint as 
69.46 per cent. of solid plate; or taking 28 tons for solid 
plate 1t equals 64.5 per cent. 

The calculated strength of the joint being 73.41 per 
cent. these results were not considered wholly satisfactory. 
It was however urged by the writer that the outside rivets, 
coming so near the edge (7 in.) left two narrow strips, 
which from the elastic nature of the material would be 
the first to yield, and thus becoming practically valueless 
would throw undue strain on the remaining strips : though 
the area of these two narrow outside pieces is reckoned as 
part of the whole area of plate left undisturbed by rivet 
holes. He further urged that in practice the longitudinal 
seams are supported at their ends by the circumferential 
seams, and that this element of narrow strips at the 
edge of the specimen does not occur in practice. Two 
further specimens were therefore prepared, numbered 3 
and 4 (Figs. 8 and 9 and 11 and 12 respectively). No. 3 was an 
exact duplicate of Nos. 1 and 2 in the arrangement of the 
rivetting of the longitudinal joint, but the samples were 
both made of sufficient length to avoid altogether the 
necessity of any attaching plate. In No. 4, however, the 
rivetting of the joint was arranged in what is called 
“chain” rivetting as distinct from ‘‘ zigzag’’ rivetting 
of the other three specimens. 

No. 3 gave way (see Fig. 10) with a total strain of 140 tons 
through a sectional area of 6.057 square inches, equal to 
65.32 per cent. at 26 tons for solid plate, or 60.66 per cent. 
at 28 tons. No. 4, though the rivetting was arranged on the 
‘* chain’’ system, had a sectional area of solid plate equal to 
8.25 square inches and an area through the line of rivets of 
6.057 square inches, giving a percentage of 73.41, and thus 
being in this respect exactly identical with the other three 
specimens arranged on the “‘ zigzag’”’ system. It gave way 
(see Fig. 13 with a total strain of 174 tons, equal at 26 tons 
for solid plate to 81.11 per cent., or at 28 tons equal to 
75.32 per cent. 

These results confirmed the opinion formed by the writer 
that the cause of failure of the first three specimens was to 
be found in the narrow strips at the edges ; and they were 
considered so satisfactory by Lloyd’s Committee that it 
was agreed to allow that the calculated strength of the 
joint had been maintained in practice, and the intended 
working pressure of 65 lb. was certified. 

The great additional strength of specimen No. 4 as com- 
pared with Nos. 2 and 3, raises an interesting question 
whether even in iron boilers ‘‘chain’’ rivetting is not 
superior to the “‘zigzag’’ arrangement, even though the 
area of solid plate left untouched by rivet holes remains 
the same. 

In all three specimens the joint was considerably stretched 
before fracture occurred (even in the case of the specimen 
No. 1); and it would seem that these joints if made in steel 
would stretch very considerably, and relieve the pressure 
in the boiler long before it might actually burst. This 
conclusion is suppo! by the fact of early elongation as 
established by the results of tensile strain shown in Table I. 

Punched and Drilled Holes.—It was considered desirable 
by the writer to continue his Sens into the amount of 
injury tothe steel plates produced by punching the rivet holes ; 
but before referring to these it may be interesting to relate 
the results which were exhibited accidentally, in an experi- 
ment which was made on the material of the spoilt specimen 
of longitudinal joint, No. 1, Figs. 1, 2, and 3, which, it will 
be remembered, gave way atthe attachment. The question 
arose whether the plate forming the joint was or was not 
faulty ; and to determine this point two small specimens 
were cut, as exhibited on the table. In one of these i- 
mens, marked No. 18, both the holes for the attaching bolts 
were drilled ; but in the fother, marked No. 19, one of the 
original punched holes was used at one end of the specimen 
for the attachment. 

No. 18 broke at 19 tons across a sectional area of 
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ENGINEERING. 


[ApriL 19, 1878. 








METALS. 
£ 


ANTIMONY Oae (per ton)— 
Regulus (Star) ..0..0-cccceres 
Brass (per |b.) — 
Sheets,48 x 24 .roccsssereeeee 
Yellow Metal .o.ccrcorceeee 


CasTiInes, TYNS AND CLEVELAND 
8 


12 
49 
8, 





Coprsr (per ton)— 
Chili — A see ceeee@regeen reese 
Australia . 
English consi DeStecccoeees 
” ingot ., aren ees 
Sheets, &c. . 





[now Orgs (per 

Red hematite, British 
puddling 

[Ron Pig (per Pe 

Barrow No, 1 ccoccsseessesee 
8 _ : ove 
Cleveland ‘io. ane 
” ” ooeee: 
90 8 cccccccsesee 
4 (Forge, 
Other qualities eccccecceces 
Weish (South Wales) .., 
» (North Wales) .., 


Bcotch Pig— 
G.m.b., at Glasgow....sovee 
Gartaherrle ..,....ccceecceees 
Col 





8 lee 
LMDZIORD oe. s00cereeererveres 
Carnbroe .... 
Monkiand. 
Oly Ge. ...ccrcereccsercesssecesee 
Govan, at Broomiclaw.., 
Calder, at Port Dundas... 
Gliengarnock, at Ar- 
drossan ..... oes 








Oarron, at Grangemouth 
Ditto, specially selected 
Shotts, at Leith ..s.cecceree 
Kiuneil, at Bo'ness... 





(The above all delivera te slongsid 


Shropshire vcecececeseere 6§ 
° 


North Staffordshire ,,,,., 
South 













Yorkshire Thornaby ‘pig. 60 


Ridsdale Nos, land 2 .,, 


laon, WaovaatT— 
Oleveland sagies, hes 
ee DATs... ° 

® puddled bars.. 

® boiler plates... 
pa PALS  ...seerseres 
a pe plates....., 
BRCOLB.... 00000008 
Sc oteh bars ...... ose 

nail rods . 
Staffordshire bars 
e 1AtOB ws... 
e LOT ..o000 
. 

Welsh alle 8.W. 
















a boiler plates, “i 

» — ROOpS, SLW. scores 
LgAD (per ton) — 

Soft - - 


Spanish ".,-.esevve-e . 
Sheet ..,...ccorceree-coccersesee 
PHOSPHOR Bronsa— 

(per CWE.) ....+ . 
QUICKSIL VER (per bottle) 
Scrap (per ton) — 

Old rails for re-mana- 

TACLUTE .....0008 
Seg Ter (per ton)— 

Silesian, ordinary ......... 
SPikG SLBISEN (per ton, — 


b..e sercvceeverccorcecserooees 











STEEL (per ton)— 
Best COSt .,...s.ccerereerseeee 
ee Gounts shear ,. 








Bo OM SO OY Ow Cue Mnn h 


go 





5 
7 


esereeeee 52 


Eicilsh® ae eee ccecencee 
lis 






14 
) 


MULAD siscecneercsereereeresees 98 


Bessemer rails ...ce.cescsses 
” BYTOS .,.cerceseesee 
” BX1OS  ..crcccceeee 
” DULOtS ..., .rorceees 


” IN GOts 00s reeeee 


Sree. Casrines (per cwt)-- 


Hydraulic cylinders in 
the rough not to ex- 


a 
9 
7 
9 


coed 6 ft. in length, s. 


eneceeseeseeees 


guaran 
Do, do. finished ........... 
Pinions and cog wheels 


BDOTO ....cerceresereevenstone 
Holders-up for ri 

machines, ac., 1} to 

OCW hancee eves. 





26 
ge 
a5 


seeveeenee 8 


Guo? was eof 
oe 


ecofoce 
coPoo 


eecoocoooco 
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eoorreon0e0a> 
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STEEL CASTINGS -Continued 8. 


Side cranks, cross heads, 
crane wheels, engine 
slides, &c.. on 

Tumbler bars ‘and. other 
castings for dredging 
PUFPOBOS ,., recceseerseeee 


Swepise Ron (F.0.b.) at 
Gottenburg — 
Pig .. esccsccecescescesees 


Bar rolled... ssesegenasen vanes 


ha 





” 
TIN (per ton) — 
Straits . 
Billiton , 
OB .ercersee 
English ingots , 
English bars... 
English refined 
AUStrAliAD.........c0rcdsvee 04 


Tim PLATES (per box)-- 









|S SP 


Zino (per ton)— 
Sheets, English ........... 
Wag, Fenci 





ng 1 
» Telegraph (galvan’ sd) 
COALS AND 


OOALS (per ton)— 
BQrrow .essseeees 
Bristol .. 
Derbyshire 


oeeeee 











i ewcastle and Durham... 
Scotch 

Staffordshire  ...,...cccee0e 
Welsh ....6 
Xorkshire, secece cence coccesere 








KE— 
‘Oleveland cccccecccccoceseceoes 
Durh 





OILS, GREASE, & LUBRICATORS 
£ £ & 


OILS (per tun) , 
Seal, brown 





» yellow " 


PsTaoLeumM— 
Fine (per gallon) .ssss0+0 
eo GEEM.... ...ccoccocsccseese 
PITon (per cwt.)— 
Britigd ...,..0..cccocssssecseres 


Archangel....0...c0¢...008-0-4§ 8 


PLUMBAGO (per cwt.)— 





Pritchard, Offer and Co.” 3 
Concentrated ....c..-0006 
Resin (per cwt.)— 
AMICTICAD ...,.....00seceneeeee0 
TALLOW (per cwt.) 
N. American ......00seeee8 
8. American beef . 





- sheep.. 
Australian — . ~ 


ee ee 
St. Fotersbare. ba eoecee 
English, town .........00000 
Rough, English . eeeccecesen, 





Targ—Stockholm (per bari.) 20 
A h ] 





TURPENTINK —Spirit— 
American (casks) ......... 
WIPINGS, engine (per owt, 


AoIps— 
Aquafortis (per Ib.) ...... 
Sulphuric acid (per ed 
Sulpharic acid, brown ., 

Awontia — Muriate (per 

COM)....cocccrsercereeree soveeeee 

ARSENIO— 

White, lump (per owt.) ... 
Powdered (percwt.)... 

BLEACHING powder percwt 

Borax—refined (per cwt.) 

BRIMSTONE — — 





OCoprse — Sulphate ia 
CW) cecceccccccrecerececcees 
LgaD, SaLTs, am erowt) 
Acetate, bes 
Brown 
White’ 
LITHARGE (per cwt.) ......... 
ig: einem (per 
SALTPRETRE a (por cwt.) 
English ed, kegs ... 


a 
ap COTY BAIS .....cccerseeneees 
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TIMBER, DEALS, &. 
LONDON, 


(Per Petersburg standard) £ 8. 
Archangel Ist yellow...... 19 © 
* 2nd yy sevens 13 10 
wn eseceee.ce 
Petersburg & Riga white 9 10 
Ohristiana deals, best 





sorts, yell.and white... 13 § 
Norway deals, other 

BOTES .....c.cercereesccreeres 8 © 
Norway battens, all sorts 60 
Swedish deals mixed ...13 © 
Swedish deals 8rd ..,...... 11 © 
Swedish deals, inferior 

ON 46D .......00-00.00000008 9 0 
(Battens 60s. less than 

deals) 
Finland deals ........s00008 10 © 


” Dastens reeves 9 9 0 


AmepBican DEALS— 
Quebec ia pine... 16 © 


” » see TO 4 


ard 7 
Floated - 40s., 20s., “ana 108., Tess for 1 Ist. 
nd, and "3rd, ‘respectively. 
Canadien sprace, at ve to © 0 


e w- 8 0 @ 


rm eee 
New. ‘Brunswick spruce. cs 
Ditto dattens ....00....00¢ 
N.S. & P. E, Isie sprace 71 
U, S. pitch pine ........... 11 1 


AMERICAN TIMBER—(per load) 
“i. (mixed and 
Do. oor yards ‘and spars 
Yellow pine, large .......+ 
= waney — 
small 


ou 
- 
mocon 







Birch, Quebec large .. ceeese 

Do. N. Brunswick and 
BB. Tab -cerccecce cee 

Do. smal! average 

Masts, red pine ., 
» Oregon... 


ewe Cuvaunse & 
S©oncodounoodd 


~~ 


on7r Saszane 
° 
oO 





Australian ironbark 
Batic TIMBER (per load) 
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AMERICAN IRON AND STEEL WORKS. 
By A. L. Hoxtey and Lenox Smits. 

No. XXII.—Tue Works or THE Epcar Tomson 
Sree, Company (LiMITED)—continued. 

The Rolling Mill—Excepting the mill of the 
Bethlehem Iron Company, as it will be when com- 
pleted (described in a former paper of this series), 
the mill illustrated in ground plan by Fig. 7, page 
316, is the best in the United States. The main build- 
ing is 380 ft. long by 100 ft. wide by 25 ft. clear height, 
and there are various wings, asshown. The building 
consists of a series of wrought-iron columns 20 ft. 
apart, carrying wrought-iron roof trusses covered 
with sheetiron, ‘The siding is chiefly sheet iron and 
glass, and the building is thus thoroughly fireproof. 
‘The mill is used for the blooming of large ingots, and 








a sheet-iron cooling tube leading overhead to the brick 
gas flue (U, Fig. 7), and seven Siemens’ furnaces, 
each 8 ft. wide by 20 ft. long, on the bed, There are 
two chimneys, each 6, ft, clear diameter, and 98 ft, 
high. The three ingot furnaces, Nos. 2, 3, and 4 


(Fig. 7), have hydraulic charging and drawing- 


machinery, which is illustrated in principle, although 
not quite in the detail employed here, by Figs. 9, 10, 
and 1], subjoined, The ingots (14-in. 3-rail or 4-rail 
ingots) are placed in the converting works, while hot 
out of the moulds, in their respective seats on a car 
(Fig. 9), ready for charging into the furnaces, A 
locomotive (30 in. gauge) draws the car with a whole 
Bessemer ‘“‘ heat” of ingots from the converting 
works to the front of the heating furnace (Fig. 9). 
The car is so constructed that a long peel (see Figs. 9 
and 11) can be thrust under the ingot by hand. By 
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for the rolling of blooms into single and double 
length rails, and into billets, and all that heavy mer- 
chant bar for which a 23-in. train is adapted. 

The rail and merchant bar departments, although 
employing the same driving and finishing machinery, 
are independent. The three stands of rolls next 
the engine in the train F (Figs. 7 and 8, pages 316 
and 317) are rail rolls; the other two stands are for 
billets, bars, &c., and may be changed while the rail 
rolls arerunning. A complete train and accessories 
adapted to rolling merchant steel alone, would not 
get work enough to pay, in the present state of the 
steel trade. But by so attaching merchant rolls toa 
rail plant, they may at any time make use of the 
whole plant to roll and finish a small order, without 
delaying the rail plant except during the time 
actually required to roll the order. This arrange- 
ment, as carried out in this mill, makes it possible to 
produce billets and merchant steel at a cheap and 
yet remunerative rate. 

The heating furnace plant comprises 20 gas pro- 
ducers in five blocks (see Fig. 1 on page 296 anée) ; 





| 


passing the chain, shown, around the stationary 
sheave and hooking it upon the end of the peel, and 
then giving water to the hydraulic cylinder, the chain 
drives the peel and the ingot riding upon it into 
the furnace door. The workman then tips off the 
ingot by means of the handles, withdraws the peel 
and slides it under another ingot, which the car 
brings in front of the door into which it is to be 
charged, There is a fixed sheave in front of each 
furnace door. In the Edgar Thomson plant the 
hydraulic cylinders lie under the frames which hold 
the sheaves. Ingots are withdrawn upon the bogie 
which ts kes them to the blooming train by slipping 
over them the yoke, Fig. 9, to which the chain is 
then attached. This is a very cheap and simple 
charging and drawing apparatus, and is more largely 
employed than any other in the various American 
works. It has also this advantage, that the ingot is 
laid on the car ready for charging while in the con- 
verting works, and is not — lifted. 

After heating in one of the furnaces, No. 1, 2, or 
3, the ingotsare bloomed in the 3] }-in,3-high train C, 





Figs. 7 and 8, pages 316 and 317, The train is 
driven by a horizontal engine of 36 in. cylinder by 
4 ft. stroke, non-condensing, with a 25-ft. 45-ton 
wheel, This type of engine, also the rail train 
engine, is illustrated by the engravings on page 70, 
vol, xix., of ENGINEERING. 

This type of blooming train will be illustrated in 
another of this series of articles, It has feeding 
rollers driven by an independent engine, and 
hydraulic cylinders for raising the feeding tables, 
turning the ingots over, and moving the middle roll 
in order to vary the size of the passes as required. 
A “telegraph ” leads to the 3-ton hammer D, and 
and another to the shears O. The blooms are 
placed on bogies by a hydraulic crane, and are 
taken to the repeating furnaces (5, 6, 7,) befor’ 

ing to the rail train. Merchant and other 
looms that require careful hot-chipping, are taken 
to the hammer to be cut Mf and chipped. Other 
blooms, and usually all rail blooms, are cut up by 
the hot shears, 

The rail train consists of three stands of three-high 
23-in. rolls, to which are "a billet and merchant 
rolls as before explained, It is driven by a 46-in. 
cylinder by 4-ft. stroke engine, with a 50-ton fly- 
wheel. Two sets of carrying rollers C, Fig. 8, 
driven by a saw engine (by means of reversing 
friction gor en Ay on the rolled piece from both 
these sets of rolls to the saw carriage H. Either 
one or both saws may be used, depending on the 
kind and length of the product, Carrying rollers, 
driven by reversing friction clutches from the saw 
engine then take the rolled piece to either of the 
curving machines and hot beds K K. The place of 
the usual hot-straightening plate is occupied by the 
long carrying rollersI I. Lying upon these rollers the 
rail is pressed by hydraulic fingers against stops 
which are so arranged as to give the rail such a 
curvature that it will be nearly straight when it is 
cold. Then, by fingers on the endless chains W W, 
it is moved out upon either hot bed, One man and 
a boy, by means of levers, operate all this moving 
and curving machinery, and also the saws. The 
rails, instead of being twisted and bent into short 
curves, as they are by hand “straightening” and 
curving, are carried without crooking by the rollers, 
and are pressed with uniformity and precision against 
the bending stops, and carried without distortion to 
the hot bed, As a result, they cool almost perfectly 
straight, and are not injured by the gags in cold 
straightening. This latter process is very light and 
inexpensive, as compared with the cold —_ tenin, 
of rails that have been bent and twisted by han 
operations, which cannot, of course, be precise and 
uniform. This hot curving apparatus is the inven- 
tion of Captain W. R. Jones, the general superin- 
tendent of the works, and it is valuable in two 
directions—it is economical, and it prevents injuring 
the veep excessive cold straightening. 

The rails are passed from the outer ends of the 
hot beds to the cold straightening presses L L, thence 
to the cold beds M M, thence to the drilling machines 
P P, and, if necessary, through the slotting machines 
R, and thence out of the mill to the rail yard. These 
machines are driven by an 18-in, by 24-in. engine 8, 
Fig. 7. Rails that are not of exact length are made 
so by the cold saws NN, driven by the 11]-in. by 
20-in. engines OO. When double-length rails are 
rolled the piece is sawn in the middle only by the 
hot saw, and the two fag ends are sawn to exact 
length by the cold saw. 


CANADIAN RAILWAYS.—No. III. 
THE INTERCOLONIAL Rattway, 

In the darkest hour that the North American 
colonies ever experienced, and when the long and 
sanguinary struggle between England and France 
for the ascendancy on this continent appeared to 
be the most discouraging for the former, a bold 
suggestion was made to the French monarch to 
bring the wavering war to a close by one vast 
formidable expedition, which by sheer strength 
should extinguish all the hostile possessions, and 
sweep the British tlag from every vessel and strong- 
eat Virginia and Newfoundland, Louis- 
bourg, the old French capital, then in the hands of 
the English, was to be reoccupied, Nova Scotia 
and her quaint old fortress of Annapolis was to be 
reduced, Boston was to be destroyed, and co- 
operating with a land attack from the French 
settlements of Quebec and Montreal, the rest of 
New England was to fall an ~T prey to the com- 
bined expeditions to be organised against it. This 
fleet, sup to be invincible, which sailed from 
Brest in May, 1746, and consisted of seventy vessels, 
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eleven of which were sail of the line, and twenty 
frigates, like another Armada, was destined to be 
defeated more by the power of the winds and waves, 
than by any hostile force that could be + ee to 
it. It encountered most terrible weather, the 
vessels were damaged and dispersed, many were 
lost, some returned to France, one was so injured 
that it had to be burnt, two others foundered. 
The expedition was a failure, and when on the 
Qnd of September, after ninety days’ buffetting on 
the water, Admiral D’Anville arrived in Chebucto 
Harbour, it was with a broken heart to die there 
four days afterwards. The vice-admiral, with three 
shattered barques, took refuge in the same haven 
a couple of days later, but only in utter 
despair to commit suicide ; 1270 men had died on 
the passage, 1130 more succumbed after their 
arrival, and the hospital hastily erected for the 
accommodation of the sick and dying, was the first 
building on the peninsula where Halifax now stands. 
This incident, the central locality of its spacious 
harbour, and the unrivalled advantages it presented 
for the prosecution of the cod-fishery, attracted 
attention to Chebucto as an important military 
and commercial position. The English Govern- 
ment authorised the Board of Trade and Planta- 
tions, over which the Earl of Halifax then pre- 
sided, to organise an expedition to colonise it, and 
shortly afterwards thirteen transports left the 
British shores, convoyed by the sloop-of-war, 
Sphinx, which on the 2nd of July, 1749, arrived 
in Chebucto Bay to found the new city, which 
was named in honour of the President of the 
Board to which it owed its origin, and who 
rsonally bestowed much time and attention to 
its infant requirements. Its settlement proceeded 
rapidly, its commanding — secured immunity 
from the French, though not always from the 
Indians, and in six years Great Britain expended 
415,584/. to make it her principal naval and 
military station on the American continent, which 
proud position has since then been maintained. 

We need not trace its subsequent eventful history, 
but since the Britannia, the pioneer of the Cunard 
line, the first regular Transatlantic steamship com- 
pany, named after the Nova Scotian who projected 
the enterprise, sailed into the harbour on the 17th of 
July, 1840, Halifax has been the recognised postal 
entrepdt between Great Britain and her Trans- 
atlantic possessions, and it is at this day the 
accepted winter port of all Canada, the fitting 
terminus of the Intercolonial Railway. At a dis- 
tance of 2400 miles from Liverpool, 2100 from 
Ireland, Halifax is the nearest good harbour on the 
American continent to any part of Europe that is 
not more or less blocked with ice in the winter 
season, Steamers have frequently run the distance 
from this port to Ireland in seven days, and more 
than ten years since a clergyman of this city, a 
passenger by the China, attended the morning 
service of his church in Cork, and preached the fol- 
lowing Sunday in his own church in Halifax. It is 
600 miles nearer to England than New York, 380 
miles nearer than Boston, 360 miles less than Port- 
land, and it lacks no one feature of advantage con- 
trasted with any of these. Within a hundred miles 
of a coalfield, the full extent of which is not known, 
but with at least one seam of the enormous thick- 
ness of 38 ft., with deposits of iron equal in quality 
and probably in quantity to the hematite veins of 
Cumberland, within even a less distance of rich 
workings of gold, which in a dozen different localities 
are wal repaying the explorers who have developed 
them, and backed by an agricultural and horticultural 
district, whose produce has long taken a high place 
in the markets of the United States, and is begin- 
ning to be appreciatively understood in: Liverpool 
and London, this projecting wharf on the Atlantic 
has unrivalled claims to command the traffic of the 
great world behind it, while the portion of its 
ample harbour at present utilised bears the same 

roportion to the available water fro atege, that the 
inhabited part of the Canada of to-day does to the 
limitless prairies that await the settlement of the 
future. On the lst of July, 1876, the ninth anni- 
versary of the birthday of the Dominion, the Inter- 
colonial Railway, opened throughout its entire 
length, for the first time made this Nova Svotian 
wharf available to the trade and travel of Canada ; 
the following December the Canadian mails were 
exclusively despatched to England by the new route, 
and the past winter it was expected would develop 


its capability of carrying the imports and exports of 
North-Western America to and from the markets of 
Europe. 


The Intercolonial has now completely absorbed the 
earlier railways built by the Governments of New 


confederation were transferred to the Dominion. It 
includes one short railway built by a company to 
connect these old roads, which at that date was 
under construction, and to complete the system 80 
miles of new road were required in Nova Scotia from 
Truro to the boundary of New Brunswick where it 
joined the company’s line referred to, and 374 miles 
from Moncton on the New Brunswick Railway to 
the terminus of the Grand Trunk system at River 
du Loup, 120 miles east of Quebec. Practically it con- 
tinues and completes the present Canadian system of 
railways from the old Grand Trunk terminus bya 
somewhat circuitous route to the central station at 
Moncton, from whence the traffic divefges south- 
west to St. John, New Brunswick, and south-east to 
Halifax. 

In the province of Nova Scotia the construction 
of railways was authorised by an Act passed in March, 
1854, and six per cent. provincial bonds were to be 
issued to provide the necessary funds. The works 
were commenced June 13th, 1854; in February, 
1855, the first four miles from Halifax were opened, 
and in July a further four miles completed the line to 
the head of the harbour. In January, 1857, and 
February, 1858, further openings in extension of 
this of 144 and 9 miles respectively took place, 
making 31} miles complete from Halifax. On the 
last day of 1857 alocomotive passed over the Windsor 
branch, which diverging from the main line 13 miles 
from Halifax, passes over arocky forbidding country 
32 miles to Windsor, on the Bay of Fundy, there to 
open up the rich agricultural valleys of the Avon 
and Cornwallis, but the line was not regularly 
opened for traffic till the 3rd of June, 1858, and on 
the 15th of December of the same year the main 
line to Truro, 61 miles from Halifax, was also com- 
plete, making 93 miles in operation. A lengthened 
pause in construction then took place, but in 1864 
the extension from Truro to Pictou on the Gulf of 
St. Lawrence was commenced, 2] miles were opened 
on the last day of 1866, and on May 81 of the next 
year, the remaining 30 miles were opened for traflic, 
making 144 miles of railway constructed by the 
Nova Scotia Government, which a month later was 
transferred to the Dominion on the confederation of 
the provinces. The Pictou line, however, forms no 

art of the main line of the Intercolonial, which, like 
it, joins the Halifax line at Truro, the other being 
now known as the Pictou Branch, opening up the 
great Pictou coalfield, forming with a short steamer 
run of 50 miles to Charlottetown, the summer route 
to Prince Edward's Island, and connecting with 
steamers to all parts of the Gulf of St. Lawrence, 
Quebec, Montreal, the Island of Cape Breton, and 
Newfoundland. When the accounts of Nova Scotia 
were made up twelve months after confederation, 
the cost of this 144 miles of railway to the 30th of 
July, 1868, had been 6,699,647 dols., or 46,525 dols, 
per mile, which now forms part of the general debt 
of Canada, 

New Brunswick, after the failure of the Grand 
Trunk contractors to complete her railway, 
purchased in 1856 the work that had been par- 
tially finished by them, and commenced on her 
own credit, as in the case of Nova Scotia, the con- 
struction of the railway, and the issue of provincial 
bonds to pay for it. In August, 1857, the piece 
between Shediac on the Gulf of St. Lawrence and 
Moncton, 19 miles, was opened ; June 1, 1858, the 
first 9 miles out of St. John were finished; and 
August 1, 1860, after one or two intermediate ex- 
tensions, the whole 108 miles between St. John and 
Shediac were ready for traffic; Of this, 89 miles 
from St. John to Moncton now form the St. John 
division ; the next 8 miles to Painsec Junction are 
part of the main line to Halifax, and the remaining 
11 miles form the Shediac Branch. The total cost to 
the 30th of June, 1868, had been 4,644,903 dols., or 
43,009 dols. per mile. This line is a goodsubstantial 
road, with stone structures and iron bridges 
throughout, and was a much better finished work 
than the Nova Scotia Railway, but the prices they 
cost, 9200/. and 8600/. per mile respectively finished 
and equipped, is rather a high average for the 
American side of the Atlantic. 

In August, 1865, a contract was entered into 
between the Government of New Brunswick and 
Nova Scotia on the one hand and the International 
Contract Company of London on the other for the 
construction of a railway from Truro to Moncton, 
connecting these two provincial undertakings. In 





view of the then imminent confederation, Nova 


Brunswick and Nova Scotia, which at the date of | finished by Messrs. Clar 


Scotia withdrew from her share in this bargain, but 
the New Brunswick portion was subsequently 

and Punchard, of London, 
to whom the International Contract Company 
assigned their bargain. This piece from Painsec 
Junction, 97 miles from St. John to the Nova Scotia 
frontier, is the only part of the Intercolonial that has 
not been constructed under the direct control of an 
engineer responsible only to the Government, It 
has the demerit also of being the worst piece of road 
on the whole 700 miles, and the only important 
bridge, an iron structure of three spans, over the 
Tantarmar river, had to be rebuilt as soon as it 
came into the hands of the Government. Built by 
the mile, as contractors’ roads generally are, it is 
37} miles long instead of 273 miles, asthe survey of 
a better line with lower summits and easier gradients 
demonstrated, and when the line was half graded 
it was seriously proposed as the better course for 
the Government to pay for the work already done, 
and abandon the route altogether. The location is 
so ridiculously crooked that 13 out of the 17 miles 
are on curves of generally about a quarter of a mile 
radius, In one place one of these sharp curves 
sweeps round a semicircle, and is immediately 
followed by another of the same radius in the oppo- 
site direction, subtending an are of 135 deg. The 
line was opened December 29, 1870, was bought by 
the Intercolonial Commissioners, a dear bargain for 
them, for 894,000 dols. or 24,000 dols. per mile, and 
now forms part of the main line from Halifax to St. 
John and Quebec. This made 145 miles contributed 
by New Brunswick and 144 miles by Nova Scotia 
to the Intercolonial system. 

In 1842 the unfortunate Ashburton Treaty, which 
settled the boundary between the province of New 
Brunswick and the State of Maine was signed, and a 
valuable tract of land believed to belong to British 
America was ceded to the State of Maine, interpos- 
ing a wedge of foreign territory in the way of any 
direct road between the western and maritime pro- 
vinces of Canada, and rendering any line on British 
soil necessarily circuitous, The bulk of English- 
men of that day cared little for a mistake that 
forfeited 5000 square miles of excellent land, the 
size of one of the smaller states of the Union, 
peopled by a = and energetic race who had 
settled as they thought on British territory, and 
which for all time has lengthened the through com- 
munication with England by nearly 200 miles of 
unnecessary railway ; but few Canadians can read 
that chapter of the history of their country without 
a blush at the cavalier way in which her rights were 
ignored, and her best interests thoughtlessly neg- 
lected. The settlement of that question, in which 
everything, even honour, was sacrificed for a peaceful 
solution of the difficulty, actually led to the very 
disturbances that it was designed to prevent, and 
the construction of a military railway or road was 
deemed more than ever necessary, as the route 
formerly used was actually within in some places 
the new frontier. This led to a series of surveys in 
different directions through the country, and the 
construction of a road from Moncton to the St. 
Lawrence, which has long since been so completely 
grown up that it is doubtful now if it could be 
traced; but the most important result was an elabo- 
rate survey which Major Robinson in charge of the 
exploration reported upon in 1848, and the route 
of this survey has been substantially followed by 
the Intercolonial as now constructed. 

For more than ten years before this the subject 
of a military railway had been constantly brought 
before the British Legislature, not only by the pro- 
vinces themselves but by the more convincing logic 
of passing events.’ The Canadian rebellion in 1837 had 
cost 5,000,000/. to put down, and had New Brunswick 
sympathised with the disaffected, Canada would long 
since have ceased to bea part of the empire. In 1844 
the ‘‘ Arestook War,” as the Bluenoses called it, which 
originated out of the boundary settlement, cost 
double what it need to have done, for want of 
racticable intercommunication, and in 1861, the 

eaking out of the American civil war dangerously 
exposed Upper Canada, at the very time that she 
was isolated by the annual embargo laid by the 
winter upon her navigation. A deputation from all 
the provinces was sent to London early in 1862, 
and whilst the delegates were representing to the 
Government the precarious ition of the North 
American dependencies, the affair happened 
on the high seas, and threatened in the face of a 
winter to embroil England and America ina new and 
dangerous war, in which Canada would have been 





entirely at the mercy of an enemy that almost sur- 
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rounded the best part of her territory. This incident, 
although fortunately it soon blew over, gave afresh 
impulse to the negotiations. Canada has now got 
a considerable stretch of railway; the 400 miles at 
furthest between Moncton in New Brunswick and 
the River du Loup was all that was essentially ne- 
cessary for military purposes; and to secure this in 
1863 the Home Government agreed to guarantee the 
estimated cost of three millions, provided proper sur- 
veys established the fact that this sum was sufficient. 
Mr. Sandford —— was appointed to this duty, 
and during the next three years exhaustive surveys 
were made through New Brunswick, between the 
terminus of the Grand Trunk and Truro on the 
Nova Scotia Railway. Fifteen different lines were 
run varying from 434 to 554 miles in length, 
but whilst these surveys were in progress important 
political changes were taking place, and confedera- 
tion intervened to put a new aspect upon the whole 
question, On the 29th of March, 1867, the British 
North American Act received the royal assent, 
creating the Dominion of Canada, and one of its 
specific clauses was that the Intercolonial Railway 
should be commenced within six months and com- 

leted within four years. To assist the United 

rovinces to carry out this there was passed on the 
12th of April, an Act guaranteeing a loan of 
3,000,000/. to be raised by Canada, with the proviso 
that another 1,000,000/. should be secured without 
the imperial guarantee, and under this arrangement 
the funds to construct the line were provided, and in 
a short time afterwards the works were commenced. 
For a variety of reasons, however, the progress made 
with the works was not very rapid, and the four 
years elapsed before any portion was complete. Oa 
the 9th of November, 1872, the 80 miles that in- 
tervened between Truro and the New Brunswick 
frontier were opened for traffic, connecting the old 
systems of the two lower provinces, and completing 
the communication between Halifax and St. John. 
Two years afterwards 84 miles to St. Flavie were 
opened in extension of the Grand Trunk, and twelve 
months later, November 8, 1875, an important 
section, 185 miles, was opened from Moncton, 
the great central station on the old lines to Camp- 
bellton on the Baie Chaleur, Finally, on the 1st of 
July, 1876, the intervening portion, 106 miles, be- 
tween St. Flavie and Campbellton was brought 
into operation, exactly five years after the time ori- 
ginally fixed by the North American Act. 

From Halifax to the Grand Trunk terminus at the 
River du Loup is 561 miles, and the St. John section 
to Moncton is 89; the older portions of the provincial 
lines, not included in the. main lines, to Windsor 
32 miles, to Pictou 51, and to Shediac 11, with 
branches to Rimouski 2 miles, to where the steamers 
in summer land and embark the mails to the 
Miramichi river 2 miles, at Stewrack 1 mile, and to 
the ballast wharf at St. John 1 mile, make the total 
length of the Intercolonial 750 miles. It is in con- 
templation to acquire the River du Loup branch 
of the Grand Trunk, with right of way to Quebec, 
so as to complete the communication between the 
two provincial capitals, and to improve the section 
taken over from the Grand Trunk to bring it to an 
equality with the other portions of the Government 
railway. This will bring up the total mileage to 
875 miles. 

The Intercolonial Railway, whose history has thus 
been hastily sketched, is now politically, and pro- 
bably will be commercially, the most important line 
in Canada. As the property of the Government, 
its paying ability is not the only important 
desideratum ; like the Post Office, its object is not 
purely for the revenue to be derived from it, but if 
its financial results are no worse for the future than 
in the experience of the past, there is not much to 
find fault with on this head, So far the loss in its 
working has not been very serious; in the fiscal 
years of 1875 and 1876 the receipts and expenses 
were nearly balanced. In the year just passed the 
loss, we are told, will be something considerable, 
but not more than might be expected from the first 
year of its complete working, the maintenance of a 
full staff ona partially employed railway, and the 
extra precautions deemed necessary in its first ex- 
perimental winter to insure a victory over the powers 
of nature, and to work a road more beyond all com- 
ae exposed to severe climatic influences, than 

ave hitherto been contended with on any winter 
worked railway. On no section between Halifax 
and the Pacific is the snow so deep, the winter so 
severe, the storms so terrible, as on the Gaspé pe- 
ninsula traversed by the Intercolonial between the 
Baie Chaleur and the estuary of the St. Lawrence. 


The dog teams which preceded the locomotive 
through the Metapedia Valley were the necessary 
and only means of transit for the mails, and even 
these suffered not unfrequently privations and 
dangers not dissimilar from those of the winter 

acket of Canada’s north-west territories, which in 
its long annual journey of 3000 miles from Fort 
Garry to the Upper Yukou occupies 100 days of 
frost and snow and utter desolation. During this 
first winter of 1876-77 the safe, speedy, and reliable 
working of the Intercolonial Railway was to Canada 
of national importance, and the fact that the mails 
averaged under 18 hours on their passage from Ha- 
lifax to the River du Loup, 561 miles, proves how 
complete were the arrangements, and how thoroughly 
each difficulty was foreseen, warded off, or van- 

uished. At whatever time the steamer arrived at her 
} mn the special was waiting for her mails at the 
station, and then through the long dark nights, and 
not unfrequently the equally dark days, with the 
storm fiend howling his worst, onward rushed the 
panting, shrieking engine, through, over, and under 
snow drifts, the places where it was necessary to take 
water or change engines being often felt rather 
than seen, and the well-protected engine and tender 
so thickly covered with the accumulated snow drift, 
that but for the lampsin his little cab, it was equally 
dark for the driver day or night. The fact that all 
this was regularly and safely overcome speaks 
volumes for the energy, skill, and excellence of the 
management, and Canada at least has no reason to 
find fault with the little extra expense with which 
all this was accomplished, This first winter, 10 miles 
of snow sheds, and nearly 30 miles of snow fencing 

rotected the known worst omy along the road, 
This year the length of both has been considerably 
increased, and with a fuil equipment of snow- 
ploughs, scrapers, and apparatus to mechanically 
clean out the flange spaces, it is believed that no 
ordinary snow can seriously retard, or for any length 
of time block up the road. 

The whole cost of the Intercolonial to November 
30, 1876, was 35,661,069 dols., in round numbers 
seven millions sterling. There remains yet the ex- 

ense of the extension line and new station at 

alifax, opened on the 9th of August last, and some 
works to connect the railway with the wharves in 
St. John not yet completed, It is to be hoped, too, 
that the coming session will settle some scheme for 
the transfer of the River du Loup branch of the 
Grand Trunk to the Intercolonial, and that this will 
be an absolute sale and not a lease. There is a 
heavy expenditure to make on this 121 miles before 
itis equal to the rest of the road ; the rails are old, 
the ballasting defective, andit requires entirely relay- 
ing with heavy steel rails. The snow-storms are 
very heavy along this whole section, and as yet there 
are neither snow-sheds nor fences, which in some of 
the cuttings are necessary. The branch forms no 
essential part of the Grand Trunk system, has 
always been unproductive to the English company, 
and for some years they even paid a contractor an 
annual sum to operate it, in addition to his retainin 
all the receipts. It was a mistake for the Gran 
Trunk to make it in the first instance, and it will be 
a still greater mistake if the present pie 5 to 
sell it to the Government is now and for ever lost, 
The whole country along the St. Lawrence valley is 
so easy for the construction of a railway, that a 
parallel line is by no.means impossible, and the 
present road is so run down and worn out, that the 
difference between a reconstruction of the present 
and an entirely new line is not very much, and a 
line a couple of miles nearer to the shore would be 
a vast improvement to the new watering-places 
springing up along the river bank, and would save 
eight miles in the total distance to Quebec. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 

WE now complete our report of the recent meet- 
ing of the Institution of Naval Architects, the earlier 
part of which we dealt with on page 304 of our last 
number. Mr. Martell’s paper, the discussion on 
which we reported last week,* was followed by two 
papers of more than usual interest to marine engi- 
neers, which were discussed together. Of these 
the first was by Mr. W. H. White, on ‘‘ The Com- 
parative Efficiency of Single and Twin-Screw Pro- 
pellers in Deep-Draught Ships,” and the second by 
Mr. W. Froude on “The Elementary Relations 


* In this discussion we inadvertently set down to Mr- 








Wright a few remarks which were ly by Mr. 
Morgan. 


between Pitch, Slip, and Propulsive Efficiency.” 
The former we print in full on another page, the latter 
unfortunately was not in type in time for the meet- 
ing. It was the first part of an investigation into 
the relation between the three quantities named, 
and went to show that in order to attain a maximum 
efficiency (ratio of useful to total work) in any given 
case, both pitch and slip should have certain de- 
terminate magnitudes. The author had as yet 
limited his investigation to a unit area of blade, and 
to the case of a screw working in still water. Its 
extension to the whole blade he thought possible 
enough, but the extension to disturbed water (the 
ship’s wake) “ogee pee great difficulties. These, how- 
ever, would be of much less importance in the case 
of twin screws than of single screws, and in any 
case the theory of the matter for still water must 
be worked out and understood before it could be 
extended to disturbed water. 

Mr. Scott Russell thought Mr. White’s pa 
of the greatest practical importance, and quite 
agreed with its conclusions. He wished to point 
out, however, that in all screw steamers the greatest 
care should be taken in choosing the proper position 
for the propeller in relation to the wave of replace- 
ment for the intended speed of the vessel. The 
want of success which had in some cases attended 
twin screws had —— been due to an error in 
their position. r. E. J. Reed expressed the 
opinion, without attaching blame to any one, that 
the Iris was a failure as regards the proportion 
between her speed and her power. The alteration 
of her propellers appeared, however, to have greatly 
improved matters. He agreed with Mr. White that 
the risk of damage constituted the chief practical ob- 
jection to the use of twin screws. Two single-screw 
ironclads which he had recently sent to Jai 
passed the Suez Canal in safety, but the third, a 
twin screw, got her propellers considerably damaged. 
He pointed out, in reference to Mr. Scott Russell’s 
remarks; that it was a difficult thing to say what was 
the ‘intended speed” of an iron hould the 
position of the propeller be determined by the 
measured mile speed or by the comparatively slow 
speed at which she would be usually travelling? He 
regretted very much that so little was now made 
public of the results of the Admiralty trials. Of late 
_— the old arrangements in this respect seemed to 

ve been very much changed. Sir Spencer Robin- 
son rose to corroborate this. Prior to 1862, he said, 
the results of the trials had been tabulated most 
minutely, and printed in full, but since that date no 
such information had been accessible to - ship- 
builders. The result of this reticence was that 
people were suggesting as a reason for it the 
necessity of concealing failures. He himself thought 
such a charge quite unfounded, but at the same 
time considered that the results of the trials ought 
to be published, Mr. Wright said that an order 
had existed for some years unrevoked that the 
results of the Admiralty trials should be con- 
sidered confidential, but he had little doubt that 
the Admiralty would consent to their py a oon 
if proper yee were made. As to the Iris, her 
so-called failure was in no way due to the ship or 
engines, but solely to her Fy ee pre had been 
much over-screwed. On the general aspect of the 

uestion he agreed with Mr. White. . Merri- 

eld also agreed generally with Mr. White, but 
pointed out that although merchant vessels are 
narrower than those in the Navy, they are often 

roportionately much deeper, the ratio of draught to 
freadth being often 3:5 as against 2:5 in the 
Navy. This difference would affect the relative per- 
formances of single and twin screws. Mr, Denny 
spoke strongly in favour of the publication of the 
Admiralty trials. He thought Mr. Reed had over- 
rated the danger of damage to twin screws; all 
vessels had not to pass through the Suez Canal. 
Mr, Thornycroft agreed with Mr, Wright as to the 
causes of the Iris’s want of speed. He specially 
wished, however, to acknowledge the value of Mr. 
Froude’s paper. The author really made a start 
in showing how a screw ought to be designed, and 
his investigation gave some promise that presently 
we might be able to put at once into a vessel the 
screw proper for her. At present we were really 
working in the dark, as the Iris’s trials pope | 
showed, After a few remarks from Mr. Ravenhill, 
urging that private builders of single and twin- 
screw vessels might “saay! add to our stock of 
knowledge on the subject by the publication of 
their results, Mr. White briefly replied. Mr. Froude 
was not present. 


one 





The paper following was one by Dr. Woolley, 
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anything whatever about his subject proper, which 
he had used merely as a peg on which to hang 
strictures upon the Registry Societies! A somewhat 
desultory discussion ensued, in which Mr. Rundell 
appeared to argue that the lower a ship was in the 
water the less she need be strained, but the diagram 
by which he illustrated this did not senor to afford 
any comparison of one ship under different loads, 
but rather of four or five ships with different 
immersions and the same freeboard. Mr. John 
jocularly complained of the big superstructures 
that had been built by several gentlemen upon a 
certain formula of his which he had expressly given 
as merely a convenient approximate expression for 
certain cases. It was surely better for a ship to 
have excess of buoyancy than to be so loaded “ to 
reduce strain” that the waves would break over her! 

Mr. H. H. West then read a paper on“ The 
Application of the Decimal System of Measurement 
In practical Shipbuilding.” ‘The author enlarged 
upon the great inconveniences which result from the 
use of a sixteenth of an inch as our smallest sub- 
division of thickness, showing that even this smallest 
alteration corresponded to a charge of about 14s. per 
registered ton on a steamer of 1000 tons. ro 
ae this evil, and make intermediate thicknesses 
possible—these being particularly required now in 








the case of steel—he proposed simply to subdivide 
he inch decimally and express thicknesses as decimal 
fractions of an inch. The author gave tables, &c., 
illustrating the working of the plan ; his paper was 
not followed by any discussion. 

The last paper read on ‘Thursday evening was a 
detailed description of the Nicolaieff floating dock by 
Captain Goulaeff, of the Imperial Russian Navy. 
We have already described the construction of this 
structure,* all the parts of which are now launched, 
completed, and tested at Nicolaieff. It was con- 
structed, as our readers may remember, by Messrs. 
Clark and Stanfield, and is designed for docking 
vessels of most varying sizes and shapes, including 
the circular Popoffkas. It is also so divided that 
one part may dock the other when repairs to it are 
necessary, and is arranged to be a depositing dock 
in cases where it is possible to put the vessel it has 
lifted on to a gridiron. The meeting on Frida 
began with a very interesting paper (which we shall 
print in extenso) by Mr. John, on ** The Royal Naval 
College and the Mercantile Marine,” which formed 
a kind of pendant to the paper on the College 
which was read by Mr. White at Glasgow and to 
which we directed attention at the time. Dr. 
Woolley could only confirm the statements 


* See ENGINEERING, vol, xxi., p. 312, 
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made as to the great difficulty of attracting private 
students to the school at Kensington ; in spite of all 
the inducements offered they only been able to 
award two free scholarships during the whole time 
the school had been in existence. Mr, Liggins 
thought that, as suggested by Mr. John, the length 
of the Greenwich course (three years) was its weak 
point, and Mr. Martell confirmed this, He added, 
also, that another objection was no doubt to 
be found in the fact that the students at the 
Royal Naval College spent most of their time over 
intricate calculations connected chiefly with ships 
of war, the use of which in the mercantile marine 
many men failed to see, Mr. White said that the 
question of arranging at Greenwich a shorter and 
more easy course than the present one had been 
Li! J carefully considered, but it was found that 
without an increase of staff it was impossible. 
Ought the college to make this increcse? He 
would ask in reply, Has any demand arisen for the 
instruction? Can they be expected to change their 
arrangement to suit people who have not really 
expressed the least wish to be suited? As to 
admission to private yards, it was hardly for the 
college to ask, Would not the shipbuilders offer 
access? During the existence of the school at South 
Kensington no such offers—for more at least than a 
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day's “‘ outing”—had ever been made. In reference 
to the high standard which they aimed at, he pointed 
out that their object was not the training of mere 
draughtsmen. It appeared already that such 
elementary training existed in various places through- 
out the country. Draughtsmen and others employed 
in private yards took medals, &c., at;the Science and 
Art Department's examination in naval architecture 
against young men trained in the dockyards, He 
considered that men who had been through the 
college course should not be looked on as men after- 
wards to be employed in ordinary shipyard routine 
work. He said that in future there would be a pro- 
fessional as well as a theoretical entrance examina- 
tion at Greenwich for private students, and that this 
would no doubt make it possible to decrease the 
difficulty of the theoretical ~_ Sir John Hay 
pointed out, as a member of Parliament, that the 
difficulty of want of demand for more teaching 
would inevitably be urged in the House against the 
making of the larger grant for an increased staff. 
Where did the present designers of our merchant 
navy get their scientific training? Sir Spencer 
Robinson thought that a very great difficulty lay in 
the getting of lads with both theoretical and practical 
knowledge sufficient to pass the entrance examina- 
tion at Greenwich. He alluded to the great difficulty 
which he had himself found (as a young commander 
of the Royal Navy) in obtaining access to private 
yards, and the great advantages which he had derived 
from the admission given to him by Messrs. Napier, 
of Glasgow. Mr. Denny said he acknowledged and 
was ashamed of the indifference of merchant ship- 
builders in this matter ; he was sure, however, that 
if they were now given a chance of repentance they 
would do better in future. The work done now in 
many private yards was by no means so elementary 
as had been assumed. In not a few the calculation 
of stresses and of stability, of changes of metacentre, 
&e., were actually made. He did not think the 
present standard set up by the college was in the 
least too high, and thought, moreover, that there 
were many matters which could be taught better 
from the design of ironclads or war vessels than in 
any other way. He alluded also to the value of the 
present naval architecture examinations of the 
Science and Art Department, and hoped that they 
might be gradually raised in standard. They were 
worthy of all encouragement, Mr. Merrifield con- 
sidered that the matter rested now in the hands of 
the private shipbuilders. If they wanted their own 
sort of education they must provide for themselves 
the means of getting it. The Admiralty had pro- 
vided educational appliances such as it believed to 
be best, it could not be expected to go out and 
entreat people to take advantage of them. The 
late School of Naval Architecture was to some extent 
at liberty to do this, but the apathy of the public 
foiled all its efforts, and the school only exists now 
as a branch of a much larger and purely official in- 
stitution—a view which had been also urged by 
Mr. White. The Admiralty cannot adapt itself, 
and can hardly be reasonably expected to adapt 
itself to pupils. He feared that any plan for the 
admission of students—as such—to private ship- 
building yards would touch the apprenticeship 
system, a fear which was corroborated in a few 
words by Mr. Ravenhill. The chairman, at the con- 
clusion of the discussion, read to the meeting a 
memorandum whcih had been placed in his hands by 
Mr. Barnes, to the effect that the Board of Admiralty 
had decided to offer annually a limited number of 
free studentships to private students in naval archi- 
tecture and marine engineering at the Royal Naval 
College at Greenwich, and also a scholarship of 50/. 
perannum. These arrangements are -to come into 
effect next session. Mr. John, in replying, hoped 
it had been distinctly understood that he had no 
wish to lower the standard of training at Greenwich. 
His proposal of a shorter term he had distinctly 
given as a “temporary expedient” only. He hoped 
much that the college might be abie to arrange even 
temporarily to adopt some such scaeme, if only for 
the sake of attracting private students to begin with. 
Once the advantages of the college teaching were 
known by experience there would be no difficulty 
in getting plenty of men ready to take the complete 
higher course, aa if the professional training 
were made suitable to the mercantile marine. 

Mr, John’s paper was followed by one by Mr. 
J. T. Short on ‘“* The Advantage of Greater Breadth 
in Steamers as affecting their Speed, Performance, 
and Commercial Success,” and one by Mr. T. R. 
Uswald on “ A New Principle of Construction for 
Iron Ships.” Mr. Short advocated iustead of a 





breadth of 34 ft. with a depth of 23 ft. 6 in. (as 
often at present) a breadth of 40 ft. and a depth of 
21 ft. 6. in., and went at some detail into the ad- 
vantages to be gained by such an alteration. Mr. 
Oswald’s proposal was to make a vessel entirely of 
broad trough frames or channel irons, the back of 
the channel irons forming the skin, and the flanges, 
rivetted together, the frames. He would use a 
sheer strake and a garboard strake, and longitudinal 
keelsons for stiffening, but no floors or reverse irons. 
In reply to some questions put to him by Mr. Raven- 
hill he seemed to consider that this system of framing 
(it is unnecessary to say that it has not been used in 
practice) was particularly good because it was so 
well adapted to resist compression. He admitted 
that it would be difficult to shape the trough irons 
for the ends of a vessel (his models were only, 
apparently, for portions of straight middle bodies), 
but there, ‘‘ at present,” the common construction 
could be used. r. Merrifield reminded him that a 
neutral axis had two sides, and further, that in a 
ship either of these might be in tension, while for 
tension his joints were simply of no use at all. 
Practically, all the tensile resistance would have to 
be furnished by the added strakes, wales, &c. As 
to cheapness, the author did not seem to have 
considered at all the difficulty of shaping his trough 
irons, which, in fact, might come to be an impossi- 
bility unless a developable surface were used for 
the vessel or the channel irons rolled taper! Mr. 
Scott Russell jokingly suggested to him that he 
should use cas¢ iron for his troughs towards the 
ends of the vessel, and get over the constructive 
difficulty in this way. In reference to Mr. Short’s 
paper he said that almost any form of ship might 
be used if only a good stevedore were employed to 
stow her. All objections to Mr. Short’s ideas 
would disappear in this way. Mr. Martell agreed 
with Mr, Short to a very great extent. Bad results 
had often arisen from increased breadth because of 
the improper treatment of the ships’ lines, which in 
this case ought to be fined so as to carry the same 
load as before on the same draught, and not an 
increased load. With the common imperfect load- 
ing, however, it was quite possible to get too much 
stability with some cargoes in the broadened ship. 

‘The morning’s business concluded with papers 
on yacht construction, by Messrs. John Harvey 
and J. St. Clare Byrne. ‘The evening sitting was 
opened by Mr. Parker (of Lloyd’s Register) with 
the paper on which we commented last week. ‘This 
was followed by a paper “ On the Effect of Depth 
in a Girder to Resist Bending,” by Mr. F. P. Purvis, 
which we shall print in full. The author of this 
paper, which was a very interesting one, was 
much complimented by Mr. John, Mr. Denny, 
and Mr. Kirk, all of whom pointed out that it had 
very important practical applications occurring not 
unfrequently in shipbuilding. In vessels (such as 
shallow-draught river steamers) where there is some 
light superstructure especially, it often becomes a 
question whether this is a source of weakness or 
strength; it may certainly be the former if the 
considerations laid down by the author be not taken 
into account, 

The long discussion on Mr. Parker's paper made 
it necessary to take as read a short note by Mr. T. 
C. Spence on ‘‘ A Definite Ratio of Expansion giving 
a Maximum Value for the Mean Pressure on the 
High-Pressure Piston in any Compound Engine.” 

The programme before the Institution was an ex- 


tensive one, and it was necessary to meet on Saturday | 


also, when business commenced by the reading of a 
note by Mr. White ‘‘On the Geometry of Metacentric 
Diagrams.” This paper we shall print elsewhere. Dr. 
Woolley, who quite endorsed the author’s investiga- 
tions, thought the paper a worthy addition to the 
work of Dupin and later writers on the stability of 
ships. Its practical importance was probably greater 
than that claimed for it by the author. Mr. Scott 
Russell, Mr. John, and Mr. Reed also spoke in the 
same sense, the latter gentleman saying that per- 
haps Mr. White’s method of investigation might 
throw some light on the melancholy loss of the 
Eurydice. In thanking various speakers for their 
estimate of his work, Mr. White said that the 
Eurydice had certainly been inclined, and the facts 
as to her stability were known. The remaining 
papers were not of a kind to require further notice 
at our hands. 

We may add, for the information of our readers, 
that it was decided at this meeting of the Institution 
that for the future an entrance fee of two guineas 
should be charged both to members and asso- 
ciates. 








THE EMBANKMENTS OF THE THAMES. 


At the ing of the Institution of Civil i held 
on Tuesday, the 9th of April, Mr. Bateman, ident, in 
the chair, the paper was on ‘‘ The Embankments of the River 
Thames,” by Mr. Edward Bazalgette, Assoc. Inst., C.E. 


The River Thames was the arterial drain for 5264 square 
miles. Its source im Gloucestershire was 330 ft. above the 
mean level of the sea. It traversed 210 miles, and was 
tidal to Teddington Lock. In dry weather the discharge 
was about 470 million gallons daily. Its waters had been pre- 
vented from overflowing large tracts of land by embank- 
ments formed under various Acts of Parliament. The re- 
moval of Old London, Westminster, and Blackfriars 
Bridges, had enabled the tide to ebb and flow more freely, 
by which the navigable channel had been deepened. The 
width of the river was, however, still very variable. Above 
Southwark Bridge it was 670 ft. wide, and the waterway 
between the piers of that bridge was only 600 ft. At 
Hungerford Bridge, before the formation of the Victoria 
Embankment, the width was 1340 ft., whilst opposite Mill- 
bank it was only 610 ft., increased to nearly double that 
width at Battersea. Mud banks had formed along the 
foreshore, and between Westminster and Blackfriars 
about 27 acres of mud were exposed at low water on the 
north side. 

The first Commissioners for embanking the Thames were 
—a in 1367, Acts for constructing embankments 
and improving the navigation were passed in the reigns of 
Henry VIII. and of Elizabeth. Sir Christopher Wren 
proposed an embankment from the Temple to the Tower, 
after the fire of London in 1666. Sir sderick Trench 
and Mr. Martin suggested similar embankments. In 1840 
Mr. James Walker laid down a line for a northern embank- 
ment for the Corporation of London, to be raised 4 ft. 
above Trinity high water. His line and levels had since 
been adopted. Various Parliamentary commissions and 
committees had considered the subject. In 1862, an Act 
was obtained by the Metropolitan Board of Works for the 
formation of the Victoria Embankment, from Westminster 
to Blackfriars Bridge. In 1863, another Act was passed 
for the construction of the Albert Embankment, from 
Westminster to Vauxhall —. And, lastly, in 1868, 
the Act for the Chelsea Embankment, from Chelsea 
Hospital to Battersea Bridge, was sanctioned. These em- 
bankments comprised about 3} miles of river wall, and had 
reclaimed 52 acres of land. 

The length of the Victoria Embankment was about 
? mile, and the area reclaimed was 37} acres. The roadway 
was 100 ft. wide from Westminster to Blackfriars Bridge, 
and was continued all the way from thence to the Mansion 
House of a width of 70 ft. ‘The cost of the embankment 
had been 1,200,0001., besides 450,000. paid for the pur- 
chase of property. The tides now rose higher than in 
former years. On the 15th of November, 1875, the tide 
was 17 ft. 1 in., and in January, 1877, it was 16 ft. 6 in. 
above datum. This had been attributed to the formation 
of the embankments ; but it was ascertained that the cause 
was chiefly due to the removal of the old bridges and of 
other obstructions. This embankment was formed with a 
sewer and a subway for gas and water pipes in the retaining 
wall. The subway was 7 ft.6in. in height and 9 ft. in 
width, and the sewer varied from 7 ft. 9 in. to 8 ft. 3in. in 
diameter. The batter of the wall was slightly curved, and 
the wall was faced with granite, fine axed, up to high- 
water line, and moulded above that level. ere were 
steamboat piers and landing places at various points. The 
Metropolitan District Railway had been constructed along 
the whole of this embankment, the level of the rails being 
174 ft. below the surface of the roadway, which was sup- 
ported by iron girders. The foundations of the embank- 
ment varied in depth with the nature of the ground, but 
were 324 ft. below Trinity high water. They were formed 
partly behind whole-tide timber dams driven into the clay, 
as previously described by Mr. Ridley (Minutes of Pro- 

ings of the Institution of Civil Engineers, vol. xxxi., 
page 3), and partly beliind wrought-iron caissons, the 
caissons being used in bad ground, and near to the bridges, 
and around the landing piers. The clay was reached at 
about 28 ft. below Ordnance datum, but near Westminster 
Bridge it was 32 ft.deep. The level of the foreshore sloped 
from 6 ft. above to 7 ft. below datum. The foundations were 
carried down to 20 ft. below datum ; they rested mostly on 
the clay, and were formed of Portlandcement concrete up to 
12} ft. below datum, at which level the brickwork com- 
menced. The bottonr portions of the iron caisson coffer- 

were filled with concrete, and left in the ground per- 
manently, and the piles of the wooden cofferdams were cut 
off under water at various levels, in both cases to protect 
the toe of the wall. The upper portions of the caissons 
were in half rings, and were capable of being used several 
times. When bolted together these rings formed an oval 
of 12 ft. 6 in. in length by 7 ft. wide in the centre. The 
rings were 7 ft. 6 in. deep, and were made of } in. and 
} in. wrought-iron plates. The lowest ring of each caisson 
was of cast iron, weighing about 32 cwt., and it had a 
cutting edge at the bottom. The caissons were bolted 
together longitudinally, and strips of felt rendered the joint 
water-tight. These on, like the timber dams, were sup- 
ported by timber shoring from the land side, and the upper 
portions of the dams consisted of half caissons only, by 
which a considerable saving was effected. In each caisson 
there was a sluice, worked from the top, for admitting or 
discharging the tidal waters. The caissons were sunk by 
ighting them, and excavating within them by three 
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cubic yard. By the second, a cylinder was sunk 20 ft. 
in eleven days and a half, and the labour cost 12s. per cubic 
yard. By the third, a cylinder was sunk in less time at a 
cost of 8s. per cubic yard for labour. 

The Albert Embankment was about 4300 ft. long, and 
was similar in elevation to the Victoria Embankment. It 
had, however, neither sewer nor subway behind it. The 
foundations were carried to a depth of 30 ft. below 
Trinity high water, and the wall was formed behind a 
whole-tide timber dam, partly of single piles closely driven 
and caulked. Opposite Millbank the river had been 
widened for a length of 800 ft. from 600 ft. to 720 ft. Good 
foundations for this embankment were more easily reached 
than on the other side. Part of the embankment wall 
was formed of concrete instead of brickwork, and the 
whole was faced with granite. The works cost 309,0001. 

The Chelsea Embankment was commenced in July, 1871, 
and completed in May, 1874. It extended from Battersea 
Bridge to Chelsea Hospital, and was upwards of three 
quarters of a mile in length. The wall was composed of 
Portland cement concrete, faced with hammer-dressed 
granite. It had a sewer from 5 ft. 9in. to 6ft.9in. in 
diameter behind it, conveying the sewage from Hammer- 
smith to the Western Pumping Station. It had reduced 
the width of the river from from 850 ft. to 700 ft., and had 
reclaimed 9} acres of foreshore. The roadway was 70 ft. 
wide, and 5 ft. above Trinity high water. ‘The foundations 
were carried to 10 ft. below Ordnance datum, or 4 ft. under 
low-water spring tides, and they were put in behind a half- 
tidedam. A trench was dredged and concrete blocks were 
bedded upon the ground at be water up to 3ft. 3 in. 
below datum. Above this level the concrete was filled in 
and bonded with the granite facing. The cost of this work, 
including the low-level sewer and roadway, was 134,0001. 
The introduction of concrete in lieu of brickwork had 
effected a saving of about 21,0007. A short length of this 
embankment, opposite Cadogan Pier, settled in conse- 
quence of the removal of some piles, which formed part of 
the old pier, in front of it. The wall had since been 
underpinned from the land side, and its toe protected by 
sheet piling. 








NOTES FROM THE NORTH. 
Guiasaow, Wednesday. 

Glasgow Pig-Iron Market.— The pig-iron warrant 
market showed considerable flatness this day week, and 
— went back 14d. per ton further, being a fall of 3d. 

uring the week. Business opened in the morning at 
50s. 10}d. cash, and the prices fell to 50s. 9}d., the market 
closing with buyers at that price, and sellers at 50s. 10d. 
cash. There was a further decline in the afternoon from 
50s. 94d. to 50s. 9d. cash, and 50s. 11d. to 50s. 104d. one 
month, and the market closed with buyers offering 50s. 9d. 
cash in a few days, and 50s. 10}d. one month, and sellers 
asking id. per ton more. Thursday’s market was also 
very inanimate, and prices further declined 1d. per ton. 
Iron changed hands during the forenoon at 50s, 84d. to 
50s. 73d. cash, and the market closed with buyers at the 
lower figures and at 50s. 9d. one month. During 
afternoon 50s. 74d. and 50s. 8d. cash were paid, and at 
the close of the market there were sellers at 50s. 8d. and 
buyers at 50s. 74d. cash, prices having fallen more during 
the week than for some time past—a reduction of 4d. 
having taken place, thus making a decline of 9d. per ton 
from the 15th of March. There was nomarket on Good Friday 
or Easter Monday, both days being observed as holidays by 
the ironmasters and iron merchants who constitute the 
‘iron ring’? on ’Change.: When the market re-opened 
yesterday, after the holidays, there was again a weak tone. 
The first transaction was done at $d. per ton under Thurs- 
day’s closing prices, and another 4d. was subsequently lost. 
The recorded business of the forenoon was done at 50s. 7}d. 
to 50s. 7d. cash, sellers; closing at the former, and buyers 
at the latter price. In the afternoon 50s. 7d. was the ruling 
price, and the day’s business closed with sellers at that 
price, and buyers near. The market was flat this forenoon, 
when business was done at 50s. 6d. to 50s. 3d., cash; the 
market closing with sellers at the lower quotation, buyers 
near. The afternoon market was quiet; buyers 50s. 14d., 
sellers 50s. 3d., cash. No improvementcan be quoted in the 
demand for pig iron, which seems to become slacker as the 
season advances. There is an utter absence of animation 
in the market, and less disposition than ever to buy, not- 
withstanding the fact that iron is now at such a price as 
ought to tempt investors to purchase. Several brands of 
makers’ iron can now be had at lower rates than were 
asked a week or ten days since, but there is no marked 
alteration in the list prices. ‘he shipments are still showing 
a falling off; those for last week amounted to 9513 tons, 
as against 10,020 tons in the corresponding week of last 
year. A further quantity of pig iron was sent into the 
public warrant stores last week, the total stock with Messrs. 
Connal and Co. up till last Friday night being 171,482 
tons, showing an increase of 600 tons for the week. The 
two blast furnaces mentioned last week as having been 
blown out at Chapelhall Iron Works have again been put in 
operation, thereby bringing up the number in blast to 91, as 
compared with 113 at the same time last year. 


The Late Mr. John Z. Kay.—We notice that the death 
has just been announced of Mr. John Z. Kay, who was for 


about ten years a member of the old-established and eminent | pendi 


firm of Messrs. Thomas Edington and Sons, Phoenix Iron 
Works, Glasgow, whose specialty of manufacture, namely, 
the production of cast-iron pipes for gas and water supply, is 
known in all parts of the civilised world. Originally bred 
as a mechanical engineer in Glasgow, Mr. Kay spent the 
long period of twenty years in Dundee as gas engineer, 
after which he returned to Glasgow, where he was well 
known and much esteemed. He was a leading number of 
the ee of Hammermen, of the Glasgow Trades’ 
House, Mr, Kay’s death oceurred at Genoa on Tuesday 








Kelvin Valley Railway.—This line, which is destined to 
open up an important coalfield within a comparatively 
short di ce of Glasgow, is now very nearly ready for 
ins: wate | the Board of Trade officials. It is — 
to ; oem for passenger traffic towards the end of next 
month. 

Edinburgh and Leith Engineers’ Society.—A meeti 
of this Society was held last night, Mr. Robert C. Reid, 
President, in the chair. A “— was read by Mr. James 
Milne, of the firm of Messrs. Milne and Son, explaining 
the manufacture of coal, oil, and air gas for small supplies, 
such as mansion-houses, &c. 


Institution of Engineeers and Shipbuilders in Scotland. 
—The twenty-first annual vg meeting of this institu- 
tion was held last night, Mr. R. Bruce » C.E., Presi- 
dent, in the chair. Mr. Robert H. Moore, mechanical 
engineer, Glasgow, was elected a member. The council 
reported that t: | had resolved not to recommend the in- 
stitution to aw any medals on account of the papers 
read during the session 1876-77. The treasurer’s state- 
ment for the past year was submitted and approved of, and 
the meeting then proceeded to elect the office-bearers for 
the session 1878-79. Mr. Robert Mansel was elected 
President, and Messrs. R. Bruce Bell and Mr. A. C. Kirk 
were elected vice-presidents. The vacancies in the council 
were filled by the election of Messrs. J. L. K. Jamieson, 
Ralph Moore, Howden, John Inglis, Jun., and D. J. 
Dunlop. Mr. Costelloe was re-elected treasurer. Subse- 
quently Mr. James Howden read the first part of a very 
elaborate paper embodying an investigation into the action 
of the screw-propeller. he second part is to be read at a 
special meeting to be held next month, when the discussion 
upon the paper and two others read a month ago will e 
place. 








NOTES FROM THE SOUTH-WEST. 
The Scilly Telegraph.—The Scilly telegraph cable has 
been picked up and joitted to the new.one, the end of which 
has been landed at Porthcurmold Cove. 


Teign Valley Railway.—The promoters of the Teign 
Valley Railway Extension to Exeter have failed to induce 
a House of Commons’ Committee to pass their Bill. 


Penzance.—Work in connexion with the erection of a 
new railway station at Penzance been commenced, and 
it is reported that every effort will be made so as to render 
the station available for summer traffic. A number 
of men were at work on Monday, when the necessary exca- 
vations were commenced. 


Bristol Railway Matters.—A plan for connecting the 
projected wens Be the quays at Bristol with the system 
of the Midland Railway Company at St. Philip's railway 
wharf, and also for carrying minerals and goods in railwa 
trucks between Avonmouth Dock and the docks at Cardi 
and Newport, has been submitted to Mr. Brunlees, engineer, 
and has been approved by that gentleman. 


Dorchester.—Considerable drainage works are in con- 
templation at Dorchester ; the estimated cost is 17,0001. 


Clifton Extension Railway.—The Clifton Extension line 
has been passed by the Government inspector as fit for 
passenger traffic, and the line could be opened at once for 
that purpose; but as very heavy traffic is anticipated 
shortly over that portion of the line already opened, the 
new portion of the line will not be opened until August 1. 


Gloucester and the United States.—A proposal has been 
made by Mr. W..Edwards, of Cardiff, to establish a line of 
steamers between Gloucester and the United States. Ina 
circular Mr. Edwards points out the great increase ,of 
trade between the Bristol Channel, Poole, and the United 
States, and he says that all that is required for Gloucester 
to avail itself of a very large proportion of the imports to 
this district is a regular means of transit, and that from 
its situation, Gloucester, above all ports in the Channel, 
ought to have a large trade with America. As an experi- 
ment, Mr. Edwards proposes that one steamer sho be 
purchased of about 2200 tons burthen, costing about25,0001., 
the cost to be divided into 64 shares, and to show his fai 
in the undertaking, he and his friends are ready to sub- 
scribe for one-quarter of the shares. 


The Cyfarthfa Iron Works.—There has been much specu- 
lation of late in Merthyr with regard to the probable sale of 
the Cyfarthfa Works, and rumours to that end have 
been grounded on the fact that Mr. Edward Wiliams, 
of Middlesbrough, and other gentlemen well known in 
the iron and coal trades, have been engaged for some 
time, and indeed are still engaged, in a systematic 
valuation not only of the Cyfarthfa Works, but also of 
the collieries as well, 


H.M.S. Mercury.—Her Majesty’s steel-armed despatch 
ship Mercury, a vessel of great power, was rom 
Pembroke Dock dockyard on She was built 
from designs furnished by the Board of Construction at t 
Admiralty, under the immediate supervision of Mr. F. 
Martin, chief constructor at Pembroke Dock dock: , Mr. 
T. G. Seccombe being foreman of the works. ‘he whole 
of the material was supplied by the Landore Steel Com- 
pany. Her principal dimensions are: Length between per- 
i , 300 ft.; breadth, 46ft.; draught of water, 
forward, 17 ft. 6 in., aft 22ft.; mean draugh , 19 ft. 9 in. ; 
displacement, 3739 tons; engines, 7000 indicated 
power ; estimated. speed, 174 knots per hour; armament, 
eight 64-pounder side guns, and two 64-pounder revolving 
guns, one on the for , and the other on the poop; 
total weight of equipment to be received on board, 2427 


tons. Her engine were made by Messrs. nog og Tiggran 
and Field. he Mercury is i like the » ex. 
cepting that the former vessel a straight stem, 


The area of mi 


vhe latter had an over ing knee. z 
square feet, and the 


section in the Mercury is 
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horse have really not one common 
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of her ports from the lower water line is 10 ft. 74 in. ; her 
water tanks will carry 32 tons, and she has accommodation 
for 34 tons of provisions, besides having bunkers to convey 
500 tons of coal. The other ships now being built at 
Pembroke Dock are the Ajax, a huge powerful armour- 
clad turret ship, and four iron gunboats i 
named Tickler, Griper, Pincher, and 

also two wooden training bri 
Atalanta training frigate (a sister 
Eurydice) is being fitted out as a training sh 
these, there will be commenced this year another armour- 
clad ship, the design of which has; not yet been definitely 
approved, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

War amd the Coal Trade.—The present crisis in the 
has led to one result, and that an unexpected demand for 
coal. Agents have been present in the district requiring 
supplies of coal for Russia, and contracts for delivery in 
that direction have been entered into. Whether the fuel 
will eventually find its way into the hands of the Russian 
Government or not is unknown at present, but the trade is 
receiving a stimulus through the inquiries. 
a aca +. i, Taplotionnenth the meeting of 

e Yorkshi itute of Mining Engineers, a written 
by Mr. D. P. Morison and Professor A. iy a of 

ewcastle, entitled “Results of Experiments on the 
Effects of Coal Dust in Colliery Explosions,’’ was . 
schsonk sietngaineck Ue atakadees te tie od toc 

us produ ry sions in us 

coal mines. Experiments showed that coal dust is in iteolt 
explosive, even when in a pure atmosphere, and the blown- 
out shoots had the power of developing this explosive 


ro . Mr. Galloway’s experiments on the effect of 

wel Ged in whtchoe proportion of fire-damp exi 

were alluded jo, and the writers concluded by asking 

en ee Oey modes for the remedying 
ese evils. 


Manufacture of Armour Plates.—One of the chief staple 
es of S id ay threa with a revolution, 
, the armour-plate department. Up to the present 
ime t plates have been made solely from iron worked out 
of Swedish or Russian ores. . Alex. Wilson and others 
have, however, introduced composite plates of iron and steel, 
but the difficulty which he encountered up to the 
present time has been the complete fusion of the two sub- 
stances. Results up to the ¢ time have not been very 
satisfactory, but it is believed the problem will yet be 
solved as follows: A hard steel surface, interior of wrought 
iron, and back of plate of soft steel, thus combining resist- 
ance on the surface and hness. Should the plates of 
—- ye be adopted the cost of armour plating will 
© much en . 





Tue INsTITUTION oF CrviL ENGINEERS.—The In- 
stitution now consists of 1033 members, 1759 associates, 
and 16 honorary members, with 520 students attached, 
making an agerogate of 3328 of all classes, and represent- 
ing an increase of 311 since the same date last year, or more 
than 9 per cent. 





THE MxrroroxocicaL Socrety.—The usual monthl 
meeting of this society was held on Wednesday, the 17t: 
inst., at the Institution of Civil ineers, 25, Great 
George-street, Mr. C. Greaves, President, in the chair. 
Mons. Marié Davy, Captain N. Hoffmeyer, Prof. D. mn, 
and Dr. A. Wojeikoff were elected honorary members. The 
discussion on ‘* Waterspouts and Globular Lightning,” 
which was ae from the last meeting, was resumed 
and concluded. The following papers were then read: 
**On the Application of Harmonic Analysis to the Reduc- 
tion of Meteorological Observations, and the General 
Methods of an by the Hon. R. Abercromby, 
F.M.S. The meaning of harmonic analysis is first shown, 
in reference to av barometric pressure, by tracing the 


th | geometrical and physical significance of every step from the 


barogram till the tabulated results are combined in 
a harmonic series. It is then shown that, whether we re- 
gard this series simply as an algebraic embodiment of a fact, 
or as a series of harmonic components, as suggested by Sir 
W. Thomson, it is simply a method of averages, and our 
estimate of its value must depend upon an estimate of the 
use of averages at all in meteorology. It is then pointed 
out where averages are useful, and their failure to make 
meteorology an exact science is traced to three causes. 
1. That the process of averaging eliminates the variable 
effects of cyclones and anti-cyclones, on which all weather 
from day to day depends ; and on this are based some general 
remarks on the use of synoptic charts, not only in explain- 
ing and forecasting weather, but in attacking such pro- 
blems as the influence of changes of the distribution of 


he | land and water on climates, and the cyclic recurrence of rain 


or cold. 2. That deductions from averages only give the 

facts, and not the causes, of any periodic phenomena. The 

position of diurnal and other iodic variations in the 

general scheme of meteorology is then pointed out, and it 

sah tr instoccosames treet aby @ day., ®. Tinh taking 
y .. Oe 

J henomena are often classed as i 


in this country is i 5 
conditions of atmospheric disturbance, and it is necessary 
to discriminate between these kinds before meteoro. can 
be an exact science. ‘‘ On Some Peculiarities the 
i Alen of Birds tn the Aatems onl eee © iY 
. Cordeaux. s gave & — 
recent heary fall of rain on April 10th and 1 the 
amount known to have pal ng Fam 
.6 in. at Haverstock Hill. 
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ON EXPERIMENTS RELATIVE TO STEEL | 
BOILERS,* 
By Mr. Witu1am Boyp, of Newcastle-on-Tyne. 
(Concluded from page 311.) 


Steel Rivets.—It will be remembered that it was pro- 
posed to rivet the boiler with steel rivets; but before an 
absolute decision was arrived at on the point, a few expe- 
riments were made to ascertain wheter the steel rivets 
were likely to be rendered brittle, by being heated in the | 
furnace and then cooled by the application of the pressure 
of the hydraulic rivetter. 

These results are given in Appendix, Table IV., and 
explain themselves without need of further comment, be- 
roe i that every care was taken to arrive at a | 
air result. e rivet heads from two similar rows of | 
rivets, put in a lap joint in the usual way, bat one of iron 
and the other of steel, were cut off by the repeated blows | 
of a hammer on the head of a blunt “‘ set” held on to the | 
rivet head in the ordinary way, when the head of a defec- 
* Paper read before the Institution of Mechanical Engineers. - 


| 














tive rivet has to be removed ; the same hammer was used 
throughout, weighing 11 1b. ; the same two men struck the 
blows turn and turn about; and they cut aniron and a 
steel rivet alternately. The steel rivets were made from 
bars of Landore Siemens steel, the same quality as the 
boiler plates, and the iron rivets were made of ‘‘ best 


scrap” iron. The result was that the steel rivets 1 in. in 
diameter stood an average of 16 blows each as against 10 
for iron, or 37.5 per cent. higher average, and the } in. 
steel rivet stood an ave’ of 6 blows as against 3.5 for 
iron, or 41.6 per cent. higher average. 

The result decided the point that steel rivets should be 
employed, and they were heated in an “‘open-hearth”’ 
rivet-heating furnace, arranged so that the e would 
not burn them, while they were all heated to a uniform 
temperature. 

The whole of the rivetting was done by one of Tweddell’s 
hydraulic rivetters, giving a pressure of 40 tons on the 
rivet head, and it may be added that the boiler proved 
itself perfectly tight both under steam and water tests, and 
not a single rivet head has ever thought fora moment of 
‘deserting its post’’ on the boiler. 


Buckling Tests, without Nuts or Stays.—It is now pro- 

sed to describe briefly what is perhaps the most interest- 
ing experiment of the whole series, from its bearing on the 
elastic quality of this ‘‘ steel’’ material. It will be remem- 
bered that Lloyd’s requirements were as follows : 

** That it be shown by an actual experiment that the flat 
plates with the proposed reduction of thickness, stayed in 
the usual manner, are as strong to resist buckling (by 
hydraulic pressure) as ordinary wrought-iron plate.” 

Two boxes were constwatiad, as shown on Figs. 14 to 19, 
and gradually subjected to hydraulic pressure. One box 
was made of iron, with plates jin. thick, and the sides 
were held together with 9 screwed stays of iron, 1} in. in 
diameter, 9in. apart, with the heads rivetted over in the 
usual way, and having 10 threads tothe inch. The other 
box was made of steel plates 1%; in. thick, held together a 
screwed stays of steel, 1? in. in diameter, 9in. apart, wit! 
the heads rivetted over in the same way as the iron one, 
and screwed to the same pitch. : 

The “‘ buckling” was carefully noted at the several points 
marked, and numbered 1 to 5, and also at A and B as 
shown on Figs. 14t0 19. The results are given in Appen- 
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dix, Table V. Taking the points A and B, and also the | ought to give way- The that gave way in each case | son between the two materials, the early extension of the 
points 1 and 2 as being fair places at which to institute | was the “ rivetted over” lip of the screwed stays. steel plates, and their general behaviour relatively to the 
comparison, the behaviour of the two materials at these This early buckling of the steel plates showed the ad- | iron plates, is very clearly shown on Figs. 26 and 27. In 
points is very clearly shown in another form in Fig. 26. | visability of fitting the heads of the stays with nuts, which | the steel plates the buc commences at 260 lb., and in 
Attention may be drawn to the fact that in the steel plates | was adopted in the case of this boiler. the iron plates at 390 lb. Permanent set took place in the 
the buckling commenced at 130 Ib. pressure per square| Buckling Tefts, with Nuts on’Stays.—In order to ascer- | steel plates at 390 lb., and in the iron at 585 lb. At 585 Ib. 
inch, whereas it did not commence in the iron plates till tale canetty the voles af esos 5 re the flat | the buckling of the steel plates was, at the points 1 and 2, 
195 Ib. Permanent set took place in the steel — at | surfaces, two other boxes were made iden in every way | six times greater than in the iron plates, and at the same 
325 Ib., and in the iron at 390 lb. At 422 Ib. the ating with the former pair. The iron plates as before were 4 in. | pressure was five times at the points A and B. 

at the points land 2 was eight times greater in the steel | thick and the stays 1} in. diameter ; the steel plates were Finally, the ultimate wuting eenend ones 20 
plates than in the iron plates, and at the same pressure | 1% in. thick, and the stays 1g in. diameter ; the iron stays | iron box at a pressure of 1000 lb. on the square inch, the 
was nearly four times greater at points A and B. The wane OBOE ies Sate 1p Se. CE See Eee aes oe fracture taking place in the angle iron and the framework 
ultimate bursting point occurred in each case at the centre | nuts 1 in. thick. These are shown on Figs. 20 to 25, and | of the box generally. Some of the nuts on the stays were 
Sea anges of, 500 Ts. per eymene tats cesteing the results of the experiment in A: ix, Table VI. split, but none of qemrel Ange athens en Caieay 
accurately with calculation, which (employing a factor If the same points A and B and 1 and 2 be again taken | to expectation, did the flat plates give way at any part. 

safety of 6.5) gave 513 lb. as the pressure at which the box | in these two boxes for the purpose of instituting a compari- | the case of the sisal box the bustling eosenel ai 900 Ib. 
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TasiE IV.—Steel and Iron Rivets. 





Iron Rivets } in. in Dia- Steel Rivets, }in. in Dia- 





meter, 2} in Pitch. _meter, 24 in. Pitch. 
Rivet. No. of Bivet. No. of 
No. Blows. No. Blows. 
1 4 ms «o @ 
 _ . 4 B« oe 
iss . 4 3 . 6 
ees «= 4. ae 
a oo 5 SS 
ae — Ss aan 
ee ae 7 ae 
od . 4 8 oo 
9 wn . 4 9 oo 
10 aco oe w. a 
10)35 10)60 
3.5 mean 6 mean. 
Tron Rivets 1 in. in Dia- Steel Rivets 1 in. in Dia- 
meter, 3 in. Pitch. meter, 3 in. Pitch. 
Rivet. No. of Rivet. No. of 
No. Blows. No. Blows. 
Pes — ets cn 
ae oo 9 2 aa 
ae ae ae ea gn 
4 Gee S$ « one 
5 wo § -.% sa ae 
6 = 6 « — 
7 9 . . 10 
4 eS ms —_— 
9 a a ¥- oe 
10 SS , 10 . -. 26 
10)100 10)160 
10 mean. 16 mean. 








~~ ‘Weight of hammer 11 Ib. ; all machine-rivetted. 
TaBLe V.—BucKLine Tests wiTHouT NoTs. 
Iron Bow.—Buckling observed at Specified Points, in 
Inches. 
































Point. Internal Pressure, in Pounds per Square Inch. 
| wo. | 65 | 130 | 195 | 260 | 925 | 390 | 492 | azs 
gi} 0 | © | .015 | 015 | .015 | .062 | .079 
= } 2 0 0 | O15 | 015 | O15 | 077 | .095 | 
ei; 3 ~~. 0 0 0 0 | Bare 
=| 4 0 0 0 0 0 0 0 | 
Sli 56 | o oo} o| of of} of of 
1 o | 0 0 0 | Bare] .015 | .046 |.25 
‘| 2 | 0 | © | © | © | oan | .o47 | .o62 | .235 
Silas |o | of of of Of of o fo 
F| | 4 o | o 0 0 0 0 0 | .062 
3 5 o | 0 0 | 0 0 0 0 | 0 
a A 0 | 016 | .031 | 081 | .046 | .063 | . 25 
Bio | o 015 | 015 | .045 | .098 | .124 | 406 




















Permanent set at 390 Ib. per square inch. Burst at 550 Ib, per 
square inc! 


Steel Bow.--Buchling observed at Specified Points, in 
Inches. 
































Point Internal Pressure, in Pounds per Square Inch. 
No. | 65 | 130| 195| 260 325 | 306 | 422 | 475 
] 
2 1 | © | 015 | 018 | .o46 | .062 | .407 | 750 |-750 
= 2 | 0 | O]| © | or | 062 | 375 704 | .718 
Wel | | 
é|| 4 | 
SU 5 | | | | 
| 1 | © | os | .oa1 | .o46 | 078 | .296 | 290 | 420 
Si\ 2 0 | 01s O81 | 031 | 077 | 312 | 437 | .454 
po 8 | © | O15 | O15 | 015 | 031 | 077 | 077 | .077 
S 4 o| 0 0 © | 015 | .046 | .046 | .091 
3 5) 0} oO] © | 0 | © | .o46 | .o46 | .o46 
: A | © | 031 | .081 | .o46 | .093 | 390 | 406 406 
| B | © | #80 | 0st | .o46 | joss | sen | 408 | 91 








Permanent set at 925 lb. per square iach. Burst at 650 Ib. per 
square inch. 


per square inch, and as in the iron one it was the general 
framework that gave way. None of the stays broke, nor 
did the flat steel plates crack at any point. 

This experiment demonstrates very clearly the enormous 
additional strength derived from pd meee of fitting the 
stays with nuts; and also that the steel plates and 
stays are fully as against ultimate strain as the iron 
thus confirmi e former experiment, where each 
box gave way at 550 lb. 

Tempering.— It will be remembered that Lloyd’s require- 


ments em certain tests known as “‘tempering’’ or 
” ” tests, in which stripe, eut from each plate 
in the , after being heated to a dull red and cooled 
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Taiz VI.—Buck1Line Tests WITH Novts. 
Iron Box.—Buckling Rerest at Specified Points in 
nches. 




















lent. Internal Pressure in Pounds per Square Inch. 

No. | 65 | 130] 195 | 260 | 325 | 390 | 455 | 520 | 585 | 650 | 715 | 780 
s Zz se | see | cee | eee [+082 |.081 }.062 |.062 |.062 |.187 |.575 
z | 3 . [O15 |.062 |,062 |.062 | 062 | .062 |.125 |.125 |.25 
i | 3 see | cae | coe | cee | cee [O15 |.015 |.015 |.015 
7 4 .. 015 |.015 |.015 |.015 | .015 |.015 |.031 |.062 |.093 
3 L| 5 . |.081 |,081 |.081 |.081 |.031 |,031 |.031 |.031 |.062 

1 sa | cee | eee | cow |-015 1.015 |.062 |.125 |.344 

3 2 . |.081 |.031 |.031 | 046 |,046 |.098 |.156 |.375 
a 3 015 |.031 |.125 
a 
s 4 
2 5 inh tet Kase Lon ei te ak eo ee 
a A . |.015 |,062 |.062 |.077 |.094 | .125 |.187 |.375 

LB . |.015 |.081 |,062 | 125 |.187 |.3875 






































Permanent set at 585 Ib. per square inch, Burst at 1000 Ib. per 
square inch, 


Steel Bow.—Buckling observed at Specified Points, in 
Inches. adie 



































Point.| Internal Pressure, in Poinds per Square Inch. 
No. | 65 | 130} 195 260 325] 390] 455] 520) 585 650) 715 
gf{j 2 .015]4031) .062} ,062| .187} .25 | .375 seal 5 
@ 2 015] .031) 062] .062| .187) .25 | .406| 499} .562 
ayo | 
m 4 | see | see | coe | coe | ove | 015] 015] .0]5] 081) .062| .062 
SLL 5 | sn | sss | eee | sve | see | £0811] .046] 062} .062) .098) .098 
me | .. | 015} .081} .062) 056} .25 | 844) .437| 625 
= 2 | sce | see |.081| ,081! .062] .298] .218] .281| .375|.5 | .656 
BTL 8 | see | ose | see | cee | cee | one | 018] .081] .081] .062]. 098 
2 Otel 031} ,031] .081| .093} .156 
a Le Ey Pe ee eer bie 
zi) 4 | si 081 .081| 081} .093} 218} .265) .407 531! .656 
B } - | 094 +156) .279} 375 1,437) 562) .625 























Permanent set at 390 lb. per square inch. Burst at 900 lb, per 
square inch. 


out in water at 82 deg. Fahr., should stand bending over 
to a radius of 1} times the thickness of the plate. Some 
of these specimens are exhibited, and show exceedingly 
good results; which were fully borne out in the actual 
manufacture of the boiler, not a single fracture, or crack, 
or defect of any kind having been discovered in the material 
from first to last. 

Annealing.— One special test made by the writer, inde- 
pendently of the authorities at Lloyd’s, went more perhaps 
than any other to satisfy him that this material might be 
used with safety for the inside work of a marine boiler ; 
and that there was no fear lest the constant heating and 
cooling which is repeated to a great degree every time the 
boiler is blown off, and to a less degree every time the fire 
door is opened to put coal in the furnace, should soon tell 
its tale in she deterioration and subsequent cracking of 
these inside plates. 

The experiment was this. A piece of steel plate about 
18 in. square was obtained from the makers in the ordinary 
way et Vustnene. This plate was cut into two portions. 
One portion marked A was heated in the plate-bending 
furnace to a dull red heat, and then cooled out suddenly 
in water. This process was repeated fifty times. The two 
pieces were then punched, bent cold, and experimented on 
in various ways as shown in the samples, with the result 
that the piece which had been subjected to this fifty-fold 
annealing process had lost none of its nature, but was 
ductile and malleable as the piece of plate (marked B) 
which was just received from the manufacturers. 

A very few words will summarise the conclusions which 
these tests and experiments seem to point out. These are 
as follows : 

Ist. Steel plates can now be obtained in which absolute 

ractical uniformity can be relied on, extending over a 
quantity of material. 

2nd. The material is seriously injured, or crippled, to the 
extent of something like 33 per cent. b: panehing-~i the 
clearance given between the punch and the die be about 
Yx in., which is usual in iler-making work. 

3rd. The injury or wm ling of the material does not 
amount to any apprecia quantity, if the holes are 


drilled. 
4th. The “‘ nature ’’ or quality of the material is practi- 
e plates are annealed in the 
manner described 


cally restored entirely if 
5th. It is therefore desirable, though not essential, that 
all holes in the construction of the boiler should be drilled 
rather than punched. 

6th. ing to the early tendency to buckle in steel 


plates ial care is in staying flat surf; 
especi where the gintes ene thin . ihe = 
- Sek tate cadet am Me Bests & 
r. Manu *s engineering surveyor for the Tyne 
district, without whose active aid nll obtained 
would have been far less interesting and valuable; 
and also to Mr. Parker, Lloyd’s principal engineering 





surveyor, who was good enough to @ many valu- 





able enggeetions during the progress of the experi- 
ments. He believes that these experiments supply some 
data as to the nature of Siemens-steel plates which 
have not hitherto been generally known. Of their applica- 
tion to boiler purposes he ventures to speak in terms of 

tion, since the very superior and uniform 
plates used in construction of the two 
marine boilers, which up to this date have been built by his 
firm, has been abundantly shown. Time alone will prove 
whether this material can support the wear and tear of life 
on board ship; but the last experiment referred to evi- 
dently gives good ground for hope in the future, and all 
those interested in the advance of m ical science can 
do no less than wish it every success.* 





THE PARIS EXHIBITION. 

We publish this week a two-page plate of the Central 
Dome forming a part of the vestibule facing the Pont de 
Jena, and the most conspicuous feature of the Main 
Building of the Champ de Mars. We shall reserve further 
notice of this dome until next week. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron wae re there was a fair 
average attendance on ’Change at Middlesbrough, although 
many of the usual frequenters of the market were absent 
owing to the holidays. Prices were weaker, being based 
on No. 3 Cleveland pig selling at 39s. 6d. per ton. The 
conflicting political news still seriously interferes with trade. 
Messrs. Connal and Co. have in their Middlesbrough war- 
rant stores '64,500 tons. When the war clouds shall have 
fairly dispersed the holders of pig iron will certainly be 
able to repay themselves for having been obliged to in- 
crease their stocks during the prolonged depression. 


The Finished Trade.—There is unfortunately nothing 
new to a, mee respecting the finished trade. Many of 
the works have of course been idle for several days in con- 
sequence of the holidays. 


The Ironworkers and their Wages.—It was feared that 
the sectional dissatisfaction of the ironworkers with the 
award of Mr. David Dale would result in a serious stoppage 
of work. Fortunately a meeting of the Standing Com- 
mittee} of the Board of Arbitration at Middlesbrough on 
Saturday set at rest much uneasiness by ae the follow- 
ing minutes; “‘ rts from all the works were read, from 
which it appeared that with one or two exceptions the re- 
duction awarded by Mr. Dale of 9d. off puddling and 7} per 
cent. from other classes has been accepted. The main 
difference and causes of stoppage at several works is owing 
to the refusal of the underhands to accept a reduction of 
3d. per shift on their present wages, and a misunderstand- 
ing as to the payment of level hand money. The question 
was fully discussed at the board on the 8th of April before 
Mr. Dale, and it was as follows :, That itis the duty 
of the forehand to find an underhand, and if he fail to do 
so he must work with any underhand found by the firm; if, 
however, the puddlers at any works are pots | by employers 
to work level hand ‘| are entitled to be paid the usual 
level hand allowance, but the option rests with the em- 
ployersas heretofore. The Standing Committee therefore 
strongly recommend that all works should loyally accept 
the award, and also the level hand =aieaiine, and 
failing arrangement with underhands that the various 
employers encourage the puddlers by eeing to work 
level hand with the usual allowance until the underhands 
are prepared to go to work.” 

Shipbuilding and Engineering.—On the northern rivers 
there is a good deal of shipbuilding and marine engineerin 
going on, and the various establishments will be kept well 
occupied for the next few months. 


Cleveland Institution of Engineers.—The fifth meeting 
of the session was held in the hall of the Literary and Phi- 
losophical Society, Corporation-road, Middlesbrough, on the 
evening of Monday, April 15, Mr. Thomas Whitwell, Pre- 
sident occupied the chair. The i with an 
address from the President on “The Construction and Ma- 
nagement of Blast Furnaces.’’ This was of the most in- 
teresting description, and was very fully illustrated by 
drawings of the most celebrated furnaces. At the conclu- 
sion of the address, Mr. E. Gilkes, past-president of the 
Institution proposed a vote of thanks to Mr. Whitwell, in 
the course of seconding which Mr. E. C. Pechin, of Cleve- 
land, Ohio, ex-president of the American Institution of 
Mining Engineers, gave a very racy account of blast fur- 
nace ment in America. Mr. Thomas Mudd, of 
Messrs. T. Richardson and Sons, Hartlepool, then read a 
very lucid perer_ on the manufacture of rivets, bolts, and 
various other articles by a new system of longitudinal 





Burry Port.—There is a probability of the restarting of 
the Burry Port Lead and Silver Smelting Works before the 
end of next month. It may be remembered that the com- 

y, which was accustomed to employ several bundr 

, failed in February, 1877, with liabilities exceeding 
350,000. The estate since that time has been in the hands 
of the trustees, Messrs. Turquand, Young, and Co., London. 
A great deal of litigation has taken place, bat the whole 
concern has recently been handed over to Mr. J. W. Wil- 
liams, Farcroft, Teahwe near Birmingham. Mr. 
Williams, who intends to work the concern, was 
the principal mortgagee, and held security for 60,926. 


* The demands upon our space us to defer the 
publication of our report of the discussion — on Mr, Boyd’s 
paper. 
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THAMES TIDES AND THE EMBANK- 
MENTS. 

THE Institution of Civil Engineers is just now 
engaged in discussing the elementary question, 
whether when the channel of a tidal river is narrowed, 
with a given quantity of water flowing up, the sur- 
face of the water is raised or not. It is urged by 
those who represent the Metropolitan Board of 
Works that the embankments reduce the friction 
and increase the momentum and velocity of the tide, 
that the water level is not raised, but that a given 
—, of tidal water passes through the reduced 

el at a greater velocity. 

Granted this position, what follows? The reser- 
voir, 19 miles in length above London Bridge to 
Teddington weir, with an average width of 500 ft., 
is the same now as before the formation of the em- 


bankments, minusthe abstraction of storage space due 


to their projection, If then aslightly increased - 
tity of tidal water passes “yo a slightly redaced 





capacity of reception reservoir, the increased amount 
of water placed therein must raise the surface, For 
the embankments shut out 700,000 tons of tidal 
water, and this amount has to obtain a storage 
accommodation with each tide. Now, how is this 
accomplished? It has been shown by Mr. Redman 
in his paper on the Thames read last session before 
the Institution of Civil Engineers, and in a supple- 
mentary paper recently read before the Society of 
Arts, a now in course of republication in our 
columns, that the embankments do influence the 
surface of the water of an abnormally ~— tide to 
the extent of at least 4 in., and this would yield a 
compensation somewhat in excess of the abstraction 
by the embankments, amounting to 800,000 tons of 
tidal water, at a period when most effective, viz., at 
the top of the tide. The present position of affairs 
is this; down to 1869 no tide exceeded 3 ft. 7 in, 
above ‘Trinity standard, but in March, 1874, and 
November, 1875, the tide marked respectively 
4 ft. 4 in. and 4 ft, 9 in: above Trinity, and therefore 
in excess of any previously recorded, The average 
high water throughout the year, as shown by Mr, 
Redman, is normal, but exceptionally abnormal tides 
now rise from 9 in. to 14 in, above similar tides ten 


dia | years back, Why is this? ‘They have been shown 


to be due to three concurrent causes of rare coinci- 
dence, but they must have been recurrent in all time, 
First, an exceptionally heavy land flood meeting ; 
secondly, an equinoctial spring tide, and accom- 
panied, thirdly, by a great west gale heaping up the 
Channel tidal wave, and suddenly shifting to the 
north acting in a similar manner on the tidal wave 
of the German Ocean, the two at the point of meet- 
ing in the Thames estuary raising abnormally the 
tide in that river. 

It is assumed there are four causes for the 
accentuation in recent years of these abnormal 
tides. First, the land floods, though of the same 
volume as in former years, are now brought down 
more rapidly into the river channel by the modern 
extension of arterial and subsoil drainage, so that 
there is a greater volume of water to be discharged 
in a given time and a greater consequent head of land 
water to meet the incoming tidal water. Secondly, 
the removal of old London Bridge has brought up 
one-third more tidal water above bridge than half a 
century back, due to the raising above bridge of 
high water 12 in. vertically, and the lowering of 
low water 3 ft.6in. Thirdly, this has resulted in 
a deepening of the lower metropolitan reaches, 
aided by dredging, so that the head of the low 
water tidal column coming up stream from seaward, 
with a minimum depth at low water of 20 ft., which 
twenty-five years back was opposite the Arsenal at 
Woolwich, is now two miles higher up the river and 
above the dockyard; resultant on this, a big spring 
tide coming up on this increased cushion of water is 
raised in level at high water. Fourthly, the embank- 
ments have undoubtedly raised the surface to a 
proportionate extent. If the total result were 
divided by those four causes and 34 in. assigned to 
each, in all probability something very near the 
truth. would be arrived at. 

We see the same results in the Mersey and the 
Clyde, and in all embanked rivers; why, therefore, 
should the Thames be an exception? Great stress is 
laid by the apologists (if they need them ?) of the 
we Board of Works on the evidence 
(entirely ex parte) given before Grant Duff's Com- 
mittee of the House of Commons on Thames floods 
last session, which to our mind conclusively proves 
that the high-water surface of exceptionally abnormal 
tides is raised by the embankments, pee | this con- 
viction was apparent on the mind of the Committee 
by the searching — put by Grant Duff, Sir 
George Elliott, and others, as to how the abnormal 
height of the tides of March, 1874, and November 
1875, was to be accounted for, following as they did 
so soon after the completion of the Victoria and 
Albert Embankments, 

lt is often suggested that Southwark Bridge 
gauged the stream prior to the embankments, as 
now, and that there is the same sectional area within 
the frontage influence of the embankments as at 
Southwark Bridge, and that, therefore, they cannot 
raise the water; but the e reservoirs cut off at 
Hungerford and elsewhere have not now to be filled, 
and though the same amount or more comes through 
Southwark Bridge as heretofore, a large proportion 
of this tidal water must find storage up above 
the former high-water level. Down to 1841, ac- 


cording to journals yearly kept by Mr. James | top landings 


Simpson, the high water at Chelsea dropped 3 in. 
and was so much lower than at London Bridge, 





on account of obstructions; and down to 1849, . 


from observations made for the Metropolitan Sewers 
Commissioners, the high water at Battersea Bridge 
was 6 in. to 9 in. lower, on account of the same 
causes, so that in addition to the ascending 
high-water gradient of 1} in. per mile now ob- 
tained, we have also precedent to it, the restoration 
of the surface up to a plane showing an additional 
development of tide. y pared the fact that the tides 
of March, 1874, and November, 1875, were felt by 
the overflow at the Victoria Docks is urged to show 
that the embankments have no hand in the matter ; 
this, however, is not so, as those tides were only felt 
comparatively at the Victoria Docks. 

In March, 1874, the tide rose 4 ft. above Trinity at 
Blackwall, and 4 ft. 6 in, at Millbank, Westminster, 
In November, 1875, it rose 4 ft. 6 in. at Black- 
wall, and 4 ft. 9 in. at Westminster, and these tides 
were respectively 7 in. and 10 in. below Trinity at 
Sheerness with a high-water difference of 4 ft. 10 in. 
and 4 ft. 9 in. In effect the high-water gradient is 
somewhat reduced through the metropolis in these 
abnormally high tides, from the sacking up] as it 
were of the head of the tidal column into a receptacle 
narrowed by embankments and insufficient for its 
reception. It was urged on Tuesday, the 16th instant 
in Great George-street, that no voice was heard in the 
Institution room in support of Mr. Redman’s well- 
grounded assumption that the embankments had 
produced a sensible effect on the high-water surface 
of an exceptional tide ; it is only n to refer 
to the discussion on that paper, read only thirteen 
months back, to contravene this groundless asser- 


tion. 
Mr. James Shoolbred, of Liv ol, said on that 
occasion: ‘ As to the effect of em ents on a 


river, the author considered that they afforded a com- 
pensation for the available water space which they ab- 
stracted, by causing a rise in the tidal column. This 
was no doubt true, to a certain extent, butstill a large 
ortion of the abstracted water was compensated for 
an increased rate of tidal flow through the dimi- 
nished orifice.” 

Mr. Scott Russell ‘‘agreed with the author in 
thinking that the Thames Embankment” had done 
good to the river instead of harm; referring to the 
lower reaches he said: ‘‘ It would be seen that a 
little further down there was a wide shore without 
embankment. If it could be made to pay to enclose 
those spaces with continuous embankments as far 
down as the Medway andShoeburyness, suchachange 
would send up the river a cr of 4ft. more of 
tidal water at spring tides than came up at the 
= time. That might do good or it might do 

arm.” 

So much for Mr. Scott Russell’s exaggerated 

icture of the resultant effects attendant on the em- 
nking of a river; the embankments of the lower 
reaches traditionally by the Romans shut out 30 
square miles of tidal water 7 ft. below Trinity, and 
only raised the London high water 4 ft. to 5 ft. 
above the normal sea level of high water at Sheer- 
ness. 
Mr. Parkes said, ‘‘ he confessed he should be sur- 
rised if Captain Burstal’s conclusion that the em- 
kment had not affected the high water level were 
borne out, because the great agent in filling ‘the 
upper reaches of the Thames was the momentum of 
the tidal water in coming up the river, and that 
seemed to imply a certain quantity of water driven 
up. If a certain number of cubic feet of space 
reviously occupied by water was shut out by em- 
ankments, it ap d to him that the water must 
necessarily rise in order to dispose of itself. A 
rough calculation he had made tended to confirm the 
author’s conclusion.” 

Mr, E, Roberts, of the “‘ Nautical Almanac” office, 
observed, through the secretary, that “he quite 
agreed with the author respecting the increased 
tidal range being due to the construction of the 
embankments and the substitution of new bridges 
for others of less waterway, at London Bridge 
Blackfriars, and Westminster.” The lines an 
levels laid down in 1840 by James Walker had been 
endorsed, almost slavishly so, as regards levels by 
almost all his successors ; he arrived at this height 
with the lights of his day, but surely a — a 
century later there were indications by ti — 
ment that 4 ft. would hardly be a safe height for 
modern embankments, and how completely the 
authorities have been taken by surprise is indicated 
by the supplementary surface outworks around the 

of the steamboat pier con- 
sisting of mere Pe t an overflow with 
extreme by which the 4 ft, has been practically 
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increased to 5 ft. The question arises, is this a height 
above which no tide of the future will rise ? 

Mr, Redman estimates that when the Surrey 
Embankment is completed, which it will be sooner 
or later, a dso het ht of 5 ft. 6 in. will in all 
probability have to be adopted. : 

Lord Palmerston showed the same sagacity in 
this matter as in diplomacy, for he gave his adhesion 
to the Thames Embankment project conditionally, 
his condition being that any embankment measure 
should include both sides of the river. In 1861 the 
Thames Embankment Commissioners received fifty- 
nine competitive plans, only ten of which specified 
the surface height, that specially commended only 
2 ft., and others 3 ft. to 4 ft. above Trinity ; two 
alone were prescient enough to suggest 5 ft.—viz., 
Mr, Lyster, of Liverpool, and Mr. Evans. It is 
clear the river admits of immense tidal development 
upwards ; from Sheerness to London Bridge, a dis- 
tance of 48 miles, the high water difference of a 
good spring tide is 5 ft. or an average gradient, 
varying with the irregularities in width of channel, 
of 1} in. per mile, and the low water may be said to 
be practically a plane. From London to Teddington, 
19 miles, the high-water rise of 2 ft. also yields a 
gradient of 14 in. per mile; but the low water is 
18 ft. higher at Teddington, or a gradient of 12 in. 
per mile, showing how much the river may be de- 
velo by scour and dredging. Ultimately, no 
doubt, Teddington lock and weir will be removed, and 
the tide carried up to Moulsey and Hampton, necessi- 
tating the extension of the embankment upwards. 

The slightest acquaintance with Chelsea Reach 
will show how immensely dredging might be in- 
creased, to the great improvement of the tidal 
powers of the river and its improvement in a sanitary 
and commercial sense. But this must be grappled 
with in a much more comprehensive manner than 
anything ever yet attempted, and this remark applies 
to the whole river upwards to its source. 


THE TELEGRAPHS BILL. 

Tue details of this Bill require examination and 
serious consideration by those whom its provisions 
affect. It applies to all works of a public nature in 
connexion with which electric wires can be laid, 
whether constructed, authorised, or in course of pro- 
jection. The Bill is a novel piece of machinery in- 
vented for an especial object not altogether appa- 
rent upon the face of it, and only to be discovered 
by comparison with preceding Acts, neither is there 
any preamble as a guide to or excuse for the purposes 
to be effected, which of itself is suspicious, ‘lhose 
acquainted with what happened last session in 
relation to Private Bills authorising such under- 
takings as are affected when clauses were tendered 
giving the Postmaster-General powers similar to 
those included in the Bill, and which clauses were 
in several instances rejected by Committees of both 
Houses, were prepared forsome attempt of the kind ; 
but that is no admission of the justness of the 
measure, in fact, the rejection of the clauses isa 
recorded protest to the contrary, and another 
motive against the provisions of the Bill being 
thrust upon some promoters (or rather under- 
takers as they are called in the Bill), while others 
are exempt from them. 

In order to get a clearer notion of what is in- 
tended to be done it is worth while glancing at the 

vious public Acts relating to telegraphs, The 
first of these was passed in 1863 as a sort of Con- 
solidation Act ‘‘to regulate the exercise of powers 
under special Acts for the construction and main- 
tenance of telegraphs.” Its action is prospective 
and retrospective, but the provisions are all of a 
permissive character as regards parties affected by 
the works, and restrictive only as affecting the 
companies in whose place the Postmaster.General 
now stands, with a Bill to reverse the positions of 
the parties ; but even this Act favours the companies 
to the extent that when required to place a tele- 
raph at the instance of the Board of ‘Trade on 
behalf of Her Majesty the department shall pay a 
remuneration annual or in gross, or both, for the 
same. The Act also gives the telegraph companies 
an express permissive power to contract with rail- 
way companies. 

‘The Act of 1868 authorises the Postmaster- 
General to work telegraphs, and to purchase the 
whole or such as he shall think fit of 
the undertaking of any telegraph company, and the 
companies are empowered to sell their un ertakings 
to him, which powers are voluntary on either side. 
The acts, charters, and grants under which the com- 
panies held their property, and all deeds and agree- 











ments made by or with them, are to remain in force, 
and for all practical p , when the undertakings 
are transferred, are to be construed as if the Post- 
master-General had been named therein instead of 
the —s thus imposing upon that functionary 
all the liabilities which the telegraph companies 
were then subject to. Section 9 of this Act applies 
to certain railway companies therein named, includ- 
ing some which are owners of telegraphs, and some 
having contracts with telegraph companies, whose 
apparatus is placed at the stations and along the 
lines of railway, These latter contracts are to cease. 
The apparatus in both instances necessary for 
establishing a system of telegraphy in connexion 
with the internal affairs of the railway company be- 
comes the property of that company, but the Post- 
master-General is entitled to use from stations not on 
the railway all the wires belonging to the telegraph 
company on the line and employed exclusively in the 
transmission of public telegraph business, and he 
can call upon the railway company to erect additional 
wires at his cost, but not interfering with the work- 
ing of the traffic, and the railway company is to 
maintain the posts and wires used for public mes- 
sages, the Postmaster-General paying for the same. 
The railway company had power to shift the wires 
belonging to the Postmaster-General when nec 

for purposes of traffic, he pe ing the actual cost in- 
curred in so doing. It will be seen on reference to 
the present Bill how this part of the arrangement is 
regarded now. 

The Act of 1868 (Section 9, Sub-Section 4) further 
provides that the Postmaster-General shall pay 
to the railway companies mentioned in the clause 
for a perpetual right of way for his posts and wires 
over the railway company’s system such sum per 
mile per wire by way of yearly rent as shall be 
agreed between the parties or fixed by arbitration. 
As we read the Bill Setees us, the main object of it 
is to evade this payment in regard to all future rail- 
ways where the wires are laid, although no stipula- 
tion to that effect is openly expressed in any part 
of it. 

The Telegraph Act of 1869 was passed for the 
purpose of amending that of 1868. It makes the 
sale of telegraph undertakings compulsory, gives 
the Postmaster-General the same jurisdiction over 
public — messages as he possesses over letters, 
and authorises the Treasury to raise 7,000,000/. to 
defray the liabilities already incurred. This latter 
expenditure, having generally been condemned, we 
suspect forms the backbone of the argument which 
will be adduced in support of the present Bill, and 
if so establishes the fact that when a public de- 
partment is incapable of performing efficiently 
what it undertakes to do that section of the public 
which comes within its claws in the shape of 
promoters of private Bills must suffer for its defects. 
The Bill now introduced, unlike its two predecessors, 
evades all explanation of its intentions by way of 

reamble, and dashes at once into enactments. 

he old difficulty always to be met with in Acts of 
Parliament of endeavouring to render the English 
language intelligible is first grappled with, and 
among others the term ‘telegraphic line,” which 
having been already thrice defined in previous Acts, 
now receives a fourth interpretation to keep it alive 
until another telegraph Act is passed, when it can 
be still further expanded. Section 4 practically 
removes, although it does not repeal the restrictions 
imposed upon the telegraph companies (in whose 
shoes the Post Office authorities now stand) under 
the Act of 1863, as to obtaining consent before 
laying wires, and makes the consent compulsory, 
subject to arbitration as to details, the arbitrators 
being the Railway Commissioners until they are 
defunct, and then the Board of Trade. We then 
arrive at what appears to be the real object 
of the Bill, and is contained in Section 7, which 
provides that where any Act of Parliament passed 
after the lst of January, 1878, authorises the con- 
struction of a railway, canal, tramway, highway, 
bridge, embankment, subway, aqueduct, watercourse, 
dock, harbour, or pier, it shall be lawful for the 
Postmaster-General to place and maintain tele- 
graphic lines in, under, upon, along, over, or across 
such undertakings, conditionally upon his not ob- 
structing the traffic, and upon his making good all 
damage occasioned by the works. He has power to 
enter upon lands for the purpose of placing and 
maintaining oraltering such lines. This power is to 
apply to railways already acquired, but not to affect 


any rights under or agreements confirmed by the 
Acts of 1868 and 1869. The Postmaster-General 


struct the traffic ; in his case we suppose the penalty 
is included under the baw phrase ‘‘ damage oc- 
casioned by the works,” although as appears a little 
further on when the obstruction is contemplated on 
the other side, it is dealt with in the most explicit . 
and unmistakable manner. 

Apart from a few private Acts passed last session, 
where the promoters were too frightened of a public 
department to oppose its dictates, we should have 
to search far and wide for a parallel to such a power 
as this. The clause expressly saves the railway 
companies mentioned in the Act of 1868, to whom 
a way leave is payable, and is enforceable onl 
against future undertakings; the effect of whic 
would be that two sets of public enactments would 
be at work for all time with respect to undertakings 
of a precisely similar character. 

Section 8 is introduced for the protection of 
existing posts, &c., from alteration by new companies, 
and lays down the machinery by which such altera- 
tion, if permitted, is to be effected, but with a reck- 
lessness only to be met with in documents of this 
character, it imposes (Sub-Section 5) a penalty of 
50/. a day upon the undertakers for any interruption 
to the telegraphic communication, which may arise 
through acts occasioned by failures, on the part of the 
Postmaster-General. 

The anomaly of Section 9 is that it includes an 
accident in the same category as a wilful offence, 
and with equal uniformity and justice punishes the in- 
terruption to the communication occasioned by either, 
with a fine of 20/,a day, while the parties causing 
the interruption before referred to are to forfeit 50/. 
aday. The object of Section 10, according to the 
marginal note, is to prescribe a penalty for obstruct- 
ing the Postmaster-General in carrying out any work 
in pursuance of the Act; but it goes much further 
than that in enactment, for it imposes a fine of 10/. 
a day on all undertakers who fail to give him what 
is called ‘‘due facilities ;” neither is there any explana- 
tionof what that term may be construed to include by 
the Postmaster-General or his agents, which latter, 
according to the interpretation clause, comprises 
contractors, their workmen, and servants. 

The most extraordinary clause in the whole Bill 
is the last, under the head of ‘‘ Repeal,” and con- 
tained in the following words, “‘ Any enactment 
which is inconsistent with this Act shall be repealed.” 
If brevity is the soul of wit this is the most compre- 
hensive piece of legislation in the fewest possible 
words that we have ever yet met with. 

So far as the public is concerned there is little 
sympathy with the Post Office authorities in their 
management of telegraphs. The preamble to the 
Act of 1868 states, that ‘‘ it would be attended with 
great advantage if a cheaper, more widely extended, 
and more expeditious system of telegraphy were 
established, and to that end it is expedient that the 
Postmaster-General be empowered to work tele- 
graphs in connexion with the administration of the 
Post Office.” After an experience of ten years 
which of these conditions has been fulfilled? or, 
rather, the more pertinent question would be, which 
of them is the least conspicuous byfailure? As far 
as cheapness goes the highest rate has been made 
uniform and maintained, while the abolition of the 
low tariff in London and the suburbs has deprived 
the metropolitan population of a great convenience, 
and extinguished a considerable source of revenue— 
the other two items may speak for themselves. 

The Bill, although perhaps devised cleverly 
enough for its main purpose, strikes one as hurriedly 
or carelessly framed in detail. Other Acts of Par- 
liament are amended by it, but the altered portions 
are not specifically pointed out or repealed, the 
penalties, even if appropriate at all, are unduly pro- 
portioned, and all on one side ; in fact a conspicuous 
characteristic of the Bill is a sort of hhigh-handed 
swagger evincing a consciousness of being able to 
carry matters entirely its own way ; but above all 
the most objectionable feature is that it claims on 
behalf of a public department privileges and im- 
munities detrimental to the rights and interests, 
and at the expense of private parties, and, there- 
fore, demands the earnest attention of those who 
are likely to be affected by its provisions. 


THE LIQUEFACTION OF GASES. 
An interesting experiment was made at the Royal 
Institution on Thursday April llth, by Professor 
Dewar. In his concluding lecture on the ‘“‘ Organic 
World,” the professor had much to say about 
benzol and acetylene. This latter body exists in the 
gaseous state under ordinary circumstances, but 
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liquid condition. It was the condensation of this gas 
by novel instrumental appliances that gave the lec- 
ture peculiar extrinsic interest; for, through the 
kindness of Mr. Aug. Bel, of Maiden-lane, the 
professor had at his disposal one of the apparatus 
with which M. Cailletet has recently obtained so 
many remarkable results, and which, coupled with 
those of M. Pictet, have finally expunged the time- 
honoured phrase ‘permanent gases” from our 
scientific vocabulary. 

Lavoisier, among the earlier chemists, believed 
that all gases were but the vapours of volatile 
liquids, and that, by the application of pressure 
and cold, they might be reduced successively to the 
other two states of aggregation. Bué between the 
belief and the reality, there was a hiatus which only 
time and experiment could fill up. 

As early as 1800, Monge, the celebrated French 
mathematician, gave attention to the question on ac- 
count of its close relation with some physical investi- 
gations which he was then carrying on, and succeeded 
in liquefying sulphurous acid. In 1805, Northmore 
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condensed chlorine, and in 1822 Perkins began a 
series of experimental researches on the compres- 
sibility of water, which he subsequently extended 
to several gaseous bodies. He summed up his 
labours in a paper, which was read before the Royal 
Society on June 15th, 1826. In this remarkable 
communication he states that carburetted hydrogen 
began to yield under a pressure of 40 atmospheres, 
which was increased up to 1200, when the whole was 
liquefied. More curious still were his experiments 
upon atmospheric air, in which he appears to have 
met with unexpected success. When the pressure 
had reached 1000 atmospheres, small globules began 
to form, and at 1200 atmospheres they assumed the 
appearance of “a beautiful transparent liquid.” 
‘These results, which were obtained so early in the 
history of the liquefaction of gases, seem to have 
been quite unknown or forgotten, as many looked 
upon M. Cailletet’s condensation of atmospheric 
air, last January, as a feat entirely unprecedented 
in the annals of physics. 

In 1828, M. L. Colladon endeavoured to reduce 
atmospheric air and the ‘‘ permanent gases.” He 
subjected them to a pressure of 400 atmospheres and 
a temperature of —30 deg. C., without, however, 
eflecting anything satisfactory. 

But to Faraday unquestionably belongs the 
honour of having attacked the problem with more 
vigour and success than any of those who preceded, 
and most of those who followed him. In 1823, 
Faraday, then in his thirty-first year, and chemical 


assistant at the Royal Institution, liquefied chlorine 
gas merely by its own pressure. In the same year 
he condensed sulphurous acid, cyanogen, carbonic 
acid, nitrous oxide, and maar hydrogen. 


“Some of these,” he laconically says in a letter to 











his Genevan friend De la Rive, ‘require great 
pressure, and I have had many explosions ;” and to 
this Professor Tyndall adds that in one of the 
explosions thirteen pieces of glass were driven into 
the young chemist’s eye. 

ndaunted by difficulty and danger, Faraday 
returned to this subject in 1844, and by the combined 
effect of pressure and cold, solidified ammonia, 
nitrous oxide and sulphuretted hydrogen. His 
great ambition, however, was to force the so-called 
permanent gases to give way ; but do what he would 
they remained as refractory as ever. Oxygen and 
hydrogen resisted a pressure of 27 atmospheres, and 
a temperature of - 110 deg. Cent,; nitrogen sustained 
a pressure of 50 atmospheres, and a temperature of 
— 110 deg. Cent. 

Reluctant to avow himself baffled, he made 
another effort in 1845 to condense oxygen. ‘I have 
squeezed him with a pressure of 60 atmospheres, 
and the temperature of 140 deg. Fahr, below 0 deg.,” 
he writes to the Genevan physicist, ‘‘ but he would 
not settle down into the liquid or solid state,” 


In 1835, Thilorier devised his well-known appa- 
ratus for the liquefaction of large quantities of carbonic 
acid ; but, owing to the occurrence of several fatal 
explosions, the method was superseded by that of 
Professor Natterer, of Vienna. ede 

It was reserved for Dr. Andrews to advance the 
question one stage further, and to show experiment- 
ally that the liquid and gaseous states are perfectly 
continuous. Hisconclusion that every body, whether 
liquid or gaseous, has its own critical point, con- 
tained the germ, which, in its development, has 
ultimately led to the liquefaction of the ‘‘ permanent 
gases.” It follows from these memorable experi- 
ments that if a gas be kept above its critical tempera- 
ture, no amount of pressure will be able to liquefy 
it; the most that can be done is to reduce it toa 
homogeneous body, which is neither a gas nor a 
liquid. If while it is in this neutral state, the 
temperature be lowered, it will condense into a 
liquid; but if only the pressure be diminished, it 
will return to the gaseous state. 

Here, then, at last we see the two conditions 
necessary to bring about liquefaction; viz., high 
pressure and low temperature. Dr, Andrews clearly 
apprebended these two conditions, for we find him 
su apr oxygen to pressures exceeding any used 
by Faraday, while surrounding the gas with one of 
the most powerful a agents known; viz., 
a mixture of solid carbonic ucid and sulphuric ether. 
Still his endeavours met with no success; oxygen 
gave no tokens of tractability. 

M. Berthelot, the eminent French chemist, still 
more recently, carried the pressure up to 800 
atmospheres, but without effecting liquefaction. 

It occurred, independently, to M. Louis Cailletet, 
of Chatillon-sur-Seine, and M. Raoul Pictet, of 





Geneva, that the incoercible gases might yield to 
the intense cold that would be produced by allowing 
them ¢o expand suddenly when comp to a very 
high degree. According to Poisson’s formula, this 

ion should lower the temperature of the gas 
by about 200 degrees Centigrade. Both set to work 
and devised apparatus essentially differing from each 
other, but in both of which the embodiment of this 
principle forms a salient feature. 

It is not to be supposed that M, Cailletet’s success 
is the mere outcome of a fortuitous combination of 
circumstances, There are instances of this happy 
chance in the history of scientific discovery, but 
they are few. His success is entirely the result of a 
well-directed and sustained investigation. At dif- 
ferent intervals during the last ten years, this 
subject has engaged his attention, Availing him- 
self of the mechanical power at his iron works at 
Chatillon, he collec a large amount of data, 
which, in the true spirit of a physicist, he kept by 
him until perfectly satisfied that he had y 
solved the problem, This was on the 2nd of last 
December ; on the 3rd, he wrote a short note to 
M. H. Sainte-Claire Deville, in which he states with 

onable enthusiasm that he had succeeded in 
quefying carbonic oxide and oxygen. As he was 
at that moment a candidate for a seat in the 
Mineralogical Section of the Academy of Sciences, 
and did not wish his latest discovery to influence 
his election, he advised M. Sainte-Claire Deville 
to seal his letter and remit it to M. Dumas, the 
perpetual secretary of the Academy. Nearly three 
weeks later, on December 22nd, M. Pictet commu- 
nicated his results to the , and singularly 
enough, the two Es were read at the same 
meeting of the Academy, viz, that held on De- 
cember 24th, The priority in this very close race 
thus belongs to M. Cailletet, but this does not 
detract one tittle from the merits of M. Pictet’s 
labours. 

M. Cailletet’s apparatus will be understood from 
the accom ing illustration, Fig. 1. A tube T, 
Fig. 2, of very fine bore towards its upper ex- 
tremity, and capable of ean @ pressure of 
500 atmospheres, is partly filled with the gas to 
be liquefied. The lower portion of the tube 
8g to form a capacious bulb, which is 

ed with mercury, and inserted in a reservoir 
containing mercury and water. The walls of the 
reservoir are of steel, and sufficiently thick to allow 
pressures of 800 a to be used with perfect 
safety. The water is forced in by a strong pump; 
and, according as it enters, the mercury rises in the 
capillary tube, compressing the confined gas at the 
same time. A pressure of 200 atmospheres is 
attained by a few strokes of the pump, and is 
recorded by a metallic manometer. By means of a 
plunger, V, the pressure may be very gradually 
inc up to 500 atmospheres. Meanwhile the 
capillary tube may be surrounded by a freezing 
mixture, or by water at any desired temperature. 

In the case of most gases, the manometer remains 
stationary when a certain pressure has been reached, 
This phenomenon, which is at variance with Boyle's 
law (a law absolutely true only for a perfect gas), 
occurs as soon as liquefaction bes, When an ap- 
preciable quantity of the gas has been liquefied, upon 
gradually diminishing the pressure, the liquid begins 
to boil and returns to the gaseous condition. But 
if the valve V’ be suddenly opened, the gas will as 
suddenly expand; and, undergoing a very consider- 
able reduction of temperature, a portion of it will be 
liquefied, filling the upper part of the tube with a 
sort of cloud or mist, ‘These effects are readily seen 
with nitrous oxide and acetylene, and may be easily 
exhibited to an audience by projection on a screen. 
In the case of the other gases, the liquefaction has 
not yet proceeded further than its incipient stage. 
Thus oxygen under a pressure of 270 atmospheres 
and a temperature of — 29 deg. was still gaseous ; but 
on suddenly opening the valve V', the tube was 
filled with a cloud, which denoted a commence- 
ment of liquefaction, if not of actual solidification 
as some have thought. M. Cailletet is now con- 
structing an apparatus with which he hopes to clear 
away this doubt and also to verify that the gas is 
not converted into ozone during compression, The 
same nebulous phenomenon occurs even when the 
oxygen is not surrounded by a cooling mixture, 
provided time be allowed for it to lose the increment 
of temperature arising from its compression. 

In the experiments which were made in the labo- 
ratory of the Ecole Normale, Paris, on December 30, 
in presence of several of the leading men of science, 





nitrogen was subjected to a pressure of 200 atmo.. 
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spheres and the temperature of liquid sulphurous 
acid (—29 deg. C.) without any signs of giving way. 
On opening the valve, tiny drops of an appreciable 
volume, were visible for about three seconds. Hy- 
drogen, as anticipated from its close resemblan« » to a 
perfect gas, showed itself the most refractory of all 
the gases; still when compressed to 280 atmospheres 
and suddenly released, it assumed, though only for 
an instant, the form ofa very fine, extremely tenucas 
mist. ‘To leave no doubt on the matter and to satisfy 
the physicists present, the experiment was repeated 
several times, and invariably with the same result. 

On January 14th, M. Cailletet experimented with 
atmospheric air. Having removed all traces of 
moisture and carbonic acid, and introduced it into 
the capillary tube, he surrounded it with liquid 
nitrous oxide. When the manometer recorded 200 
atmospheres, streams of /iguid air flowed down the 
sides of the tube. The pressure was increased 
to 310 atmospheres ; the mercury then having risen 
to the cool part of the tube, its upper surface was 
frozen; and on the prompt removal of the re- 
frigerating substance, the meniscus was observed 
to be covered with a layer which was believed to be 
frozen or solid air. 

M. Pictet has obtained not only the cloudy ap- 
pearance referred to above, but real jets of liquid 
oxygen and even miniature showers of hydrogen 
hail. Both physicists will doubtless continue their 
experiments until they have completely solved this 
great problem of modern physics, that is until they 
have succeeded in fixing liquid oxygen, nitrogen, 
and hydrogen for use in the chemical laboratory. 
In an early number we shall describe M. Pictet’s ap- 

aratus and summarise the results he has obtained, 

‘he apparatus shown in Fig. 1] is the original one 
used at the experiments made in the Ecole Normale, 
and has been constructed specially for physical 
laboratories. MM. Ducretet and Co, are the con- 
structors. 


NOMINAL HORSE POWER. 
To THE Eprror or ENGINEERING. 

Srr,—In reading the letter of your correspondent, Mr. 
Frank W. Wilcox, we thought we recognised an old friend 
in the formula he gives for finding nominal horse power, 
but as he alludes to ‘‘ my rule’’ no,less than five times, we 
assume that he has never heard of that illustrious Scotch- 
man called James Watt, who ought to be well known to all 
the cloth, considering it is nearly a century since he in- 
troduced the following formula : 

Let D=diameter of cylinder in inches. 
S=length of stroke in feet. 
Then 

Pxevs. , 

ar =nominal horse power one cylinder ; 
but as Watt's coefficient is to suit the stroke in feet, and 
**my rule’’ is for inches, in order to compare the two, the 
above coefficient must be multiplied by the cube root of 12, 


viz. : 
47 x 2.2894=107 
The two rules will be thus expressed : 


Let D=diameter of cylinder in inches. 
S=stroke in inches. 


DexVvs 

nominal horse power= _ 5 gt a Watt's rule. 
D2? x ¥ 

nominal horse power= "105 Mr. Wilcox’s rule. 


Surely these are much alike. 

A very comprehensive table of nominal horse powers, 
caloulated from Watt's rule, is given in Bourne's “Treatise 
on the Steam Engine.” Taking the examples given by 
your correspondent 27 and 50x33, this table gives 96.25 
nominal horse power. We certainly think that this 
formula of Watt's is a good one, and it is only a question 
of a standard coefficient to make it universal. 

A coefficient of 100 possesses many claims to’favour. The 
standard 100 nomi horse engine on the Tyne is 26in. 
and 50 in. x 33in., and this worked out with 100 as a 
coefficient would give 101 nominal horse power. If this 
standard could be fixed upon there are plunty of enterprising 
publishers who would issue a sheet list for office use, that 
could be referred to by shipowners, shipbuilders, and 
engineers alike. This would prevent many of the dis- 
appointments and misunderstandings that occur between 
these gentlemen. Although Watt’s formula anda standard 
coefficient would dispose of the engine, there still remains 
the most important question—the boiler, the real source of 
power. 

This does not seem to trouble your correspondent very 
much, as the only allusion he makes to it is, “I find boiler 
power to be about the same in most jobs,”’ whatever that 
may mean. If we take a case, say, ten expansions 80 lb. 
pressure absolute, temperature of feed 100 deg. Fahr., that 
1 Ib. of coal will evaporate 8 lb. of water, and that 2 square 
feet of effective heating surface is necessary to absorb the 
heat given out by the combustion of 1 Ib. of coal, and allowing 
15 Ib. of coal to be burat on 1 square foot of grate per hour, 


surface, .147 square feet of grate surface, and will consume 
2.2 Ib. of coal per hour. 

If we take the ordinary indicated horse power of an 
engine at four times the nominal the proportion will be that 
each nominal horse power will require 17.72 square feet of 
heating surface, .588 square feet of grate surface, and 
8.8 1b. of coal per hour. 

These proportions agree very nearly with those given by 
Mr. Jaffrey in your issue of March 22nd. 

We have no doubt that boilers designed with these pro- 
portions and facilities for cleaning tubes and interior 
generally would give satisfaction. 

We now come to the diagrams given by your corre- 
spondent, but as he omits to give the following information, 
viz., consumption of fuel, displacement and speed of ships, 
they are'practically worthless ; as you have published them 
we beg to call your attention to diagram A’. If the right- 
hand card is measured with a scale of 60 1b. to the inch, it 
shows an initial pressure of 74lb. above the atmosphere, 
or 4lb. above the boiler pressure.’’—‘“‘ certainly this is bad 
to beat.”” Wenext wish jto call your attention to diagram 
marked B'; this is from one of Mr. Jaffrey’s engines “‘ after 
a thorough repair.” The initial pressure of steam 
measured with a scale of 30 lb. to the inch, ‘‘ which is 
marked on the diagram,’’ shows 26}lb. above the atmo- 
sphere, and as the boiler pressure is 58 lb. there is a loss of 
314 lb. between the boiler and the cylinder. Can such 
things be? What was the diameter of steam pipe and state 
of throttle valve? What was the area of opening caused 
by slide valve? Was there any gauze or canvas left in 
steam pipe joint, or an old sack in the boiler stop valve? 
What can the matter be? Happy thought, ‘‘ some one has 
blundered ;’’ that stupid office Ter hes been at it again. 
Will your correspondent kindly throw some light on this, 
or will Mr. Jaffrey furnish diagrams taken before the 
thorough repair? 

The piston speed given by your correspondent varies 
from 219} ft. to 346} ft. per minute. In this respect the 
example given of Mr. Jaffrey’s engine will compare very 
favourably, viz., 384 ft. per minute. 

We would like to see the vexed question of nominal 
horse power settled on some universal basis ; or better still, 
abolish it altogether, and take the indicated horse power 
as the standard ; would recommend shipowners and ship- 
builders not to accept the power given out on trial trips, but 
to insist upon the power specified to be given out in ordinar 
running with a loaded ship in moderate weather. We think 
this question can be best settled by discussion in your 
valuable columns. 

We are, &e., 


Wass AND Burn. 
9, Queen’s-street, Newcastle-on-Tyne, April 8, 1878. 





To THe Eprror or ENGINEERING. 

Srr,—In your issue of 22nd of March, nominal horse 
power, amongst cther subjects of equal importance, is 
brought before your readers by an engineer of some experi- 
ence as a designer of marine engines, not only on the Clyde 
bat in the North of England, and at the same time a 
gentleman who from time to time has given the readers of 
our journal the benefit of his experience by articles and 
illustrations. His opinion of the engines in our Navy is 
not very favourable, and no doubt there is some truth in 
his sweeping assertions, as I am afraid some of the crack 
ships in the British Navy would stand a poor comparison 
if put alongside our merchant steamers in the Atlantic 
trade, making eleven voyages per annum from Liverpool to 
New York. There is no doubt but the well-organised 
steamers of the commercial marine of our country are 
much abler to do hard service than the steamers in the 
Navy, and why should this be so? Perhaps the same 
margin of safety is not attended to, as the merchant 
service have a Board of Trade to contend with, and that 
Board controlling everything on board a steamer, even 
down to water-closet soil pipes. It is a mystery to many 
why so many mishaps befall our Navy, but to many it is as 
great a mystery they survive even a short full speed trial. 
Surely all this will be cured some day, and that will bring 
with it more room for the engines and boilers, and less 
complicated machinery. In the same article the merchant 
steamer trial trips are spoken of as not beac f very 
honourable in some cases ; this the shipowner could easily 
get over by stating the sizes of vessel, engines, boilers, 
&c., in detail, and take the vessel when finished without 
any horse-coupering on trial trips. This is done by the best 
steamship lines in the kingdom, and the speed wanted is 
maintained at sea for years. 
In your journal of the 5th of April there appears a letter 
on the subject of nominal horse power, and a formula given 
for finding the nominal horse power of engines, and the 
writer of it says he could give you cards of all sorts of 
engines up to 2600 indicated horse power ; this may be true 
enough, but if they serve no better purpose than his 
formula, it is as on you have been spared the expense of 
producing them, and your réaders the painful task of 
mr over them. If Mr. Wilcox will try his 105 formula 
with increased strokes, he will find it useless; take for in- 
stance a pair of screw engines recently made by Messrs. 
Blackwood and Gordon on the Clyde, with cylinders 26 in. 
and 52 in. by 57 in. stroke— 


26° +522x¥ 57—193 nominal horse power. 
105 
Take the same cubical contents of cylinders, but make 
them 36 in. stroke, the nominal horse power is brought up 
to about 166. Again, take a pair of screw engines by 
Messrs. J. and G. Thomson, of this city, cylinders 28 in. 
and 56in. by 60 in. stroke— 


O22 4 Kee ry; 
28? + 56? x /60_ 146 nominal horse power. 











and the amount of loss from all causes is 45 cent., then 
ective heating 


oneindicated horse power will require 4.43 0f 


105 


Take the same cubical contents of cylinders, but make 
them 36 in. stroke— 


al 
36? + 7 C3. 96 _ 298 seminal horse power. 


_ Surely this is enough to show Mr. Wilcox that his rule 
is of little use with the strokes of the present day if in- 
tended as a guide to buyers, sellers, or makers ; but I do 
not think an engineer will make a pair of engines with 





cylinders 28 in. and 56in. by 60in. stroke at anything less 
than a price for 200 nominal horse power. S there 
is something wrong with his formula, or I do not f com- 


prehend its meaning. 
I am yours very truly, 


CHIEF ENGINEER. 

Glasgow, April 9, 1878. 

P.S.—Mr. Walcox should carefully analyse the difference 
of the eube root of 24in. stroke engines and, say, 60 in. 
stroke engines, and consider its unimportance as an element 
the way he has brought it to bear on the equation, when 
the erence is so much in cubical contents, so that he 
md be able to give your readers something reliable next 

ime. 





To THE EpITorR oF ENGINEERING. 
Srr,—Beneath you have extracts from Mr. Jaffrey’s 
letter to you of 22nd March compared with his evidence in 
the Court of Session : 
Mr. Jaffrey as a Correspon- 
Mr. Jaffrey as a Witness. . at 
** The rule now is to square 
the diameter and divide by 
=. 
** That rule was arrived at 
in 1867, when we had a con- 
ference at Newcastle to de- 
termine as to nominal power 
for buying and selling. 
Since then, so far as I know, 
it has been all but univer- 
sally followed on the Clyde 
in buying and selling.”’ 


**During January last I 
was twice at the Court of 
Session attending trials held 
upon this point, viz., what 
is a nominal horse power 
and how is it defined ? 

**TIn my investigations in 
order to give an answer, I 
found there are no less than 
ten rules published, each 
differing from the other in 
their formula, besides other 
methods adopted by engi- 
neers from their own ex- 
perience of data obtained 
from a former ship and en- 

es.”” 

*“Why then should an 
article of so much value as 
marine and other engines be 
without a standard value ?”’ 

“Below I give you a list 
of rules which have been 
ublished from time to time, 
at not one of them is of 

. : — value.”’ 

Will Mr. Jaffrey kindly explain the above apparent dis- 

crepancies ? 
Yours truly, 
H. K. W. 

[If “H. K. W.”’ will first point out the ‘‘ apparent dis- 
crepancies’’ he refers to, it may assist Mr. Jaffrey in ex- 
plaining them.—Eb. E.] 


STRENGTH OF BOILER FLUE TUBES. 
To THE EDITOR OF ENGINEERING. 

Srr,—After more than one attempt to arrive at a satis- 
factory rule for the collapsing strength of tubes, the only 
conclusion I can come to is that the laws which determine 
this collapsing strength are quite as numerous and even 
more complicated than the laws for the resistance of long 
columns, and are very little understood. 
With solid drawn tubes of copper, brass, wrought iron, 
and steel, where the ratio of thickness to diameter is not 
much less than 35, the tube will first fail by the crushing 
or crippling ot the material. The resistance to external 
pressure will be inversely as the diameter, directly as the 
thickness of the tube, und will'not be dependent upon the 
length. In old tubes, where the uniformity of thickness 
and resistance is disturbed by the wasting of the material, 
the resistance to collapse will be governed by another law, 
the effect of which wil be more appreciable as the tubes 
increase in diameter. 
In larger tubes, with lap-welded longitudinal seams of 
average make, where the ratio of thickness to diameter is 
sy,and under, local distortion and want of uniformity 
exist when the tubes leave the makers’ hands, and failure 
will commence through the tendency of the pressure to 
increase this distortion. In such cases the resistance to 
crushing of the inside of the material is scarcely brought 
into play: As soon as the distortion becomes appreciable, 
which it frequently is in the new tube to begin with, the 
weak portion of the tube, by which the strength of the 
whole must be measured, is like an arch with unstable 
abutments, and supported by a stronger arch on each side. 
On further distortion the arch becomes a beam, having its 
axisathwart thetube. The collapsing strength will now be 
determined by the resistance to deflection, but this varies 
from ordinary beams inasmuch as the distance between 
the points of supports increases as the deflection becomes 
greater. The resistance to deflection is assisted by the 
resistance of the material acting as an arch on each side, 
or fore and aft of the weak portion along the tube. As the 
flattening increases the power of resistance diminishes, 
and, at the same time, the continual alteration of form 
favours the action of the pressure to increase the distortion. 
The centre to which the resultants of the collapsing forces 
converge,and which, at the commencement of the collapse, 
is inside the tube, graduall sses to a point outside. As 
total collapse is cusventhel the weak portion is probably in 
a state of tension, both transverse and longitudinal, in- 
stead of being in a state of compression, as is sometimes 











assumed. In practice the distortion continues till it is 














Aprit 26, 1878.] 


ENGINEERING, 


337 





arrested by the two sides coming together ; by one or both 
meeting with an obstacle; by the pressure not being suf- 
ficient to overcome the longitudinal tension; or, by the 
tube rending transversely and liberating the pressure. 

Now, I would ask, through all these conditions 
of resistance when is the “‘ moment of collapse’’ sup’ 
to have arrived that is sometimes spoken of? Until this 

int is settled there is no possibility of arriving at a rule 
for the collapsing resistance of tubes by theoretical 
methods. It is evident that when destructive distortion 
once commences, the laws that govern the power of 
resistance are continually changing, and are even more 
difficult to define than those for an elliptical boiler shell 
subject to internal pressure. 

airbairn’s experiments showed that the resistance to 
resist complete collapse varies as the square of the thick- 
ness (t?=t¢xt) or thereabouts. The fact of transverse 
fracture frequently taking place when a tube collapses 
completely would appear to show that the longitudinal 
tension should be credited with at least one of the factors 
txt. Atthis rate there would remain only one factor ¢for 
the transverse resistance of the tube, which would be suf- 
ficiently accounted for by assuming the tube to be in a 
state of transverse tension also. 

This reasoning looks very like a reductio ad absur- 
dum of Fairbairn’s celebrated rule, and will, doubtless, 
be received as a very sorry joke by mathematicians. — 
this case it will be less fortunate than Professor Unwin’s 
ingenious paper which appears in the P. i gs of the 
Institution of Civil Engineers for 1875-6. In that paper 
it is attempted to show that ‘‘the metal of the flue is 
in the same condition as a straight column of length wd 
subjected to a compression of the same intensity.’’ The 
strength of flues is then investigated by the well-known 
laws of resistance of long columns, and it is quite surprising 
to find how remarkably the two laws are made by the aid of 
figures to suit each other. 

It is, however, difficult to me to see how the laws that 
govern the strength of columns can have anything in com- 
mon with those which govern the resistance of tubes to 
collapse. Inthe first place, a certain force will bend a long 
column of wrought iron or soft steel, but it takes a greater 
force to break it ; whereas in a large wrought iron or steel 
flue tube a much less force is required to complete the col- 
lapse, at least up to a certain point, than is necessary to 
commence it. In the second place, it is assumed in the 
paper that ‘‘ the collapsing strength of the tube must depend 
on the number of arcs into which the tube divides at the 
moment of collapse.’’ Now a little consideration, with the 
aid of the theory I advanced in my last letter, will suffice to 
show that the converse of this is the case, and that the 
number of arcs into which the tube divides depends upon 
the collapsing pressure. 

The reasonableness, generally speaking, of the laws of 
resistance of long columns obtains for them a ready accept- 
ance by all who understand the reasoning on which these 
laws are founded, but I, for one, fail to see the reasonableness 
of their application to the resistance of flue tubes. 

The results of this ingenious investigation of Professor 
Unwin is not likely to be productive of e to life or 
limb, which is, however, more than can be said of the con- 
clusion to be gathered from the results of Mr. D. K. 
Clark’s investigation of the strength of flue tubes as given 
in his valuable collection of tables and rules for mechanical 
engineers. No less than four formulz are there given for 
the collapsing pressure of tubes, but in none of these does the 
element of length enter, and the section concludes thus :— 
‘The influence of length of flue tubes is an uncertain 
element.’’ However uncertain an element the length may 
be in one sense, it is very certain that the practice of makin: 
furnace tubes in lengths of 3 ft. instead of 7 ft. and 10 ft. 
has been the means of saving many lives and much property. 
There are many cases every year of furnace-tube crowns 
coming down and ending in a partial collapse without frac- 
ture or further injury, in consequence of the distortion 
being arrested by the resistance to longitudinal tension in a 
3 ft. length of tube, whereas with a length of 7 ft. the dis- 
tortion might have ended in fracture and consequent 
disaster before the coming down of the furnace crown could 
be arrested by the longitudinal tension or by the fire-bars. 
Mr. Clark mentions that the value of fortifying the tubes 
by intermediate rings is now thoroughly unders ; and 
strange to say he totally ignores this value in the rules he 
gives, or perhaps more correctly, gives no rule in which this 
value is taken into account. 

Fairbairn’s rule for the resistance to total collapse has 
done good service for many years when applied to long tubes 
working at from 40 lb. to 60 lb. pressure with a factor of 
safety of only 3, and to short lengths of tubes at higher 
pressures, where a supposed but quite imaginary factor 
of safety of from 8 to 12 has been reckoned upon. 
It is beyond question that Fairbairn’s rule is not appli- 
cable to the resistance to distortion of tubes of 3 ft. 6 in. 
in diameter and over, for a pressure of 120 1b. which 
are likely to be required shortly, and due credit should 
be given to the engineers of the Board of Trade for 
——- this in framing their rules. 

.A fresh series of experiments on flue tubes of various 
diameters, thicknesses, lengths, and finish, with respect to 
form, and under various conditions of pressure, attachment, 
and distortion, is very much wanted at the present time. 

If you will allow me, I will take another opportunity to 
attempt to point out what objects should be aimed at in the 
next series of experiments, which is pretty sure to be under- 
taken some day. 

. T am, Sir, 7 truly. 

BERT WILSON. 
April 6, 1878. 
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THE ADMIRALTY BOILER COMMITTEE. 
To THE EDITOR OF ENGINEERING. 

Srr,—Your recent article (of April 5) on this subject 
branches out into some remarks regarding the corrosion 
of boilers, upon which I wish to say afew words. 

Before doing so, however, allow me to point out that it 
is the third report of the Committee (and not the first, as you 
say) for which the engineering and steamship-owning public 
are waiting, a ‘‘ prelimi ” and a “second” report 
having been issued by the Committee, as well asa “ re- 
commendation”’ to the Admiralty in favour of a trial of 
tubulous boilers on Mr. Perkins’s 

This third report has, however, been formally before the 
House of Commons for some time, though its final issue 
has been delayed by the Stationery Office until the com- 

letion of the photographs of the many specimens collected 
by the Committee, which will form a very important and 
attractive part of the Blue Book. 

The fact that the report has already been laid upon the 
table of the House, and that the letter-press is'thus within 
the reach of members of Parliament, is enough to show 
that members may have spoken in the late naval debate 
from their own estimation of the labours of the Committee 
as measured by their results. 

I do not believe that in these adverse criticisms sufficient 
allowance was made for what you very properly draw 
ous, 
though, under the circumstances, necessary compilation of 
evidence, which after all proved to be almost valueless 
for the purposes of the inquiry. But I think that the 
course followed by the Committee subsequently to that 
a may fairly be questioned. 

The reports show that after (1) poking a series of tests 
of the mechanical properties of iron and steel, numerous 
experiments were (2) carried out on small pieces of metals 
exposed to various corroding agents at different tempera- 
tures, and in some cases under slightly different circum- 
stances ; and that amy 4 a third series of riments was 
commenced to ascertain the actions taking p! in marine 
boilers at work in several vessels of the navy and mercantile 
marine. 

It may be questioned whether the mechanical tests by 
themselves are worth the time expended upon them, or 
whether they. possess any originality or special feature of 
interest entitling them to be distinguished among the 
host of similar tests on reeord. Had they been combined 
in each case with a chemical investigation of the composi- 
tion of the material subjected to mechanical tests, their 
character would have been unique and their value great. 

This remark seems to me to apply to the course 
followed in the laboratory at the Royal Gun Factories at 
Woolwich, where numerous mechanical tests of metals, and 
also analyses and chemical investigations are made daily, 
but the two departments of work are not carried on so as 
bear a relation to each other in the results obtained. 

The second series of experiments alluded to, though un- 
doubtedly very interesting and instructive, may likewise be 
open to question on the score of the wisdom of undertaking 
it while nothing was done to investigate, under the condi- 
tions of ordinary working, the actions taking place in 
boilers at work at sea. This objection derives the more 
force from the fact that many similar experiments had been 
made by several investigators prior to 187 
if not all of the results arrived at by the Committee in this 
series were already available. 

I had the honour of reading a paper on “‘ Boiler Incrus- 
tation and Corrosion’’ before the British Association in 
September, 1876, and I was then able to give the results of 
many such investigations. The conclusions as to the 


% |} sources of various actions which were “sufficient to ac- 


count for most of the corrosion which occurs ’’ in boilers, at 
which I arrived then from an examination of the available 
results of recorded experiments, are precisely those arrived 
at by the Committee from their own experiments. These 
are in the main that in marine boilers worked with surface 
condensers, corrosion may be ascribed to the action of air 
and carbonic acid, to the chlorine or hydrochloric acid set 
free by the decomposition of the chloride of magnesium in 
sea water, and in some cases to the decomposition of greasy 
matter, the action being intensified by high temperature 
and pressure. 

The demonstration of the very important fact of the pre- 
servative action of zinc, which the Committee have been 
able to reach by some of the results of this series, is however 
of itself enough to justify them in having undertaken such 
an investigation, and no one will deny the completeness of 
the results of the series considered by itself, or the elaborate 
care with which they have been recorded. 

The results of the last series of experiments or investi- 

tions which are being carried out in steamships at sea are, 
in consequence of the late date at which this one was com- 
menced, not yet available. The collection of these results 
is of necessity a work of time, and will involve no small 
labour ; and as they are likely to open up the real difficul- 
ties which lie in the way of the prevention of corrosion and 
the preservation of boilers, the most important part of the 
work of investigation has now been little more than 
reached. You have put some of these difficulties before us 
in the paragraph in which you say: ‘‘ The difference in 
the nature of the deterioration in boilers running long 
voyages, and in those running short voyages, does not ap- 

r to have been noticed by any of the witnesses, nor 
oes the difference in the nature of the decay of boilers in 
ships on yw stations and those running from home 
ports. Until the nature of such differences has been in- 
vestigated by the Committee, and the causes i 
the means of prevention cannot be recommended to suit 
different cases.’’ 

by Fcc also melee it aes ay yn action of zinc 
and its proper application, i i necessary _ 
Semeie ompizel, desead posh Sette: crutesice 

, . very num 8 ens 
collected by the late Committee, consisting of iron and 


76 ; so that many, 





steel, exhibiting the various characteristic results of cor 


rosion, of boiler crusts and deposits, and of waters ob- 
tained under a variety of circumstances of working, we 
may hope that analyses of these will yet be made and 


published, thus furnishing us with a mass of evidence 
which will be unsurpassed in value and importance. 

I believe that some disappointment will be felt that the 
report does not prove to be richer in that class of evidence 
than it is; and I own to a great desire to see results which 
would exhibit the relation which no doubt exists between 
the effects of mechanical tests of metals, the effects of 
corrosion on them, and their chemical constitution. 

It is also certain that the question of the use of water- 
tube or tubulous boilers in the Royal Navy demands some 
attention. This third report recommends that boilers on 
both the Perkins and the Rowan plans should be tried, and 
as some new conditions of steam pressure and tem ture 
will thus be introduced there is some important work before 
a committee of investigation. 

I am persuaded that many engineers and owners of steam- 
ships will therefore join with you in the desire that the 
inquiry should be ted in an efficient manner. It will 
not do to appear to dictate to the authorities at Whitehall 
as to whom they should appoint to continue the inquiry 
but there are manifest reasons why such an inquiry should 
be conducted by a committee which is not a ital 
one. The results sought for are not confined in their appli- 
cation to the vessels of the Royal Navy, so that it would at 
the least appear to be good policy to insure for the bod, 
making the inquiry such a constitution as would comm 
it to the confidence of those who are outside of the service, 
but ae shown — hea erred - Awe work by 
p eir vessels and their information at the disposal 
fhe Adnivaliy for the public benefit. 

It seems to be -evident, as you indicate, that the 
painstaking and e chairman of the late Committee is 
more likely to know in what way and with what assistance 


the os can best be conducted than any other man whom 
the Admiralty Board could find. 

Your remarks about corrosion are satisf enough as 
a commen’ upon the ‘evidence *’ collected by the Com- 
mittee, but they need revision in the light of the further 


information supplied in my paper referred to and in the 
of the Committee. 

e action of acids, both mineral and fatty, is far more 
certain than you appear to admit, and the alkalinity of 
the water in boilers in which corrosion is proceeding is itself 
the evidence of the existence of actions resulting, as I have 
said, in ‘‘an accumulation in solution of the effect of the 
alkaline ingredients of the sea-water, by decomposition 
and the neutralisation of the acid i ients ; and it is for 
this reason + some have been inted by test- 
ing the water, who had concluded that if corrosion was 
due to the presence of acid substances then the water must 
be acid.’’ —(Boiler Incrustation and Corrosion, p. 34). 

Your remark about the destruction of copper and brass 
surfaces by fatty acids is incorrect. have seen several 
specimens, and some are among those collected by the late 

ommittee, which prove that the action does sometimes 


take =e. 

And if we consider boilers at work, and the large areas 
in the interiors which are often affected by corrosive action, 
which is much more rapid than that which takes place at 
any leak, an explanation which represents this corrosion as 
being equivalent to ‘‘a chronic state of ” being 
maintained ‘‘in the inside,’ is surely too grotesque to 
meet the serious facts of the case. . 

I am, Sir, your most obedient servant, 
Faerp. Jno. Rowan. 
5, Westminster Chambers, Victoria-street, S.W., 
April 15, 1878. 


THE BLAIR PROCESS. 
To THE EpIToR oF ENGINEERING. 
S1r,—Will you allow me to correct the account you give 
of my reply to the discussion on Mr. Blair’s process at the 
meeting of the Iron and Steel Institute (see 274 ante). 
You state, referring to myself, ‘‘ He found that by the 
addition of raw ore poured on to an open-hearth furnace, 
it could be very readily reduced.’’ This is quite unin- 
telligible ; what I said was, “‘If the metal resulting from 
the melting of iron Sponge in a cu was taken and 
po while molten into an open-hearth furnace, the 
addition of a little raw ore would soon reduce the metal 
to steel, and in this way there ought to be no difficulty in 
obtaining six heats from each furnace in 24 hours.”’ 

I should like, if you will allow me, to make a few obser- 

vations on the remarks of Mr. Bell and Dr. Siemens. 
Mr. Bell said, with regard to the Bessemer and Siemens 
ponseneet. they were now brought to such a state of per- 
ection that he had great doubts if any new process could 
compete with them, as the carbon was so easily eliminated. 
What is the fact with respect to the Siemens-Martin pro- 
cess? At present the best-arranged t is only producing 
hours. ioe if six 


three heats from each furnace in 
heats can be got out of each furnace in the same time, 
surely this sys has not yet reached perfection. Why 
is it that at best only three heats are obtained? Be- 
cause of the time taken in melting the pig iron and scrap, 
and afterwards the elimination of the carbon and silicon. 
From experiments made at Landore, there is no saving in 
time effected by melting pig iron in a cupola and running 
it into the open-hearth furnace. My object is to do away 
with the use of pig iron in the open-bearth process of steel 
making, it contains too much carbon and silicon, 
and to substitute instead, iron made by melting iron sponge 
in a cupola furnace, which should be taken the open- 
state—just as the Bessem 








hearth furnace in a melted 
steel makers take it from the blast furnace. This metal, 
from the cupola, will not contain more than 1.5 of carbon, 
and i no silicon. I think there ought to be no 
difficulty by this way of o a charge of steel into the 
ingot every four hours. There , i 
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only about half the carbon of pig iron to eliminate, and 
the amount of silicon is so small it is of no account. 

at oo —— > the plant is very small 

ice pig iron, p is 8 5 
Bar it is a question worth the attention of Siemens- 

steel ers. 
I am, Sir, yours truly, 
J. IRELAND. 
Edward-street, Broughton-lane, Manchester, 
April 23, 1878. 








IRON PERMANENT WAY. 
To THe Eprror or ENGINEERING. 

Srm,—In your last week’s issue I find « letter from Mr. 
Henry Simon, of hester, in which he states that I 
have—in my paper read before the Iron and Steel Insti- 
tute—‘‘ given some statements as facts’ ‘“‘ which are en- 
tirely erroneous and inexact,’’ as to the mileage in 
Europe laid down in Hilf’s system of permanent way. As 
I quoted in my paper my authority, and as Mr. Simon 
does not attempt to place any fresh facts before us, my 
facts remain facts unless they are proved to be otherwise. 

I have carefully gone over my remarks and fail to see 
that I have said anything otherwise than fair and mode- 


rate. 

With to the number of pieces per yard of single 
line. In Journal of the Iron and Steel Institute, 1877, 
No. 1, page 211, will be found a detailed list of pieces per 
yard of track on the Hilf system, and which nearly 
with Mr. Simon’s ‘‘ minor inexactitudes’’ of 13 (being 
13/5), but this list contains one stay bolt, which has eight 
nuts as well as 68 — and nuts (and ; > oy : 
nut is a very importan te piece), the number o' 
separate pieces is quite double that iven, or nearly 27 
single pieces for each yard run of ; this is con- 
firmed by referring to the ‘‘ Atlas of Plates’’ published with 
the Vienna report on the Universal Exhibition. It will be 
therefore seen that in quoting 22 pieces per yard I rather 
under-estimated than otherwise. 

Now as to the aeealty of the applicability of the Hilf 
to curves, Mr. Si ’s remarks run thus: ‘ All 

t| is required is that for each of the several different 
of curves adopted on a railway system, a templet 
with the holes punched according to the line of curve be 
kept in a central depSt where all punching is done, or 
that a number of 4 punched to each curve be ordered 
from the makers.”’ ery indeed. Fancy a breakdown 
between Darlington and Newcastle (with trains running 
every few minutes) upon a s curve and having to 
telegraph 30 or 40 miles to a central depdt for a new sleeper 
and not knowing to what radius it had to be punched! And 
what maker would keep a large stock of differentially 
punched sleepers on for the benefit of a railway com- 


P 

Pe Allow me in reply to these important points to quote the 
few following w from - own “‘ paper’’ when criticis- 
ing Hilf’s system : ‘“‘ With these complications and de- 
fects, I would ask, is it possible that this system can 
favour with engineers, more especially in India, where men 
cannot be educated to the difference of a plan of laying 
down a line ; knowing how necessary simplicity is, I per- 
sonally would not like to undertake it.”’ 

Contrast the above with my own simple cross sleeper 

tem ——- ef one sleeper and two clip chairs (the 

i i uplicates) with the impossibility of their being 
oul wend to gauge, and with only an ordinary wooden 
railway key to fasten the lot together, with a better bear- 
ing surface on the ballast and far greater security, and the 

vantages will be obvious. 

It is a well-known fact that Mr. Hilf, as chief engineer 
of the Austrian railways, has had an hy ow perl of apply- 
ing his own system which few men have before. 

Yours truly, 
CHARLES Woop. 

Tees Iron Works, Middlesbrough-on-Tees, April 22, 1878, 


ROTARY STEAM VALVES. 
To THE Epiror oF ENGINEERING. 

S1r,—I enclose sketch of a rotary steam valve which you 
may perhaps think worth notice in your journal; it is in- 
tended for a pa Ser engine having cranks set to each 
other at an angle of 180 deg. I ieve considerable 
prejudice exists amongst engineers against the use of rotary 
valves for marine p . AsI have never been “ ship- 
mates ’’ with valves of that description I cannot, from ex- 

rience, say anything either for or against them ; but this 

do know, that they are at present, and have for a number 
of , been used on some of the ships of the Williams 
and Guion line with satisf; results, and also, that they 
are the favourite valve ona line of steamers trading be- 
tween this port and Mexico ; indeed, in several of the ships 
of this latter line the original valves (slides) have been taken 
off and the rotary form substituted. With respect to the 
cranks of an engine — —— each other it may be 
said that there is a possibility of the engine getting on the 
centre. Well, there is of course, the Foes, but the 
chance of a well-balanced and well-handled engine getting 
on the centre is so very small, that marine engineers on 
this side of the water, at least, think it hardly worth taking 
into —— ; but ine should in engine get on = centre, 
it can wit per iances so quickly put off again, 
that it woul wether tal little did it occasionally happen. 

The valve, as will be seen by the sketch, is v 
construction ; it is made in two parts, one slidi 
other, so as to allow for any variation in size ca 
pansion or contraction and wear; it is placed between the 
cylinders, one for the upper and one for the lower ports; 
both valves are worked Oy the same eccentric, so that two 
eccentrics (one for pe Sans and one for backing) and 
one reversing link is all the gear required; the cut-off which 
acts quickly, and is momentarily adjustable, is alsoa rotary 
valve, and is worked by the same eccentrics. The operation 





simple in 
in the 


of the cut-off is as follows: the main valve ee pee 
trips or releases the cut-off, which is instantly cl by a 
steam spring, that is, a small piston having the steam 
pressure constantly acting on one side of it, on the return 
stroke of the main valve, and after it has its steam 
ports it has still travel enough left before reaching the end 
of its stroke to open the cut-off; this it does by suitable 
mechanism; the degree of expansion for each end of the 
be therefore be adjusted entirely independent] 
of the other ends when it is necessary to throw both cut-offs 
out of gear, it can be done almost instantaneously, or while 
the engine makes one revolution, by dropping catches so 
arranged as to hold back the pistons which close the cut-off 
valves, thus rendering inoperative the tripping movement of 
the main valve. 





It may be objected that by this plan a cut-off of less than 
half stroke can only be effected; this objection would 
in Ve = be true a ee a it 
will not apply to an ine having high piston speed ; on 
the contrary, it will, T think, be found that though the cut- 
off is y released before the piston reaches its half 


find | stroke, the steam will not be cut off until the piston has 


travelled —— further ; for it must be remembered 
that after the cut-off valve is released, though quick in its 
action, it still takes an —— time to close its port, 
and this at the very time the piston is near its half stroke, 
and consequently travelling at its greatest velocity, but at all 
events, it is a matter of not much importance, for in practice, 
when it is nece to follow more than half stroke, the 
cut-off may as well be thrown ont altogether. As regards 
cutting off by the’main valve in the low cylinder,this must be 
determined by the amount of compression admissible in the 


high. 

The valve of which I enclose the sketch was designed for 
an engine age pe ope 18 in. and 28} in. in diameter 
respectively, with a stroke of 60 in. each, Yo of high-pres- 
sure cylinder 18 in. by 2} in., cut-off port 28 in. by 1 in., pas- 
sage between cylinders 18 in. by 2} in., ports of low-pressure 
cylinder 28 in. by 2¢ in., initial pressure on high piston 
90 Ib. (absolute) cut-off at about quarter stroke and follow- 
ing nearly full stroke on the low piston; this with a 

iston speed of, say, 800 ft. - minute would give about 
horse power to each cylinder. 

For an — built on this plan might, I think, be 
claimed simplicity of construction, and consequent low 
cost; a better balanced engine than it is possible to 
have with cranks set at any other angle; reduction toa 
minimum of friction on the main journals; an engine 
easily handled, and one the valves of which can be taken 
out, examined, and replaced in half the time and with half 
the labour necessary for an engine fitted with slides. 

Asthe valves of an engine of this design could not be 
worked direct by eccentrics on the intermediate shaft, I 
would prefer for this and other reasons to place the ec- 
centrics abaft the bedplate and work the valves through a 
rock shaft ; by this arrangement the eccentrics and link 
would be in a position where they could be much more 
easily examined and better taken care of than if between 
a pair of quick-running cranks and connecting rods ; this is 
7 true of an engine with small diameter of cylinders 
where the cranks are necessarily pretty close together. 

In case of a breakdown to either of the cylinders or 
their connexions it may be seen that this valve is still quite 
capable of effectively working the other cylinder. Te 
pose, for instance, the intermediate shaft should break, or 
the crankpin or connecting rod of the high-pressure cylinder ; 
it would only be necessary to block the piston at stroke, 
the steam would then be expanded six times without using 
the cut-off at all, the ratio of the cylinders being as 1 : 2}. 
The cut-off could, however, of course be used as before if 
wanted. Should piston, piston rod, or either head of high- 
pressure cylinder be broken, it would then be necessary to 
take out the high pressure piston, block up the ports and 
remove the sliding port from the valve, the remaining 

would still be an efficient valve for the low pressure cylinder ; 





in case of a breakdown to piston, piston rod, or connecting 
rod of low-pressure cylinder, the piston would be taken out, 





piston rod, stuffing boxes plugged up, and cover put down 
again ; the cylinder then becomes practically an addition to 
condenser, and the high-pressure cylinder an ordinary 
le-cylinder condensing engine. 

I have also designed on the same principle a slide valve 
—it is a long slide, or rather two long slides placed back 
to back the cylinders, the passages through which 
the high-pressure exhausts into the low are made with ex- 
pansion —_ so as to admit of each valve adjusting itself 
to its cylinder face ; to make these valves balan they 
are connected by levers, which are operated by small pistons 
opening into the exhaust cavity of the low-pressure cylinder 
valve ; the tendency of these levers is to draw the valves 

her, but the levers and pistons are so proportioned as 
only to counterbalance the greater part of the steam pres- 
sure, leaving sufficient unbalanced pressure to keep the 
valves up to their work ; the cut-off valves are plain slides 
working on the back of the high-pressure cylinder valve ; 
they are driven by an eccentric and varied by right and left 
hand screws. 

Very y: 

W. E. CaRLize. 
New York, 59, Broad-street, March 22, 1878. 








CORMACK’S STOP VALVE. 
To THE EpiIToR oF ENGINEERING. 

Str,—I enclose sketch of a stop valve made several 
years previous to the time mentioned by your correspon- 
dent, R. Matthews, suitable for passing steam in both 
directions, and which embraces the same object as that 
shown by Mr. Cormack in your issue of 22nd March. I 
quite agree with Mr. Matthews that the principle cannot 
be claimed by Mr. Cormack as his invention. 
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The single arrow on sketch chows the usual direction of 
the steam, but sometimes the steam travels in the opposite 
direction when the valve is fixed in a main range of steam 
pipe as a separation valve. 

I am yours truly, 
C. THompson, Engineer. 

Albert Hill and S oe Iron Works, Darlington, 

pril 3, 1878. 





THE SAND-GLASS. 
To THE EDITOR OF ENGINEERING. 

Srr,—Having recently spent several days in London, 
I had the pleasure of attending, either as a member or as 
a visitor, several of the societies that meet for discussion 
on engineering subjects. 

I do not propose to offer any remarks as to the character or 
length of the papers brought forward, but I may say that I 
was much struck by the fact that no matter what was the 
subject of a paper, or at what institution it was read, the 
same speakers rose day after day, and night after night, 
to offer their remarks. A _ reference to the last few 
numbers of your journal will bear me out in this. More- 
over, these speakers, being for the most part men of high 
standing in the profession, did not deem it necessary to 
study that brevity of expression which is well described 
as “‘speaking to the point.’’ One might suppose that 
some of them deem it a point of honour to let no subject 
pass without a dissertation of ten or fifteen minutes con- 
sisting of facts sometimes relevant, sometimes irrelevant, 
but for the most perfectly well known to their hearers. 
Those of your readers who were present at any of the 
meetings alluded to, and who will take the trouble to 
com the speeches as delivered with the much improved 
versions after condensation by the secretaries of the in- 
stitutions, or the reporters of the public juurnals, will, I 
think, acknowledge this. 

I venture to suggest that the adoption of a sand-glass, 
and the limitation of all speeches to, say, five minutes 
in length, would bring about an improvement in this 
matter. An additional five minutes could always be 
granted by a show Of hands, should the speaker have some- 
thing really interesting to communicate. Moreover, the 
early speakers, by confining their remarks to one or two 
eee would leave other points unobscured for discussion 

y subsequent speakers. ,; 
I remain, &c., 
A LISTENER. 
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SINGLE AND TWIN SCREWS. 


On the Comparative Efficiency of Single and Twin-Screw 
Propellers in Deep-Draught Ships.* 
By Mr. W. H. Wuire, Assistant Constructor of the Navy, 
Member of Council. 

THE main purpose of this paper is to place on record the 
facts respecting the steam trials of deep-draught twin-screw 
ships of the Royal Navy, and tocompare their performances 
with those of similar. ships propelled by single screws. 
From this comparison it may be possible to deduce some 
measure of the relative efficiency, as a of single 
and twin screws; and the discussion will probably have 
a practical interest for shipbuilders and shipowners 
generally. 

The opinion appears to be generally entertained that in 
deep-draught ships it is preferable to employ a single screw, 
because any assigned speed can be attained with a smaller 
engine-power than would be required with twin screws. 
This opinion is based rather upon @ priori reasoning than 
on actual experience ; very few trials having been made 
with twin screws in deep-draught merchant ships. Moreover, 
recent experience with ships of war points in the contrary 
direction ; and, after a careful analysis of all the facts 
which I have been able to collect, my clear conviction is 





similar that their total resistances for any assigned speed 
will bear the same ratio to their frictional resistances, the 
possible difference in the co-efficients of friction for copper 
a iron being neglected. 

these ships attained speeds approaching 14 knots ex- 
cept the Vanguard, which nearly reached 15 knots on her first 
trial. In order to make the comparison more exact I have 
estimated the horse-power required to drive all the ships 14 
knots, assuming that the resistance varied as the cube of 
the speed within the limits of calculation. This is rather 
below the true law of variation, and somewhat favours the 
single-screw ships ; but accepting the results, the relative 
economy of the single and twin screws will appear from the 
following figures : 


Mean Value. 
For single-screw ships ... .249 1.HP per square foot of 
wetted surface. 
For twin-screw ships’... .226 ditto. 


Being a clear gain of 11 per cent. in favour of the twin- 
screw ships. 

It may be objected that the Table discloses very marked 
differences between the performances of the sister ships 
Swiftsure and Triumph, or between those of the Van 
and Iron Duke, or even between the load and light trials of 
the Vanguard. There is doubtless force in this objection, 























that in vessels of deep draught and large engine-power twin 
screws have hitherto proved to be more efficient propellers 
than single screws. 

Before proceeding to give the principal data upon which 
this statement is based, I would remark that although trials 
on the measured mile may not com in scientific 
accuracy with experiments like those conducted by Mr. 
Froude, yet the broad deductions from a large number of 
such trials may be trusted. Recorded performances on the 
measured mile include in one result the net resistance of 
the ship, the augmentation of the resistance due to the 
action of the propellers, the efficiency of the engines, and 
that of the propellers; errors of observation, the influence 
of tides cr currents, and many other circumstances must 
also be guarded against. It is unquestionable that a separa- 
tion of these items in the performance, and an analysis of 
each is the process likely to yield the greatest benefits, and 
to secure a just appreciation of the real causes of good or 
bad performance. It is not easy, however, to arrange ex- 
periments which shall correctly indicate the value and 
tendency of each of these constituent parts, as well as 
eliminate disturbing influences ; and for our present pur- 
pose it must suffice to have recourse to the results of care- 
fully-conducted measured-mile trials, like those to which I 
now invite attention. 

Table I. contains the particulars of the steam trials of 
two single-screw ships, and three twin-screw ships, all of 
which are of equal length.| The single-screw ships are 
sister ships, so also are the other three vessels; and there 
is a great similarity in form between the two types. Figs. 1 
and 2 illustrate the differences of form so well that only a 
few words are needed in further explanation. The Swift- 
sure and Triumph have their iron hulls sheathed over with 
wood, and are copper bottomed ; the Tron Duke and her 
sisters have iron bottoms. The Swiftsure is of deeper 
ey to admit of the single screw, and Fig. 1 shows 
that her midship section differs from that of the Iron Duke 
chiefly in having a greater rise of floor, and in being wood 
sheathed. Fig. 2 shows the load water-lines of the two 
types, and also water-lines 10 ft. below the load lines ; from 
these it will be seen that the Swiftsure type is somewhat 
fuller than the Iron Duke, especially in the fore body. 
This greater fulness, no doubt, causes some increase in 
resistance ; but against it may be set the fact that the two 
single-screw ships have the advantage of bottoms, 
whereas the twin-screw ships have iron ms (with a 
probably greater co-efficient of friction) and have the 

‘drag”’ of the shaft tubes with their supporting struts. 
On the whole, therefore, it appears fair to suppose that when 
the two types are driven at equal speeds they will experience 
resistances approximately proportioned to the area of their 


wetted surfaces. This assumes that their forms are £0 





* Paper read at the nineteenth session of the Institution 
of Naval Architects. 
_ tA fourth ship, of the Iron Duke class, the Audacious, 
is 0 nitted from Table, becaus> her zine-shea 


thed bottom 


throws her out of comparison with her sisters. 











wr knots 


n 
Speed of 
which in reality only amounts toa confirmation of the 
views expressed above respecting the results of the measured- 
mile trials. But if the best performanee of the single- 
screw ships is compared with the best for the twin-screw 
ships, the he gy (light) —_ 19 per cent. upon the 
Swiftsure ; or if the Triumph is compared with the Iron 
Duke, there is a gain of 8 per cent. in favour of the least 
successful twin-screw ship. In this last comparison both 
ships have Griffiths’ screws ; but the Iron e would 
certainly have done better had the pitch of her screw been 
in , its revolutions diminished,-‘and the waste work on 
frictional and other resistances reduced. Hereafter I shall 
give facts supporting this conclusion ; it is worth addi 
that the performance of the Iron Duke is almost identica 
with that of the Swiftsure, in spite of her much greater 
speed of piston and propellers. 

t. —o of this com om it eo ta ce game all 
these ships have engines of the same imple engines 
with horizontal cylinders ; thea weight of machinery, 
poe eee we for the single-screw engines, was about 2.9 ewt. | 


per in 


about 3 cwt. 
Table II. comprehends the performances of a number of 
first-class masted iron-clads, and although there are much 


ter dissimilarities in forms, size, ratio of 

th, and ¢; of engines than occur in Table I., it 
will be possible to obtain some kind of comparison be- 
tween the single and twin-screw ships.* The figures in 
the Table expressing the ratio curved surface of bottom — 


aoe Aine, Soaks sean Se Om I am in- 
debted to the kindness of Mr. E. J. , C.B., M.P., 
that vessel having been tried before her purchase by the 
Admiralty. She is now named the Neptune. 





icated horse-power ; that for the twin-screw engines | #®compan 





(displacement) $ show that there is a considerable resem- 
blance between the forms of the different vessels ; but it is to 
be remarked that the differences of form are, on the whole, 
decidedly adverse to the twin-screw ships. the single- 
screw ships, and the Captain, were fitted with simple sur- 
face-condensing engines; the Alexandra and Temeraire 
have compound engines. All the ships have Griffiths’ two- 
bladed screws, except the Alexandra, which has a Mangin 
screw. These differences between the engines and pro- 
pellers, as well as the forms and proportions of the ships, 
of course affect the performances ; but they can scarcely 
be considered to account wholly for the very different 
e diture of power in the single twin-screw ships. 

‘o facilitate comparison all the ships have been assumed 
to be steaming at a uniform spell of 14.6 knots: the 
nemnasnet sree atm that speed has been estimated 
from the measured-mile data on the hypothesis—known to 
be a fair assumption—that the resistance varies as the cube 
of the speed, within the limits of speed considered. Fur- 
ther, I have stated the ratio of these horse-powers to the 
total wetted surfaces—including bottoms, keel, bilge-keels, 
shaft-tubes, struts, &c.; and, on the whole, this is the 
fairest measure of the expenditure of power. But it must 
not be overlooked that this measure against the twin- 
screw ships; for the added resistance due to shaft 
tubes and struts is undoubtedly greater than the mere 
frictional resistances of the surfaces of these adjuncts, and 
further in the case of the Alexandra and Temeraire, which 
are fuller formed rT than any of the others, the ‘‘ wave- 
making ’’ element of the resistance will, in consequence. 
be proportionably ter than it is in the finer ships. 


When the ratio ™ icated _horse-power is used as above 


wetted surface 

explained, it is really assumed that the total resistances of 
all the ships compared vary with the frictional resistances, 
which is not strictly true, and which tells particularly 

inst the Alexandra and Temeraire. Com ring the 
Alexandra and Temeraire with the Hercules, Sultan, and 
Monarch, the differences of form are indicated by Figs. 3 
and 4. Fig. 3 shows the load-line sections. Fig. 4 the 
forms of the water-lines at mid-draught, and, on inspec- 
tion, the preceding statements as to the greater fulness of 
the twin-screw ships will be found to be amply justified. 

The Alexandra, Hercules, and Sultan are of the same 
length, but the first-named ship is 4 ft. 8 in. broader than 
the other two. Yet she gains 134 per cent. upon the 
Hercules, and more than 30 per cent. upon the Sultan, in 
the expenditure of power, m as described above. 
The Temeraire is 40 ft. shorter and 3 ft. broader than the 
Hercules or Sultan, yet she gains nearly 8 per cent. upon 
the Hercules in her expenditure of er, and 26 per cent. 
upon the Sultan. The Monarch is a long fine ship as 
compared with the Alexandra, yet the latter requires rather 
less expenditure of power in proportion to her wetted sur- 
face; and even the Temeraire, 50 ft. shorter and 5} ft. 
broader than the Monarch, is only 4 per cent. in excess of 
that ship in her expenditure of power. Whatever may be 
the relative efficiencies of the simple and compound 
engines, it is obvious that this remarkable economy of 
power in the recent ships must be largely the result of 
the use of twin-screws. 

In comparing the Temeraire and Independencia, a few 
preliminary observations must be made. The Indepen- 
dencia is a somewhat finer ship, and narrower in proportion 
to her beam. She has a coppered bottom, whereas the 
Temeraire has a zin bottom, painted over before the 
trials, but probably inferior in smoothness to the copper. 
In the Independencia there are no bilge keels, but in the 
Temeraire deep bilge keels, as well as the shaft tubes and 
their anaperting struts, add to the resistance, and probably 
add considerably to it. Yet the Temeraire gains no less 
than 26 per cent. upon the Independencia in her expenditure 
of power. The performance of the latter ship will be seen 
to be almost identical with that of the Sultan. 

Further, compare the Captain and Monarch—the former 
has somewhat the advantage in fineness of form, but 
against this advantage must be set the drawbacks of the © 
shaft tubes and struts. In this case the engines and 
screws of both ships are of similar type; the gain in ex- 
penditure of power is about 5 per cent. in favour of the 
Captain, even when compa with this exceptionally 
economical single-screw ship. 

The ormance of the Relicoeben, considering her 
relatively small size, is very good indeed, but not equal to 
that of the shorter and bluffer Temeraire. The Bellero- 
phon gains relatively to the Hercules and Sultan, not 
merely because she is rather more finely formed, “bnt 
because she bas a screw of equal diameter, although her 
engines develop about 25 cent. less power. This fact 
suggests the further consideration that since the extreme 
draught of warships does not exceed 27 ft. or 27} ft., there 
must be considerable difficulties in the way of securing 
economical performance with single screws in cases where 





the indicated horse-power has to reach 8000 horse-power or 
upwards, unless the general practice in ioning the 
diameters of screws to the indica horse-power is 


entirely departed from. Increased s of screws 
of pistons are, of course, possible, but they have their 
mpanying difficulties and drawbacks; and it seems 
probable that the marine engineer will have to exercise his 
skill in devising new types of engines, if the single screw 
is to hold its in competition with twin screws, The 
latter plan enables an ample diameter and disc area of 
screw-propellers to be obtained for the highest amount of. 
engine Eyed likely to be employed, without exceeding the 
limits of draught named above, and without any extraordi- 


nary speed of pro pistons. 

In Sesinting these remarks on Table II., it may be 
worth mention that if the various differences specified 
above are di ed, and the mean values obtained for 
the ratios of indicated horse-powers to the wetted surfaces, 
they as follows :— 














































































































ENGINEERING. [Aprit 26, 1878. 
TABLE I. | Taste III. 
~- | Sree Screws. | Twin Screws. — Single Screw. | Twin Screw. 
MF —_ a 

Name of ship .. Swiftsure | Triumph | Vanguard { Vanguard | | Envineible. Iron m Behe. || Name of cay St. Laurent Washington 

Length between perpendiculars 280 ft. | 280 ft. 280 ft. 280 ft. | 280ft. 280 ft. Length we 345 ft. 

Breadth extreme... 55 ft. 55 ft. 54 ft 54 ft 54 ft. 54 ft. Breadth . one 42.8 ft. 

Mena a drsinght on total .| 24 ft. Ob i in. | 25 & 7 7 in. 22 ft. 6 in 21.0 ft 21.0 ft. 21.0ft. me a draught on trial... 18.11 ft. 17.81 ft. 

splacement in tons F 6076 | 5563 5563 | Displacement, in tons 4445 4474 

Area of immersed midship-sec- | Area of immersed mid- 

tion ... . eqn. ft.) 1140 1186 1077 996 996 996 | shipsection ...sqr. ft. 642 645.8 

Area of wetted surface «.-sqr.ft.| 22,120 | 22,620 (| 21,750 20,850 20,850 20,850 || | : 

Character of bottom .. ‘ Coppered | Coppered | ink Iron, clean painted aie. ' { —— : f Griffiths, 
g [Description Grifiths | Grifiths | Mangin | Mangin | Mangin | Griffiths | forwards straight 
3 Number of blades on each 2 2 4 ~ § 2 - Number of blades on 
2 Area of aera aed blades, sq. fi. 137 137 } 304 209 = each ea = 4 3 
5) Diameter ... 20ft. | 20ft. | 16 ft. Qin. |.16 2 in. Gf 2in. | 164. in. &.| Area of surfaces of 
&) Pitch .| 24 ft. Gin. | 24 ft. Gin. | 20ft. 9im. | 20 ft. Din. | 20ft. 9fin. | 19.0ft. || B4 _ blades ...sqr. ft 158 185 
= | Immersion of upper edge ..| 4ft. Lin. | 5 ft. Lim. | 4ft.4in. | 2ft. 10in. | 3ft.5in. 3ft.3in. || , | Diameter ... 17.717 ft. 15 ft. 

& | Aree of propeller disc —_sqr. ft. 314 | (314 412 42 | 412 428 || @ | Piteh -| 22.637 ft. 20.833 ft. 
@ | Revolutions per minute on trial | 68.4 | 67.85 | 72 73.7 co | 3 —" of propeller ay 

81.2 ooo 246 sqr. ft. 353 sqr. ft 
Where tried ect “een Plymouth | Plymouth | Plymouth | Pymouth | Ply: oat Plymouth || Revolutions per 
When tried i se “i Jan. 11, 1872 Mar. 19, 1873 Oct. 15, 1870 Apri i ots Sep. 26, 1870| Aug. 18, 1870|| minute, on trial... 69 78 
Force of wind 2to3 5 2 | 1 | 
State of sea si i” | Moderate Smooth Smooth P dnt A Smooth Smooth ( meesintion.. Horizontal, Inverted, 
di me horsepower |. ...| 4913 5114 5312 5366 | 4832 4789 | g nd geared irect 
of ship, in knots . w-| 18.755 13.522 | 14.076 14.944 14.093 13.855 || ‘jy Number of cylinders 4 
Slip of screws per cent. | 16.79 17.57 | 4.6 1.89 (neg.) 8.99 ig a a 86. bi _ 58 in. 
| roke 4.265 ft. 3 ft. 

ta Indicated horse power 5275 5875 | 5200 4140 4710 4995 
2e { Dist per — feet of wetted ( Where tried Cherbourg Cherbourg 
<3 urface .2385 2507 | .2391 2 |  .2259 2396 | 4 | When ,, ---| Sept. 30, 1866 | April 22, 1868 

£4 In. horse power ...| | 3107 3793 
san * aaa aR on a aaa an | ls of ship, in kts. 14.64 13.83 
| Slip of screws p. ct. 5.2 13.8 
TABLE IL. 
i Apt nai acne ede ele Sail al al = 
_—_— | SIneLe ScREws. | Twin Screws. 

estan a ——| ee iegialasticens ————————— nnnagieniemhnenntipibinnedtpiemnn 

Name of ship... ee whe ee ...| Bellerophon Monarch | Hercules | Sultan —e Captain. a Alexandra. | Temeraire 

Length between perpendiculars ate ene _ cool 300 tt. 330 ft. 325 ft. 325 ft. 300 ft. | Soft. |  S25ft. 285 ft. 

Breadth extreme bes ise nat wal wal 56.0 ft. | 57 ft. Gin. 59 ft. 59 ft. 63 ft. | 53 ft. 3 in. | 63 ft. 8 in. 2 ft. 

Mean draught on trial. = ak ada ese | 23 ft. 114 in. | 23 ft. 84 in. 24.84 ft. 24 ft. 10fin. | 24 ft. Sin. 24 ft. 10in. | 26ft. 14 in. 27 ft. 

Displacement in tons... on ‘ ove sé 7236 8070 8676 8714 8950 7672 9432 8571 

Area of immersed midsbip section — ft. 1188 | 1208 1313 1320 1453 | 1176 1405 1455 

+» Wetted surface . ft.| 25,400 27,450 28,000] 28,140 25,430 | 26,260 29,620 26,900 
» curv a of bottom (exclusive of bilge Keel, | | 
&c.)—(displacement) } ... see 59.6 ft. 61.4 ft. 60 ft. 60 ft. 58.3 ft. 62 ft. 59.7 ft. 57.2 ft 

Character of bottom ... oad ‘de ne oe é oon Iron, clean ‘painted = Coppered Iron, clean painted Zine, - 

int 

Zz ff Description ... Griffiths Griffiths Griffiths Griffiths Griffiths Griffiths Mangin riffiths 
& Number of blades on each .. be oes ous 2 2 2 2 2 + "2 

Area of surface of blades on mach... ci ok cee] 210 254 210 210 136 200 473 263 

€ Diameter ee ‘ ite due she vs] 23 ft. 6 in." 23 ft. 4 in 23 ft. 6 in 23 ft. 7 in. 22 ft. 6 in 17 ft. 21 ft. 20 ft. 4 in 

a4 Pitch . ine ons dso ...| 20 ft. 1 in. 26 ft. 4 in 24.0 ft. 24 ft. 1 in. 23.0 ft. 21ft.8in. | 22ft. 23in. | 22ft. Gin 

| Immersion of ‘upper edge .. ihe ...| 2. Qin. 1 ft. 4 in 1 ft. 114 in 2 ft. 4 in. 1 ft. llin 4 ft. 10 in. 3 ft. 3in. 4ft. llin 

E Area of propeller dise is ...sqr. ft. 434 428 434 398 45-4 692 628 

§ ( Revolutions per minute, on trial... dee see ony 75 63.6 71.5 71.5 70.5 74.3 64.2 73.8 ft 
(Where tried . de ove bee ai pas ...| Stokes’ Bay Stokes’ Bay | Stokes’ Bay | Stokes’ Bay Maplin Stokes’ Bay | Stokes’ Bay | Stokes’ Bay 
a en sat ane bas de ee ins aa - 17, 1866 as. 1869 et ar ——" Feb. 2, 1878 _. Se ee 1877/|Sep. 1%, 1877 

a orce of win * * ese 06 02 2 to oe te) 
~ State of sea ... eco eee Little swell Calm Smooth Smooth aa Smooth Smooth Smooth 
a a, horse power ‘e “ 6521 7842 8529 2 8832 5990 8615 7516 

of ship, in knots eco is 17 14.94 14.69 14.13 14.6 14.24 15 14.65 
stp of screws 0 per cent.| | 4.73 9.65 13.26 16.85 8.75 10.47 6.5 (neg.) 10.5 

. | 
= g Indicated horse power ... | 7350 7151 8320 | 9835 8832 6619 7732 7413 
5 | ad i. per sqr. ft. of wetted — .2894 2651 .2972 | 3495 .3473 2521 .261 2756 











. I.HP. 

For the single-screw ships 
surface. 

For the twin-screw ships -26 ditto. 

Being a clear gain of 18 per cent. in favour of the twin- | 

— This is, of course, on'y a rough mode of com- 


PeThe. " excellent performances of the Devastation and | 
Thunderer on the measured mile furnish still farther evi- 
dence of the efficiency of twin screws. The Thunderer | 
was tried under circumstances of wind and sea which were 
less favourable than those under which the Devastation 
was tried, and this fact probably accounts for the difference 
in their éorformance. ‘Taking the D m’s 





mile trial it appears that the ratio of the ** effective’’ horse- 
horse-power was about 42.5 to | 


wer to the ‘‘ indicated ”’ 
ok rs Ae be remembered _ Mr. Froude fixes 
about as a as corresponling ratio for single- 
screw ships. This indicates about 13 per cent. of gain for 


-31 per sq. ft. of wetaat | 


bout 14} knots, a result ayy very favour- 
ably with those for the masted ships in Table II. But 
there i is every reason to anticipate that even a better result 
will be obtained when the Dreadnought has her deep-draught 
trial, the additional immersion of the screws nenttas es a 
| rule, added to their efficiency in twin-screw s 
| Alexandra, for instance, at her first trial on the Mopline nt at 
| a mean draught of 24 ft. 1 in., with a displacement of 8442 
tons, anda wetted surface of 28,200 square feet req 
| 8489 horse-power to drive her at a speed of 15 knots— 
| 801 horse-power per square foot of wetted surface. At 
| her load-dranght trials (see Table II.) for the same speed 
| the expenditure of power was = -29 horse- ba 
square foot of wetted surface. The corenponding trial 
for the Temeraire showed even a more strikin 
At the light draught the expenditure of power was .295 


of 14.56 knots: whereas at the load-draught the corres- 
xpenditure was .279 horse-power for a = of 


power nn square foot of wetted surface she attained a | 


horse-power per square foot of wetted surface for a speed | 


remarks made thereon. The matter is, however, one well 
deserving inquiry, and will, I doubt not, receive the benefit 
of Mr. Froude’s experimental investigation. I cannot 
refrain from noting, however, that the additional resistance 
incurred in carrying out the shaft-tubes and fixing their 
struts, is evidently more than = eopeceee for by the 
efficient action of the screws in a good run of water 
and well clear of the hull. iets may be the comparative 
“augment ’’ of resistance for twin and single screws only 
experiment can determine. 

One other case that has come to my knowledge bearing 
on the subject, and confirming the nt 1g examples may 
here be noted. The Avni Illah and Muini Zaffer are 
two Turkish ironclads, built by the Thames Iron Works. 
They are practically sister ships, I believe, but the former 
has a single screw, —_ the latter has twin screws. The 
Muini Zaffer is said to have exceeded 13 knots with 2555 
horse-power and a displacement of nearly 2100 tons, with 
force of wind 7; whereas the single-screw Avni Tah only 
reached 12 knots with 2450 horse-power and a displace- 














of single-screw roy ed It is obvious 
ing and sails in 


broad) was driven 13.8 knots Dah 
.235 horse-power per square foot 

with an expenditure of .25 
could have been driven 14 


entrance and oan. 


the Devastation as compared with the average performance 
that the absence of 
mn helps somewhat towards 
ba economy of power: but the twin screws 
great deal more. This vessel (285 ft. lo 


hore omer fe 


tainly remarkable when the full form of the —* . con- 


sidered. The Dreadnought, also, ty light-dra 
did p neayiee well. She is 35 ft. longer an sh in. 
broader than the Devastation, but has virtually the same 


With an expenditure of .27 horse- 


Prana Gah te 


iture of he 
surface ; ome 
foot she 
are cer- 








14, rr nme the screws being immersed 14 in. 2 
than on the first trial. It must be added that part of 
economy of power in the Temeraire was undoubtedly due 
to an increase in the pitch of the screw and to a conseq 
—, in the number of revolutions (from 79 to 74) | ot 13 diene which the Muini 





| ao egal 


uent | 


ment of about 100 tons greater than that of her sister 
the force of wind being 5. 

in displacement, the Avni Illah would have 
robably Mrequired cite 3200 


If the two vessels were 


frogene te rank Oe 


with ita diminution in the waste work of | 2500 horse-power. I am not able to complete the com- 


screw frictional and a ae engine friction, &c 

From the foregoing summary of 

oe 8} ships it may — be 
ve proved more =. 


experience 
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ale-pent we | ait hich a 
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with Her | interesting case, 
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oni aesaeves to be put on record in 
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ype at ote first 


nee, to contradict our 
able III gives the facts, 
eazbted to ‘to Mr. Walter Brock, of Denny 
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Brothers, Dumbarton. It is understood that the two ships 
were practically sister ships ; they were, I believe, built 
and engined by Messrs. Napier. The broad facts of the 
case are as follows: The single-screw ship was driven 
14.64 knots, with 3107 horse-power, whereas the twin-screw 
ship only reached 13.83 knots with 3793 horse-power. This 
is certainly a very inferior performance for the twin-screw 
ship. When the Table is carefully examined, however, a 
very curious anomaly becomes apparent : 

1. The twin screws have an aggregate disc-area more 
than 40 per cent. in excess of; he corresponding area for 
the single screw; therefore one would expect the twin 
screws to have the less percentage of slip. 

2. Instead of having less slip than the single screw the 
twin screws have 13.8 per cent., as against 5.2 per cent. 

Hence it may be inferred that the twin screws were not 
well adapted for their work; and their failure ought not 
to be construed into a condemnation of the use of two 
screws, but rather into an argument against the particular 
form and arrangement of the twin screws in this particular 
vessel. Moreover, it will be noticed that the types of 
engines in the two ships differed 7 and tended to make 
the comparative performances of the ships less trust- 
worthy as a measure of the relative efficiency of single or 
twin screws. This feature was, however, probably less 
aaa than the inefficiency of the twin screws noted 
above. 

It is not at all improbable that the performance of the 
Washington might have been greatly improved had some 
other kind of screw been tried. Several cases might be 
adduced in support of this opinion. The Invincible, for 
example, was first tried with two Mangin screws 16 ft. 2 in. 
diameter, and only 17 ft. 2 in. pitch, and attained a speed of 
13? knots, with 5178 horse-power. Her performance was 
so much inferior to that of the Vanguard, as to lead toa 
careful comparison of the forms and positions of the 
screws in the two vessels, the engines being so similar as 
to leave little room for supposing any important difference 
to arise in connexion therewith. After being fitted with 
other Mangin screws of the same form as those of the 
Vanguard, and placed about a foot further aft than the 
first screws, the Invincible performed as shown in Table I. 
Her gain in speed due entirely to the change in screws, was 
estimated at 6-10ths of a knot; that is to say, with 5178 
horse-power she would have probably reached 14.4 knots, 
and with 4832 horse-power she actually realised 14.076 knots. 
The increased pitch led toa decrease in the number of revo- 
lutions from 81 to 71, and this resulted in a very important 
diminution in the waste work of engine friction, &c., as well as 
of frictional and edge resistance to the motion of the screws. 
With Mangin screws having large blade-areas this is 
obviously a matter requiring careful consideration, and only 
to be settled by actul trial. Reverting to the Table III. it 
will be seen that the Washington has an area of surface of 
her blades of 185 square feet, as against 158 square feet 
for the St. Laurent; and this greater blade-area was 
making 78 revolutions per minute as against 69 for the 
single screw. Here we certainly have a fruitful source of 
** waste work’’ for the twin screws as compared with the 
single screws. 

The determination of the best forms and positions for 
twin screws is a matter which will be largely settled by 
further experience and experiment. It is sometimes for- 
gotten that whereas the single screw has had the great 
advantage of thirty or forty years’ employment and im- 
provement, the use of twin screws is of much more recent 
date, and their employment in deep-draught ships is onl 
now becoming common. It is scarcely to be anticipated, 
therefore, that in all cases an unmixed success will be 
obtained in the first attempt to use twin screws under new 
conditions. This was not so in the Invincible, but the 
cause of inferior performance was discovered and remedied. 
Had the Washington been similarly experimented with her 
performance would doubtless have been much improved. 
The recent trials of Her Majesty’s ship Iris furnish a still 
more remarkable illustration of the foregoing statements ; 
and brief reference must be made to them, although it 
should be understood that the experiments with her pro- 
pellers are not yet concluded. 

The Iris is a despatch vessel, 300ft. in length, 40 ft. 
broad, and 22 ft. extreme draught ; her load displacement 
is about 3700 tons, and the estimated speed 17 to 17} knots. 
For a vessel of her comparatively small size and moderate 
proportions this is obviously an extraordinarily high speed, 
and it was estimated that the engines must develop at 
least 7000 horse power in order that the speed should be 
reached. To secure efficient propulsion, without having 
recourse to exceptional speeds of pistons and propeller, it 
was therefore necessary to use two screws, the draught 
not admitting of a sufficiently large single screw if the 
ordinary practice in proportioning diameter to engine 
power was to be followed approximately, and this arrange- 
ment was essential even if twin screws had been considered 
less efficient propellers. When first tried the Iris had two 
four-bladed screws, each 18}ft. in diameter; the joint 
dise area of the screws was therefore considerably greater 
in proportion to the engine power than is common in single- 
screw ships, and the surface of the screw blades was ex- 
ceptionally large. The results of the trials with these 
four-bladed screws are illustrated (so far as speed and 
power are concerned) by the curve A, Fig. 5 and they were 
certainly Gemppolating. The vessel attained a speed of 
16.6 knots with 7500 indicated horse power and 91 revolv- 
tions per minute. It was then arranged, for e 
purposes only, to remove two out of the four b 
screw, and to make a series of progressive trials, in order to 
see what improvement would result from a reduction in the 
blade area. The curve B, Fig. 6, exhibits the results of 
these trials, and presents a most remarkable contrast to 
the curve A. The highest power developed on this trial 
was 4369 horse power, the,corresponding speed 153 knots 
and the revolutions 89. With the four-bladed screws 


rimental 
es on each 


15§ knots had required 5250 horse power, and 4369 horse 








eae would have sufficed for 14} knots only. It was not 
esirable to press this extemporised two-bladed screw b. 
running at any higher speeds, nor was its form or pitc 
poner | for use as a two-bladed screw. Enough had been 
done to show that the Bao eager of the ship could be 
greatly improved by a modification of her screws, and steps 
are now being taken to supply her with suitable screws. 
What diameter and form of screw will ultimatel 
be adopted is a question to be settled by further experi- 
ments. 

In some of the published accounts of these trials with the 
Iris an opinion has been expressed that better results would 
have been attained with a single screw. This opinion is, 
to say the least, speculative ; for there has never yet been 
a trial with a single-screw ship of the same moderate 
draught, in which ane of equal power have been em- 
ployed. It need not be said that moderate draught is of 
the greatest importance in a rom vessel ; and, accept- 
ing this as a fixed condition, it follows that a single screw 
could not exceed 20 ft. in diameter. Its disc area would be 
314 square feet, and upon this 7000 to 7500 horse power is 
to be applied—a ratio of power to disc area which is, I 
need scarcely say, exceptionally great. Even the torpedo 
vessel Lightning has a disc area of 23§ square feet for her 
relatively enormous power of 400 horse power ; and in the 
Inconstant and Shah screws of 23 ft. diameter are employed 
for from 7000 to 7500 horse power developed. It is clear, 
therefore, that if a single screw had been tried in the Iris 
it must have been associated with conditions in the design 
of the machinery, in the speeds of piston, screw, &c., or in 
the ratio of pitch to diameter, which have never yet been 
tried on such a large scale ; in fact, the trial must have been 
largely experimental. And, even if success had been achieved 
with a single screw, the vessel would necessarily have been 
deprived of many advantages she now possesses in virtue of 
her twin screws. 

The exceptionally fine form of the Iris and the large 
diameter of her screws rendered it necessary to carry the 
shafts outboard for the unusual distance of 50ft. To 
support the tubes through which the shafts are carried 
two wrought-iron struts are fitted on each side, and these 
necessary adjuncts to the hull proper add very considerably 
to the resistance. This fact, of course, tells against the 
twin screws, and some fittings of the kind are unavoidable, 
although further experience may lead to arrangements of 
struts, &c., which will produce less resistance than those 
now in use. As we have no trials of single-screw ships of 
similar form and size with the Iris, an exact comparison of 
her performances with those of such ships cannot be made. 
In all probability, however, if previous practice were 
conformed to in engines and screw, about 16 knots is the 
limit of speed at which ships of the same draught with the 
Iris and having a single screw could be economically driven. 
But, if any such comparison should be attempted at any 
time, it must be borne in mind that the Iris when steamin; 
16 knots, is developing only about two-thirds the f 
power of her engines, and therefore experiencing an un- 
oagy & large percentage of waste work on engine fric- 

ion, &c. 

Although no comparison is possible with another single- 
screw ship, a comparison can be made between the trials of 
the full-sized ship and those made by Mr. Froude with her 
model. It would be out of place to discuss the subject 
here, but I may be permitted to make one statement 
which seems to have considerable practical importance. 
The twin screws, placed well clear of the hull, are excep- 
tionally efficient as propellers, and make the ratio of 
‘* effective’ to indicated horse power much higher than is 
usual in single-screw ships. Mr. Froude fixes this ratio 
at from 37:100 to 40: 100 in good examples of single- 
screw ships. Taking the 15} knots speed for the Iris, it 
appears that if the “‘ effective’ horse power is estimated 
from her total resistance—including shaft tubes, struts, 
&c.—its ratio to the indicated horse power rises to 50 : 100. 
Even if the ‘‘ effective’ horse power be estimated from the 
resistance of the hull only, stripped of these adjuncts, the 
ratio to the indicated horse power is about 38:100. In 
other words, the superior propelling efficiency of the twin 
screws makes amends for the increase of resistance due to 
shaft tubes, struts, &c., and for the exceptionally ape 
proportion of waste work on the engine friction due to the 
engines working at less than full power, even at as for 
which a single screw could work economically under the 
conditions of present practice, on the draught of water of 
the Iris. If the twin screws thus hold their own at s 
up to 16 knots, they will probably do much better than a 
single screw at the higher pond for which the Iris is 
designed, when 50 per cent. more power is to be put upon 
the screws than is required for 16 knots. The further trials 
of the ship will be watched with interest by all connected 
with the construction of steam ships; but so far as the 
present trials have gone, they decidedly furnish an argu- 
ment in favour of the use of twin screws. 

Apart from the question of their efficiency as propellers, 
twin screws are the source of some advantages, which 
should certainly be taken into account in comparing them 
with single screws. These are— 

1. Greater security against total disablement of the 
propelling apparatus. 

2. Greater handiness, and the maintenance of manceuvring 
power in case of serious damage to the rudder or steering 
gear. 

3. Greater facilities for the water-tight sub-division of 
the engine room by means of middle-line bulkheads. 


* With ordinary rudders the use of twin screws does 
not appear to interfere with the efficient action of the rud- 
Pigs wu both «bapa om woeene ahead, as ores 
wit + in single-screw ships; but experience shown 
that balanced rudders are not desirable features in twin- 
screw ships. With steam or mechanical steering gear the 
use of ced rudders is, on other grounds, not prefer- 
able ; so that this feature in the use of twin screws is of 
comparatively small importance. 





The first-named advantage is that which will probably 
have most weight with shipowners. It is unnecessary for 
me to cite cases illustrating the serious character of a 
‘* break-down ”’ in the machinery of an ocean-going steamer 
with a single screw and a small sail spread. But it is 
obvious that the danger increases with the length of the 
vo ; and that an accident which would be serious to an 
Atlantic mail steamer pad be a a Brings if it 
ha ed to a vessel eng: in the Australian service. 
The gain in safety obtained with twin screws would 
surely be worth having, even if it entailed a somewhat 
greater expenditure of engine power, and loss of carrying 
power; but I have shown that no such price has to be 
paid. On the contrary, there is reason to expect some 
economy of power with twin screws. Their use in merchant 
ships would, doubtless, be attended with some difficulties and 
disadvantages ; and I have endeavoured to ascertain what 
are the chief objections, unconnected with propulsion, that 
are raised against the employment of twin screws. These 
seem to be as follows : i 

1. Greater liability of damage to the screws when ships 
are going into or out of docks, coming alongside wharves, 
or —s the ground. 

2. uced cargo space, in ) 
engine room and two shaft being required. 

3. Necessity for a larger and more expensive engine 
= staff, in consequence of the machinery being dupli- 
cated. 

4. Increase in the weight of the machinery, in proportion 
to the horse-power developed, as compared with single- 
screw engines. 

Respecting these objections only a few comments will be 
needed, since they are all matters of fact and experience. 
There is obviously considerable force in the first objection. 
More care is requisite to prevent to twin screws 
than is usual with single screws. It is worth notice, 
however, that several years’ experience with Her Majesty's 
ships haye shown that without any extraordinary precau- 
tions twin screws can be kept efficient. Merchant ships, no 
doubt, have to sustain rougher usage than ships of the 

yal Navy, and their smaller beam is less favourable to 
the provision of shelter for twin screws. On the other 
hand, the merchant ships would require screws of smaller 
diameter in proportion to their load draught than would be 
necessary in ships of war, because of the comparatively 
small engine power needed to drive the merchant ships. 
The smaller diameter of the screws favours their continued 
immersion as the ships lighten, and also leads to a decrease 
in the length of the shaft-tubes outside the hull. I find on 
examination that even the fullest-powered mail steamers 
would not require a length of shaft-tubes more than one- 
half as long as those of the Iris, and a single strut on each 
side would suffice to support these tubes. As compared 
with the Iris, therefore, the increase of resistance due to 
the struts and tubes would be very considerably less in any 
merchant steamer, and the screws would be much more 
sheltered. Even if this were not so I would submit that it 
might be no difficult matter to arrange a protective 
‘~ ” or casing for the twin screws of merchant ships, 
if such a feature should “yee necessary. And, in any case, 
it seems unwise to wholly put aside the proved advantages 
of twin screws because of this difficulty, which must 
certainly be surmountable. 

As to the effect of twin-screw engines upon the cargo 
space i can give no opinion ; but I have been assured by 
competent authorities that in most trades the substitution 
of two-shaft passages for one would produce no serious loss 
of carrying capacity ; and I may add that in war ships this 
holds raw | ith twin screws good ‘‘square’’ stowage is 
obtained, easily accessible from hatchways at the middle 
line. With a single-shaft passage, only the wing spaces 
are available, and the passage being at the mi line 
renders the stowage of the after hold less easy. Further, 
it does not seem probable that with compound engines of 
the inverted cylinder type the use of twin-screw engines 
need entail any increase in the space assigned to the ma- 
chinery. If the engines are placed abreast of one another, 
it seems likely that the length of the engine room may be 
somewhat less than with the single-screw engines of equal 
power, and the additional athwartship space required 
might be compensated for by the reduction in length, In 
the — of the Royal Navy the engine rooms in twin- 
screw ships are, on the whole, shorter than those for single- 
screw ships with engines of similar type and equal power. 
For example, the engines of the Swiftsure somnae ft. of 
length, png those of the twin-screw ship Vanguard 
occupy 28 ft.; and the Bellerophon, with indicated 
horse power, has an engine room 40 ft. long, as against 
36 ft. for the Captain, with 6000 horse er. In recent 
ships the adoption of the inverted cylinder type of engine 
has tended to further economise space, transversely as well 


as longitudinally. ' 
Res; ees: 
but a few words are necessary as to the fourth. a ig 
y 


consequence of a larger 


pecting the third objection I need not say 
considerable number of Her Majesty’s ships, engin , 
different firms, I find that for simple engines with horizontal 
cylinders and surface condensers, the weight per indicated 
horse power of the single-screw engines is about 7 per cent. 
less that for twin-screw engines. For compound 
engines, however, the average weights per indicated horse 
power are as nearly as possible the same for single and 
twin-screw ships. ‘These statements must, of course, be 
considered in connexion with the foregoing remarks on the 
propelling efficiency of single and twin screws. Although 
engines in the merchant service are heavier in pojoertee 
to their power than those fitted in Her Majesty’s ships, 
this comparison of the weights of single and twin-screw 
engines will probably hold good; and it certainly contra- 
dicts the general assumption that twin-screw engines are 
necessarily heavier in .gzopention to their power. 
In conclusion, I would add a few general romarks on the 
employment of twin screws in ocean-going steamers of the 





mercantile marine. These vessels are very long and 
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narrow even when contrasted with the Iris ; and I am not , 


forgetfal 6f the fact that their great lengths and fine forms 
so considerably diminish their resistance that single screws, 
of ample diameter in proportion to their engine power, can 
be employed efficiently on the working draughts of water. 


If twin screws were used, howeve-, their average per- | 


formance would probably be better on along ocean voyage, 
involving a considerable variation in te draught, than that 
of single screws; because the twin screws would be of 
smaller diameter and more dee immersed. For the 
same reason pitching would be likely to produce less effect 
upon the ormance of the twin screws, than on that of 
single serews. Rolling motions could scarcely fe 
any sensible effect on well immersed twin screws, althoagh 
their position at some distance out from the middle line 
places them at some disad , as to angular motion, 
compared with single screws. the whole, therefore, it 
may be concluded, from the above-stated results of ex- 
perience as well as from general considerations, that the 
twin screws would have a decided advantage regarded as 
propellers only. 





In order to carry the twin screws well am, external shaft 


tubes and supporting struts are needed. 
stated that in no existing merchant steamer need these ex- 
ternal tubes be more than half as long as those of the Iris ; 
and that the additional resistance or “‘drag’’ of the tubes 
and strats must be small as compared with the correspond- 
The analysis of the performance of 


ing feature in the Iris. 
that ship shows that the twin screws more than compen- 


sated for this ‘‘ ” by their superior efficiency ; con- 
sequently there be no debetieunieh that & mail 
th ” would cause a loss of 


these two 
owners. 
seems certain : 


relative importance of 
of shipbuilders and ship- 


have already 


| 





siderable increase in fineness of form, or in the ratio of 
length to breadth, will be adopted in future ships for the 


the loa 


e of diminishin 
oad draughts is 


their resistance. Any increase in 
0 clearly inadmissible. The greater 


engine-powers which will probably be used in the swifter 


ships, will consequently have to 


applied on a limited 


draught of water ; and hence it may be anticipated that at 
date the designs of swift mail steamers 
will be subject to conditions resembling those sketched 
above for the Iris. The extreme draught will not permit 
a use of the single screw with a disc area bearing anythin 
like the ordinary ratio to the indicated horse power ; an 
it will become necessary either to depart from established 
precedents in the ratio of pitch to diameter of single screws, 


no very distant 


to adopt twi , or to ter of pistons 
Me pa ae: wala tro gi accept greater speeds 0 


| Pp = oo = now ae in . 
fey meer present moment there is no urgen 
in deciding between these rival methods, and I have no wis 
to a prediction as to the practice of the future. 
The is, however, one well deserving the careful 
consideration of marine engineers and naval architects. 
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THE PARIS INTERNATIONAL EXHIBITION: TRANSVERSE SECTION OF GRAND VESTIBULE. 































































































































































THE PARIS EXHIBITION.—No. XXIII. 
Tue InpustrRiAL HALLs. 


Tue area allotted to industrial exhibits in the 
Champ de Mars is covered in by pitched roofs 
82 ft. span, and small intermediate galleries 
16 ft. 4 in. in width. There are three of the 
larger roofs in each wing of the great building, and 
four of the narrow intermediate galleries on the 
French, and three on the foreign side. The roof 
covering the larger area is shown in the two-page 
plate published by us in our issue of Nov. 2, 1877. 

By referring to that plate it will be seen that the 
height from the ground to the springing level is 
24 ft. 9,% in., and the rise of the roof is 16 ft. 4 in. 
The rafters consist of I irons 9} in. by 34% in. by 
4 in, At the bottom of the truss these rafters are 
strengthened by two angle-irons, by which they are 
bolted to the brackets on top of the columns. A 
cast-iron sleeve is rivetted on to each side of the web 
of the channel iron as shown in Figs. 8 and 9, 
through which pass bolts 2} in. in diameter for hold- 
ing the tie rods of the roof. This portion is shown 
in Figs. 15 and 16, where it will be seen that two 
links } in. by 3}4 in., and 39% in. long are placed 
on each side of the sleeve upon the bolt just 
mentioned, and at the other end is a block 34 in. by 
5%; in. with projecting screwed ends that enter the 
holes in the end of the link, and are held by nuts. 
An opening 2,%, in. in diameter is male in this block 
to admit the enlarged end of the tie rod, which is fitted 

nut as shown in the drawing. The 





Mr 5 
body of Se iewt tie ae 
from one end to the centre of the eye at the other 





is 22 ft. 14in. The diameter of the hole in this eye 
is 2.3 in. Fig. 29 shows the junction pieces *be- 
tween the three tie rods and the struts. The junc- 
tion is made with two triangular plates 3} in. thick, 
placed 23 in. apart, to admit the ends of the rods, 
and having holes 2} in. and 1} in. in diameter for 
the connecting bolts. The central tie rod is 1} in. 
in diameter, except at the ends which are enlarged ; 
the hole in the eye at one end is 13 in. in diameter, 
and the screwed portion 7,, in. long, is 24 in. in 
diameter. The length of this central rod is 
16 ft. 6 in. The screwed end enters a block, see 
Figs. 33 and 34, through the centre of which passes 
a light suspension ‘rod 4} in. in diameter, fastened 
at the upper end toa small bracket in the rafter. 
Fig. 5 shows this bracket. .The intermediate tie 

is, No. 8, are 1,9, in..in diameter, and terminate 
with an eye at the lower end, and a pair of links at 
the upper. These links are shown in Fig. 3], 
where it will be seen that they are y, in. by 34 in., 
and are placed 47% in, apart. e ends of the links 
are thickened out to gin. At the apex of the roof 
they are passed over a bolt 1} in. in diameter, and 
at the lower extremity are attached to a block 
similar to that already described, a which 
passes the end of the tie rod, and is held by an 
adjusting nut. The mode of connecting the rafters 
is shown in Fig. 3, where it will be seen that 
two side plates are bolted to the web of the rafter 
with 2 in, bolts, and that to these plates are rivetted 
sleeves to receive the central bolt. The form of 
strut employed is shown in Fig. 32.. It is cruciform 
in section, 54 in. by 54 in., with the ends formed as 
shown to pass respectively between the triangular 



































(For Description, see Page 334.) 
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junction plates, and the socket on the rafter, ‘This 
tter detail is shown in Figs.6and7. There are four 
purlins in'this roof on each side, placed 9 ft, 8% in. 
and 7 ft; 27% in. apart, They are T irons 63 in. by 
34 in., and they are bolted to the rafters by means 
of angle-irous and bolts 2 in, in diameter. Over the 
struts it will be noticed that a stiffening plate is 
introduced on each side of the web. The form of 
the skylight brackets is shown in Figs, 17 to 22, where 
it will. be seen that they are connected by a light 
angle-iron which supports the sash-bars, The form 
of the intermediate brackets resting on the purlins 
is, as will be seen, slightly different from the others. 
The upper end of the sash-bars rests on an angle- 
iron bolted to the louvre standards, see Fig. 20, 
which shows the form of the standard, that of the 
louvres, and the mode of attaching the light T iron 
rafters which form the frame the of the 
lantern on which is placed a light i | Smog 
handrail, as shown in the general view. 
the —_ t the roof is covered with timber and 
vi sheets. The roof principals are placed 
6 ft. 4 in. apart. The intermediate galleries consist 
simply of iron ribs of the form shown in the general 
section of the Exhibition, see ENGINEERING for 
September 21, 1877. 


TRANSVERSE GALLERIES, 

The Champ de ;Mars exhibition building is 
divided into three i FE pice by two transverse 
galleries, the axes of which coincide with those of 
the vestibules of the picture the 


Ville de Paris building. The construction of these 
transepts, which are each 49 ft. 2}in. wide, is shown 
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on page 340. One-half of the section is taken on 
the axis of one of the roofs of the industrial halls: 
and the other along the centre of one of the narrow 
intermediate galleries, 16 ft. 4 in. wide. The 
height of the transept from floor line to the hori- 
zontal tie beam of the roof is 48 ft. 11 in., and to 
the summit 60 ft. lin. The roof is carried on 
box-shaped columns 19}} in. wide and 114 in. 4 
and of the form shown in the annexed diagram A. 
These columns are placed 32 ft. 9}1 in. apart from 
centre to centre. They are connected at a height 
23 ft. 11}, im. above the ground by plate girders 
3 ft. 1} in. deep, and of the form shown in the 
detail B, which also illustrates the arrangement 
of gutters, attachment of adjacent bay, down 
pipe, &c. The roof truss is divided into panels of 
8 ft. 10} in., and the trussing is of the somewhat 
elaborate form shown, with T-iron purlins placed 
at intervals of about 4 ft. 6 in. The space between 
the lower longitudinal girder and the roof springing 
is filled in with sashes, and glazed, the top of the 
window being arched with a radius of 13 ft. 1 in., 
and the spandrils above filled in with plate 
webs as in the Machinery Hall. At the point of 
intersection with the narrow intermediate gallery, 
a bell-mouth arch takes the place of the window ; 
this is shown in the drawing. ‘The length of this 





























: ; i f the 
arch is 16 ft, 4in,, corresponding to the span 0 
gallery, and the arch is reduced in this: omnes 
from a width of 31 ft. 10 in. to 16 ft. 41m. . rs 
framing consists of T irons, connected longitudi- 
nally, as shown, and the smaller end of the bell- 
mouth is glazed to fit the contour of the 16 ft. 4 in. 
passage. In the two diagrams C and D, the first 
shows the construction at the larger end of the bell- 
mouth, where it joins the roof of the transept, and 
the second the smaller end above the sash-frame. On 
the other side, where the transept is joined to the 
large roof, it will be seen that a narrow bay, 16 ft. 
4 in, wide, is introduced between the two, 80 that 
the roof of the Industrial Hall finishes with a flat 
gable 16 ft. 4in, distant from the window of the 
transept. The intermediate bay is covered in as 
shown in the drawing with a light truss, the rafters 
being carried with one slope to meet the gable of 
the Industrial Hall, and the upper half being fur- 
nished with a skylight. The connexion with the 
transept, &c., is shown in the, diagram _B. In 
addition to this special feature of the building, the 
section on page 340 also indicates the termination 
of the light circulating gallery on the roof of the 
Industrial Hall tobe employed for inspectionin case of 
fire, &c, It will be noticed that this gallery terminates 
about 16 ft. from the end, and that access is gained 
to it by steps. The drawin shows also the form 
of the cast-iron girders placed between the columns 
supporting the roof of the Industrial Hall ; the dis- 
tance between these columns is 16 ft. 4 in., and the 
length of the girders is 13 ft. 4;, in. They rest, as 
will be seen, on skew backs cast on with, and pro- 
jecting from the columns. The drawing also indi- 


cates the basement structure of the building. As 
already explained, ‘the level of the Champ de 
Mars is such that while the Exhibition for a portion 
of its length rests on the surface, the latter gradually 
falls, so that a substructure of piers and columns 
became n Both these are shown on the 
drawing, and it will be seen that the latter are 393 in. 
square, and of course of varying height according to 
the level, As will be seen, however, the ground is 
made up solid beneath the transept, being held = 
retaining walls. Ventilating and circulating tunn 

are introduced, as indicated on the right-hand 
side of the section. This archway is 9 ft. 6 in. 
high, and 13 ft. 1 in. wide, with masonry side walls 
39% in. thick, and an arch of 13} in. The columns 
carrying the floor are also shown, and the diagram 
F indicates the mode of securing the floor 
joists. ‘These are of J iron ; the lower pairs rest in 
jaws cast on the top the columns, and are held to- 
gether with wooden keys, while the = joists are 
secured to the lower by means of iron chairs and clips, 
By this arrangement it became unnecessary to make 
any holes in the joists, so that their value as material 
will not be diminished after the close of the Exhibi- 
tion. The form of the ribs of the intermediate 16-ft. 
gallery was shown in our two-page engraving of the 
2lst of September last. The drawing on page 340 
gives a longitudinal section of this roof. From this 
it will be seen that the ribs are placed 16 ft. 4 in, 
apart, and that the intermediate rafters resting on the 
girders between the columns are pitched 24}in, apart. 


Tue VESTIBULES, 


The vestibules situated at each end of the Champ 
de Mars building have a length of about 1150 ft., and 
are 40ft. 0,4,in. wide. At the end facing the Seine, the 
vestibule is broken by three domes, one in the centre 
and one ateachend, The illustrations on pages 333 
and 336 show the form and construction of this part of 
the building, The height from the ground line to the 
springing of the roof is 49 ft. 0,,in., and to the 
centre of the building 64 ft. 2,5,in, From the ground 
to the top of the framework the distance is 83 ft, 
8}# in. e columns supporting the roof are placed 
82 ft. 914 in. apart, and are of the forms and sections 
shown, The outer columns are formed of two side 
plates ,*, in. thick and 47.24 in. wide, with two angle- 
irons at each side, 2? in. by 2? in. by ; in.; to these 
angle-irons are rivetted flanges 8} in. wide. These 
plates are placed 314 in. apart from centre to centre, 
and are connected at intervals of 52 in. by horizontal 
angle-irons of the same size, these panels being filled 
with diagonal bracing. Gusset plates connect the 
horizontal angle-irons with the webs of the sides, 
which are also stiffened, as shown in section, Figs. 5 
and 6. In one corner of each column is placed a light 
iron ladder, by which access is gained to the interior 
of the structure as well as to the roof. The base of 
the column is shown in Fig. 9. ‘The inner columns 
are very similar in form, except that in one pair the 
lattice bracing is omitted, and the two web plates 
are connec by a flange, as shown in Fig. 6, 
section on &/. The top of each column is bracketted 
out at the roof springing. The chief portion of the 
roof consists of a curved rib with a rise in the 
centre of 15 ft. 2in. This rib is 15} in, deep, and is 
made as indicated in the section, Fig. 10. It will be 
seen that each principal is double, and that the lower 
portion is formed of two ribs placed 31} in. apart, 
corresponding to the distance between the side plates 
of the columns. The depth of this rib is 153 in. 
The webs are solid, with an angle-iron on each side 
at the bottom, but only one on the outer side at the 
top. ‘The upper member of the rib is straight, and 
for a distance of 7 ft. 10 in. in the middle, where 
the depth is 9 ft. 6} in., the top portion is horizontal. 
The space between the top and bottom members is 
divided into panels 6 ft, 6 in. wide by vertical T 
irons on each side of the rib, and these are filled 
with bracing in both directions, as shown in the 
general view of the rib and the cross-section, 
Figs. 3to 10. The five central panels terminate at a 
level just above the crown of the lower member with 
a horizontal angle-iron, the space between which 
and the rib is filled in with a plate web, as shown. 
At intervals of 6 ft. 6 in. J-iron purlins 10,; in. by 
4,%, in. by ys in. are placed between the ribs at the 
upper part, and between the lower member three 
similar purlins are also placed, Near the springing 
a stronger purlin made of two such angle-irons is 
introduced on each side. Besides these, two deep 
plate girders run from end to end of the vestibule, 
connecting the ribs near the centre of the roof and 
joined to the upper purlins of the bottom part of 
the rib by flanges, as shown. The longitudinal 





timbers by which the roof covering is attached are 





fastened on the top of the set of purlins as 
indicated in the section. Both inner and outer 
columns carrying the roof are extended above the 
springing level, and in the angle so formed the 
gutters are laid. For a certain distance below 
the roof the sides are filled in with windows; on 
the outside these windows commence at a height of 
22 ft. 103 in. above the ground, and on the inside 
at a height of 26in. On the outer side ex- 
tends along the face of the vestibule a light 
bracketted roof 19 ft. 8 in. wide and about 20 ft. 
above the ground. It is a very light structure, 
91 in. deep at the outer end and 39.3 in. deep where 
itis attached to the vestibule columns, ‘The tri- 
angular brackets are divided into seven panels filled 
with diagonal and vertical bracing, and are connected 
together by an J iron at the end, 9}in. deep, as 
already mentioned, and two intermediate ones. 
There are two such brackets attached to each 
column by angle-irons and gusset plates. Iron 
framing is attached to each side of the column as 
illustrated by the various sections. This framing 
consists of a web attached to the standard by 
angle-irons along its centre line from top to 
bottom, and 28;, in. wide. The outer ends of 
these webs are stiffened with angle-irons, to 
which are rivetted the I irons forming the sash- 
frames. ‘wo supplementary box girders are also 
built upon each le of the column 13} in. wide and 
23 in. deep. The transverse sash bars are shown 
in section in Fig. 3, where it will be seen that below 
the narrow light at the top, which is 29,5 in. deep, 
they are placed 8 ft. 7Jin. apart. A deep longitudinal 
dake runs between the columns at the level of the 
bracket carrying the small supplementary roof. 
The two-page plate of the central dome which we 
published last week, indicates the way in which 
the panels between the columns are filled in be- 
tween this roof and the ground. The vertical sash- 
bars divide the glazed space into squares, which 
are again divided by the geometrical framing hold- 
ing the glass, and indicated in the same two- 
page plate. The arrangement of framing attached 
to the inner columns of the vestibules is similar to 
that just described. The clear headway however 
frnm the ground to the lower side of the longi- 
tudinal girder between the columns is 23 ft. 114, in. 
The light timber rafters carrying the roof covering 
are shown in Figs. 1 and 2, which are part 
longitudinal section and part elevation of the build- 
ing, from which it will be seen that they are placed 
3lys in. apart. The tops of the columns and the 
upper longitudinal girders connecting them, are not 
concealed by a cornice, but are decorated with 
repousée zinework. The open space in the middle 
of each column is also richly decorated by highly- 
coloured and beautifully executed faiences, so that 
the lattice bars shown in the drawing are concealed, 
On the inside these columns are enriched with 
terra-cotta. None of the structure at this portion 
of the roof is visible, it being entirely concealed 
by panels of plaster highly decorated; and coloured. 

he vestibule opposite the Ecole Militaire at the 
other end of the Champ de Mars, is similar to that 
now described, except that the domes are absent, 
and the colouring is not so elaborate or costly. 


Tue CENTRAL Dome OF THE GRAND VESTIBULE. 


The central dome of the Grand Vestibule forms 
the chief architectural feature of the Champ de 
Mars building. We illustrated this work in our last 
issue, and by reference to the drawing it will be seen 
to consist of three principal characteristics: A flat 
screen enclosed within a semicircular arch; the 
dome itself above; and the two shell-like flanks 
over the space between the main entrance and the 
ends of the vestibule, which is cut in the centre to 
make room for the dome. It will be seen that the 
clear width of the screen or facade is 70 ft. 6} in., 
and that the arch springs about 62 ft. above the 
ground level, The filling in is divided into two 
sections. The first of these extends from the ground 
toa height of 34 ft., where a girder 57 in. deep 
spans the opening. The lower part of this section 
is divided up into seven bays for doors, 1] ft. 6 in. 
high, and the spaces between the tops of them and 
the girder are filled in with sashes, and glazed 
as shown. The whole of the space above is 
also filled with sash-bars of the same sec- 
tion, and arranged in the same way, as will be 
described further on in connexion with the corner 
domes. The height from the ground to the intrados 
of the arch is 97 ft. 7 in., and the form of con- 
struction of the arch itself is indicated by the 
general drawing and the enlarged sections. Above 
it rise the light lattice work ribs forming the fram- 
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ing of the dome, andbringing the total height of this 
part of the building to about 115 ft. The ring to which 
the upper ends of the ribs are attached, supports 
also the — of the great statue of Fame, which 
crowns the structure. The curved ribs forming the 
framework of the wings of the dome are clearly 
shown in the drawing, where it will be seen that 
they spring from the top of the deep lattice girders 
over the side portals, and terminate in an arched 
girder on each side of the dome. The side portals 
are 16 ft. wide, and about 49 ft. high. They are 
surmounted each by a small cupola, similar to those 
associated with the corner domes, and shown in our 
two-page plate of last week. ‘The diameter of these 
cupolas is 14 ft. 5 in., and their height above the base 
about 19 ft. They are framed on a ring 14 ft, 5 in. in 
diameter, composed of a web #in. thick, and two 
angle-irons, an outer one at the bottom and an inner 
one at the top, both being 34in. by 3fin. by Zin. 
Around this ring are placed twelve ribs of the sec- 
tion shown, and curved to the contour of the cupola. 
At the top they are assembled around a ring 392 in. 
in diameter.- As in the case of the corner domes 
the decoration is of a very elaborate character, the 
face of the arch and the standard being filled in with 
fajence panels. The vestibule on each side where it 
is cut by the dome is terminated with a gable end 
framed with radiating rafters as indicated in the 
drawing. 


Tue Corner DoMES OF THE GRAND VESTIBULE. 


The remaining principal features of the Grand 
Vestibule facing the Seine are, as above stated, the 
two domes placed at the ends, one of which is illus- 
trated by a two-page engraving in the present issue. 
It has four flat faces formed by a semicircular arch 
on each of the four sides, and from the springings of 
which start the main ribs converging towards a cen- 
tral framing above the top of the arches just spoken 
of, It thus forms asquare dome with flat sides, and 
presents a similar elevation allround, In the centre 
of one side is a large porch, terminating in a semi- 
circular head, far above the top of the doorways. 
On each side of this porch is the masonry forming 
the lower part of the tower, and from which 
apparently the dome springs. In reality, however, 
this masonry acts chiefly as a screen, the dome 
being carried by four columns, placed witbin it, as 
will be seen by reference to the general plan. The 
masonry screen alluded to is 59 ft. high, and from 
the centre of the dome to the angle is 60 ft. Fora 
distance of about 16 ft. at each angle the screen is 
set forward, so as to form a pilaster with vertical 
fluted mouldings. There is no cornice at the top, 
this being replaced by decorations in repoussé zinc, 
The remainder of the screen is in plain masonry 
faced in cement. Of course it will be understood 
that on the one side this screen is connected to the 
outer side of the Machinery Hall, and on the other to 
the outside of the Vestibule, the fourth angle, is that 
formed by the junction of the inner sides of the 
Machinery Hall and Vestibule. Round the face of 
the tower runs a shelter or verandah roof, similar 
to that already mentioned in connexion with the 
vestibules. The roof brackets are placed 17 ft, 
92 in. apart, and they are constructed as shown in 
the drawing, that is, they are formed of upper and 
lower members of plate and angle-irons 23 in, by 
2? in. by # in. ; they are 94 in, deep at the outer side 
and about 30 in. deep, where they are bolted to the 
wall. Each bracket is divided into ten panels, with 
vertical T irons, and flat diagonals 3} in. by gin. near 
the outer, and 3}4 in. by,? in. near theinner end, An 
Tiron 3} in. by 9} in. by j in. runs along the outer 
ends of the brackets and connects them together. At 
the inner end of each bracket is a vertical angle- 
iron 23 in, by 22 in. by 3 in., by which it is fastened 
to the wall casting shown in thedrawing. The roof 
thus framed is glazed, the sash-bars being 21 in. 
apart, The framework of the porch is clearly 
shown in the drawing. It consists of two open 
standards of iron. These are 52 ft. 6 in. high and 
are square in section, measuring 4 ft. 4.2 in. ona side. 
The construction will be understood by referring to 
the enlarged section rs taken across two opposite 
angles. Kach corner is built up of an angle-iron 
2} in. by 2}in. by yin. To the inner side of each 
member is rivetted a plate 4 in. thick, and these 
are stiffened on the inner side by angle-irons of the 
same strength, and outside by a flat plate 22 in. by 
Ysin. ‘This framing is divided into panels at in- 
tervals of 8ft, 6in. by double angle-irons placed 
back to back, and 2¥,in. by 2y;in. by 7, in., and 
similar angle-irons run across from corner to corner, 
stiffening plates being introduced at the angles, 


Diagonal bars 4}4in. by 4% in. are placed as shown, 
the connexions at the centre being made with short 
angle-irons 2}in. by 23in. by ;,in. The plan of 
the base is given in detail F. From the top of the 
standards the arch of the porch rises, the level of 
springing, however, being 31} in. above the standard. 
A similar construction is employed for the arch as 
for the standard, as regards the angles; the depth 
of each member is 13?in., and the space between 
them 25,;4in. They are braced by double angle- 
irons 27; in. by 2,4, in. by yin., and diagonal bars 
3}4 in. by yin. The standards are connected at the 
top by light plate and angle-iron girders. The 
mode of filling in the porch above the doorways is 
shown clearly in the wings. On the inner side 
of the standard, as far as the cross girder on the 
top just spoken of, a plate is attached, rivetted to an 
I iron 8$in. by 4 {3,in. by Zin., and this runs along 
the top of the doorway, andalso around the framing 
of the sashes above. The doorway and the lights 
above it, arranged in a geometrical pattern, as shown, 
extends to a height of 20 ft. 3 in, above the ground. 
Above this a panelling 32 in. deep, made up of 
angle-iron, 23in. by 24in. by +, in., and a web plate 
of the same thickness. The J iron above mentioned 
forms the top and bottom of this panelling. The 
porch, it will be remembered, is divided into three 
bays by two vertical frames extending from the 
ground level to the girder between the standards at 
the oe These frames are com of angle-irons 
3¢ in. by 3hin. by yy in., and an J-iron 7} in. by 2y% in. 
by Ysin. Above the doorways the space is divided 
into nine panels by three horizontal frames, com- 
posed of a central plate 6}in. by ysin., and two 
angle-irons 24,in. by 2,%in., by y;in., and these 
panels are again divided up by the sash-bars of 
T iron Q4in. by 1}$in. by ¢ in. The arched head 
of the porch is filled with sash-frames 2y5 in. by 
2¥;in. by }in., diverging from the centre as shown, 
and a second series of concentric sashes. 

We now come to a consideration of the dome. 
The drawing, which is partly in elevation and partly 
in section, shows on the left-hand side a portion of 
the screen wall removed, so as to ex the girder 
under the dome. On the right-hand side will be 
observed a second arched girder, which is imme- 
diately over the entrance to the Machinery Hall. 
The columns supporting the dome are shown 
partly in the general view and partly in the 
details, which give a side elevation of the column, 
while / m, m n are horizontal sections. The 
height of the column from the underside of the 
bedplate to the top is 62 ft. 4 in., and the bedplate is 

laced 19 ttin. below the ground level, The height 
rom the latter to the springing of the arched girders 
carrying the dome is 43 ft. 6} in., so that the — 
of the girder at the springing is 17 ft. 1;gin. The 
lan of the bedplate is shown in the section. 
t consists of two plates 70 in. by 25,% in. by 7% in. 
These are separated by a space of lligin. Along 
the outer edges of the plates are channel irons 7 in, 
by 24 in. by yin. ‘The column itself is 30¢ in. 
square, and at the base it is reinforced by plates 
and angle-irons running down to the channel irons, 
as shown ; these angle-irons, which are arranged in 
pairs, are 23 in. by 23 in by $ in. Thecorners of the 
column are of angle-irons 4;% in. by 4;4 in. by; in., 
and they are divided into panels at intervals of 
474 in, by double angle-irons, 23 in. by 23 in, by 
fs in. These panels are filled with bracing on eac 
ace composed of one T-iron 4jin. by 275 in, by 
ys in, and a flat bar Ad in, by. Ye in. At the to 
the sides are strengthened with ,, in. plates, an 
the column is finished with a plate § in. thick. 
Along each side of the column for a considerable 
distance from the;upper end angle-irons are rivetted ; 
these are 4,5, in. by 4,4, in. by yy in., and serve as a 
means of attachment for the arched girder carrying 
the domes, and the deep struts, which go back to 
the screen walls, They are shown in plan in section 
mn, Where it will be seen that these angle-iron 
attachments are placed 19}} in. “. The depth 
of the lower member of the arched girder is 243 in., 
it is built up in box form with webs ¥, in. thick, and 
19}3 in, apart; the bottom flange i8 27,% wide and 
ys in. thick attached to the webs 22 in. by 22 in. 
by 4 in. Ata distance of 19}} in. from the bottom 
flange an angle-iron of the same size is rivetted to 
the web, a at intervals, as shown, T-iron stiffen- 
ers 4} in, by.2,5, in. by 4, are also attached, The 
horizontal member of the girder is 243 in. deep with 
web plates of the same thickness, a top flange 214 in. 
by # in., with angle-irons 23 in, by 23 in. by +; in., 
and similar ones also attached to the webs 19} in. 





from the top. Vertical stiffeners of double L iron 





Qe in. by 27 in. by ¥ in. are also introduced 
at interval and are extended to the web of the 
lower rib, 80 as to form the vertical member of 
the spandrils and plates 9}% in. by yin. and rivetted 
to them. The diagonal bars of the spandril filling 
are 2? in. by x in., with diamond-shaped junction 
plates y, in. thick at the point of intersection, as 
well as at the. meeting of the diagonal and vertical 
members of the spandril filling. The flat portion of 
each side of the dome rests on the arched girder 
just described, and the arch springs about 17 ft. 9 in. 
above. It will be seen that the height from the to 

of the supporting girder to the intrados of the arc 

is 55 ft. 94 in, The inner side of the arch is formed 
with a broad plate +4 in. thick, and to the front and 
back are rivetted two plates, by means of angle- 
irons, the front one 9}# in, deep, and the back one 
31} in. deep. The upper member of the arch is 
made with two angle-irons and a rib 9} in. deep. 
This is connected with the back rib plate by 
means of sloping angle-irons, and similar irons, as 
well as stiffening — are introduced as shown in 
the diagram G. ‘This arch is given in elevation on 





the left-hand side of the general view, from which it 
will be seen that the inner and deep stiffening plate 
is extended down to about the level of springing, 
after which it is replaced by a still deeper plate. A 
number of converging stiffeners are introduced, 
some of them double angle-irons 2? in. by 2}in. by 
jin. and others T irons 4 in. by 2,5, in. by 4% in. 

he space enclosed within the he | is filled up as in 
the plan. It is first divided into nine bays, by eight 
vertical-I bars, which meet the angle irons 3} in. by 
34 in. by 55; in. attached to the intrados of the arch. 
These bays are further divided into panels by six 
rows of horizontal double angle-irons, 2,5, in, by 
2;in. by ;in., and each panel is then filled in 
with T-iron sash-bars, 2din. by 1}4in, by fin, It 
will be noticed that each alternate set of panels is 
filled in with vertical sash-bars, the others being dis- 
posed in a geometrical device, The ribs which 
spring from the point of junction of each arched 
face of the dome, are, above the level of the arch, 
light rafters 15} in. deep, ,% in. thick, and with 
angle-irons top and bottom of 23 in. by 2 in. and 
vs in. At the level of the top of the arch a tie 
runs across the dome as marked at a; a section of 
this is shown at 4 c, where it will be seen to consist 
of two web plates, one 14} in. and the other 9}}in. 
deep, and both ,,in. thick; these are fastened 
together by two angle-irons 2} in. by 7! in. by 
¥ in, It is from this level that the four 

ome rafters of the section above given spring ; 
below this point is a much more elaborate structure 
shown in the drawing, and comprising also the 
framework of the junction of the back of the flat 
arch with the dome. This part of the structure is 
clearly — in the drawings. The framing of 
the dome between the angle-rafters consists of J iron 
7% in. by 4,5, in., by 4 placed about 7lin. apart ; 
upon them are laid flat bars 414 in. by § in. to carry 
the timber covering. ‘The angle-rafters terminate in 
a square frame formed with a plate web 194) in, 
deep, and with angle-iron 34 in. by 34 in. by # in. 
Upon this is raised the light crowning structure 
chiefly built up of angle-iron. A lightning con- 
ductor, 39 ft. 10 in. high, surmounts the dome. 
The section of this is shown in the detail, where it 
will be seen to consist of four angle-irons, 434 in. 
by 444 in. by .%, in., and plates ¥, in, thick, The 
small cupolas at the corners of the dome are similar 
to those introduced with the central dome, and 
previously described. 

On the right-hand side of the general section the 
form of the deep struts connecting the columns car- 
ring the dome with the enclosing wall is shown. 

he arch leading into the vestibule is also indicated, 
as well as the termination of the vestibule itself. 
On the exterior, the ironwork is concealed by elabo- 





rate decorations especially as regards the columns, 
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which are filled up with panels of coloured and em- 
bosse 1 faience, while the sills of the arch are decorated 
with enamelled iron plates, The interior decorations 
are, it is needless to say, extremely effective. A 
notice of them and of their cost has already appeared 
in our pages. 


Tue BurmLpmne or THE VILLE DE Parts. 


It was originally intended that the Ville de Paris 
should erect a pavilion in front of the Champ de 
Mars, near the Seine. The unforeseen demand on 
the available space, however, avd the gradual absorp- 
tion of it for annexes, not at first provided for, 
rendered it necessary that this pavilion should be 
located in another part of the grounds. To provide 
for it, a further sacrifice was obligatory, and the 
central space of the Champ de Mars, between 
the picture galleries, which it was originally intended 
should be laid out as a garden, was given up to the 
Ville de Paris. Undoubtedly this will be the most 
highly ornamented and elaborate structure connected 
with the Exhibition. We shall shortly publish gene- 
ral and detailed drawings of it, and until then must 
defer any minute description. Meanwhile, we may 
say that it encloses a space 303 ft. 4 in. long by 
115 ft. 6 in, wide, It consists of a main hall 
83 ft. 9 in. wide, and two galleries each 15 ft. 103 in. 
wide, which run along each side and the two ends. 
‘he central hall is broken by a row of columns on 
each anaes 65 ft. 7§ in. centre to centre, 
and pl 49 ft. 2} in, te epee The 
main standards of the building are 9 ft. behind these 





70 * 20 so 
columns, and are pitched the same distance apart ; 
they are 12,9, in. deep, and are made in open lattice 
work, 45 ft. 5 in. high, co nding to the height 
of the springing of the roof pou the ground level. 
The columns are 27 ft. 113 in. above the ground, 
and at this height a system of longitudinal girders, 
23$ in. deep, surround the building, while short 
lattice girders connect the columns and standards. 
About 10 ft. above these a second system is placed 
around the building, while transverse girders about 
16 ft. 6 in. long, are introduced ; these latter carry 
the roof principals, and the space between them 
and the lower ones at the tops of the columns before 
mentioned is filled in with highly ornamented cast- 
iron brackets. - The roof trass is very light, and is 
divided into panels of 8 ft. 2 in. each, the depth at 
the centre being 17 ft. 6 in. and at the ends 14} in. 
Nine light lattice puriins 35, in. deep run between 
the roof rafters, and a horizontal: lattice girder 
8 ft. 2in, deep runs around the building, the outer 
flange coinciding with the inner face of the standards, 
and the inner flange with the vertical member of the 
first panel of the roof truss. The side galleries of 
the building are carried on light ornamental columns, 
23 ft. high, and oe 14 ft. 1} in. apart. As already 
stated, the width of the galleries is 15 ft. 10}in., and 
the height 23 ft., asystem of light transverse and 
longitudinal joists forming the framework for a 
ceiling at this height above the ground. The gallery 
is covered in with a light lean-to roof. 

Both end and side facades of this building are very 
beautifully decorated. The galleries last mentioned 





e7) 50 Feet. 


are open, and extend from end to end, — where 
interrupted by the principal entrances to the build- 
ing. The columns are surmounted by a highly 
ornate frieze, in which-over the centre of each bay 
is inscribed one of the classes of exhibits— 
Ecoles Professionalles, Enseignment Primaire, 
Cours d’Adultes, Promenades et Plantations, 
Eaux et Foréts, &c. At intervals, also, the regu- 
larity of the spacing is broken by a pair of 
columns, over which the frieze is made deeper 
and between which statuary, &c., is grouped. There 
are three main entrances on each side of the building 
18 ft. 9 in. wide and 23 ft. 9 in. high, These are 
flanked on either side by brickwork (in the case of 
the entrances near the extremities the brick is ex- 
tended to the end), and the architraves, entablatures, 
&e., are all richly decorated in coloured faience. 
Each entrance is, moreover, flanked by a pier, also 
decorated in faience, and extended to the roof level, 
where it terminates in an ornamental base for a flag- 
staff. Inscriptions appear above each doorway, such 
as Prefecture du Department de la Seine, Beaux 
Arts, &c., and the space between the top of the door 
and the architrave, is filled in with glass disposed 
in geometrical patterns. A deep and elaborate 
moulding also runs along the top of the side 
windows of the building from end to end, conceal- 
ing the roof springing, gutters, &c. These side lights 
are also agin geometrical designs, and they 
are: broken up into bays of convenient lengths by 
decorated. brick piers. Besides the side windows 
the hall is also lighted from the roof. Both from 





May 3, 1878.) 





ENGINEERING. 337 





THE PARIS INTERNATIONAL EXHIBITION; THE CANADIAN TROPHY. 








(For Description, see Page 338.) 










































































7 SS 









































































































































338 





ENGINEERING. 


[May 3, 1878. 





an engineering and an architectural point of view this 
building reflects the highest credit on its designer. 
The ironwork was completed and erected by 
MM, Eiffel, of Paris. 


Tue Disrrrvrtion or SPACE. 


The coloured location plan which we publish this 
week shows clearly the manner in which the space 
available at the Exhibition has been allotted amongst 
the various nations. It is possible that soon after 
this plan was prepared some slight modification may 
have been mote, bet we believe that no important 
alteration will be found to exist. France occupies 
a larger amount of space than all the other coun- 
tries combined. The palace of the Trocadéro will, 
it is true, be partly occupied by certain foreigu con- 
tributions, but it is essentially a French portion of 
the Exhibition, With the exception of the pavilions 
of China, Japan, Tunis, Persia, Norway, and 
Sweden, and one or two others, all the buildings in 
the Trocadéro grounds are French. The principal 
annexe is the Algerian Palace, a noble structure in 
which are collected the various exhibits of the 
colony. The exhibits of railway matériel, civil 
engineering, forest’ products, and constructive ma- 
tériel, the two great pumping stations, and a variety 
of conservatories, complete practically the list of 
structures on this side of the Seine. The greatest 
pains have been taken to develop to the utmost the 
garden space‘available, for in the Champ de Mars the 
ground is so crowded with annexes as to leave little 
opportunity for picturesque effect. In the Main 
Exhibition Building of the Champ de Mars, France 
occupies the whole of one side, the vestibule oppo- 
site the Ecole Militaire, and one-half of the vesti- 
bule facing the Seine. The plan shows the distribu- 
tion of classes in this part of the space by the 
various numbers, which are to be presently explained. 
Outside the main building, there are five French 
boiler-houses; the two grand French annexes for 
machinery, with the Bureaux d’Administration be- 
tween them, the annexe for life-saving appliances, 
pumping machinery, and ports and commerce, facing 
the Seine, while a multitude of small buildings for 
French exhibits crowd the grounds. The long 
timber annexes for French agricultural machinery, 
which face the quay, and extend as far as the Pont 
d’Alma, are not shown upon this plan, while 
that part of the Exhibition devoted to live stock is 
also necessarily excluded, as it occupies the Place 
des Invalides ; but this latter section is, of course, 
international. In the centre of the Champ de 
Mars is the magnificent building of the Ville de 
Paris, and the plan shows by its conventional tint 
the space occupied by France in the galleries of the 
Fine Arts. 

Next in importanee comes England, occupying the 
post of honour, not only of the building, but sharing 
with France half of the Grand Vestibule, which will 
be worthily occupied by the Indian trophies of the 
President Prince of the British Commission, and the 
exhibits of our great Eastern Empire. The Austra- 
lian colonies and Canada fill the corner pavilion, 
and Canada has raised in the centre the beautiful 
trophy of which we publish an engraving on page 
337. This trophy, 100 ft, in height, is an exhibit of 
all the usefultimbers in the Dominion, and of slate and 
other building materials. Its galleries, moreover, 
are utilised for the display of general objects. 
Canada has, moreover, a large space in the industrial 
sections, and an annexe in the grounds, as well as 
the building constructed by Messrs, Cubitt, and 
generously given to the use of the Dominion at the 
suggestion of the Prince of Wales. The British ex- 
hibits will not be unworthy of the country and its 
colonies, and though we may perhaps naturally forget 
the importance of the collections of other nations, 
we cannot avoid the conviction that the position 
allotted to Great Britain represents fairly the part 
she plays in this Exhibition. As for annexes, we 
have the long agricultural shed, well adapted for the 
— of display, but not ornamental; there are 

esides two or three small annexes, and a court in 
the Fine Arts Gallery. 

The United States of North America are adjacent 
to England. Coming very late in the field, a place 
of honour has nevertheless been reservedtothem, and 
one which will be well filled despite the shortness of 
time at thedisposition of exhibitors. The United States 


Agricultural Building is an extension of that of | committees. 

Great —. en Austria oe very| Class 9. Printing and Books.—(a) Specimens of 
important allotments, we imagine that the ex-| typography, lith specimens lack and in 
hibits of Belgium and Switzerland will rank next in te 


adult teaching. 


practical agriculture and horticulture, and tech- 
nology, with the appliances for elementary training 
in drawing. (e) 
deaf mutes. (/) Specimen of work of scholars 
of both sexes. 
of this and the following classes is indicated by 
the class number in the coloured plan. 


models of second-class schools, lyceums, gymnasia, 
colleges, and industrial and commercial schools, 
with the furniture and matériel of these establish- 
ments. 
globes. 
scientific teaching, art training, drawing, music, 
and singing. (d) Apparatus for and methods of 
teaching gymnastics, fencing, and military exer- 


schools, agricultural colleges, observatories, scientific 


apparatus and furniture of the above. 


countries, standing in the first industrial rank, have 
shown great enterprise in taking so large a part in 
the Exhibition, especially in the section devoted to 
machinery. 

Italy has a large area, and though it is too much 
to expect that when the exhibits of this country are 
finally arranged they will display much of high 
value in the mechanical arts, they have spared no 
pains to take a foremost place in other industries. 
Of Sweden and Norway there is no need to speak, 
What they did at Vienna and Philadelphia is a 
guarantee of their collections now. Spain, too, is 
largely interested, and China and Japan are now 
known at exhibitions as very important contributors. 
Holland, Portugal, Denmark, South America, all 
the countries, in short, are here, and all have done 
their utmost to crown this great triumph of French 
energy and power. That is, all but Germany, who 
unfortunately for the rest of the world, and we 
believe for herself, declined to participate. True 
she shows some pictures, but we may look in vain 
for the display which was conspicuous at Vienna. 
Germany’s decision was, however, fortunate in some 
respects for other countries, since had she elected 
to be present, room for her must have been made at 
the expense of others, 

It would be useless for us here to refer in detail 
to the numerous annexes and pavilions in the 
‘grounds, They are all enumerated in the list of 
references at the bottom of the plan, as well as the 
several gates by which access is gained to the 
Exhibition. 

CLASSIFICATION OF EXHIBITS. 

By the. system of classification adopted, the con- 
tents of the Exhibition are divided into nine Groups, 
sub-divided into ninety Classes, 
Group L, referring to works of art, comprises 
five classes as follows: 1, painting in oils; 2, 
water-colour, chalk, and other drawings ; 3, sculp- 
ture ; 4, architectural drawings and models ; and 5, 
engravings and ee gt ie 

roup If. includes education and materials and 
processes connected with the liberal arts ; it possesses 
11 classes. Class 6 comprises exhibits referring to 
the education of children, and to elementary and 
Here are found: (a) Models of 
créches, orphanages, refuges, and kinder-gartens: 
the management and furniture of these establish- 
ments. ‘Training appliances adapted for the physi- 
cal, moral, and intellectual development of children 
up to the time of their entering school. (4) Plans 
and models of town and country schools, their 
management, furnishing, &c.; teaching appliances, 
books, maps, apparatus and models. (c) Plans and 
models of schools intended for adult instruction and 
professional training, with the appliances and furai- 
ture of these establishments. (d@) Appliances for 
the elementary teaching of music, singing, and 
foreign languages, book-keeping, political economy, 


atériel for teaching blind and 


(g) Publications, The position 


Class 7. The Organisation and Matériel for Secondary 
Teaching.—In this class are collected: (a) Plans and 


(4) Various collections, books, maps, and 
(c) Appliances for technological and 


cises. 
Class 8. Organisation, System, and Matériel for 
First-class Teaching, a3 follows: (a) Plans and 
models of academies, universities, schools for medi- 
cine, and practical colleges, technical training 


museums, amphitheatres, and laboratories. (6) The 

rte a em 
tus, collections, and matériel intended for the higher 
class teaching and scientific investigation. (d) 
Special exhibits of institutions and learned societies, 
and technical, agricultural, commercial and in- 
dustrial institutions. (d) The exhibits of scientific 


colours, proofs of engravings. (6) New books and 


works forming special libraries, periodicals, draw- 
ings, atlases, and albums. 

Class 10. Paper, Bindings, Art Materials for 
Painting and Drawing.—(a) Paper, cardboard, and 
carton; inks, chalks, pastels, office-fittings, letter- 
balances, copying presses, &c. (4) Articles made of 
paper, lamp- es, lanterns, &c. (c) Registers, 
albums, and pocket-books; binding, covers, &c. 
(d) Various materials for water-colour drawing, 
including colours of all kinds; instruments and 
apparatus for the use of painters, draughtsmen, 
engravers, and modellers. 

Class 11. Application of the Arts of Drawing and 
Modelling—(a) Industrial drawing: drawings ob- 
tained, reproduced, or reduced by mechanical pro- 
cesses. Decorative painting, lithographs, chromo- 
lithographs, and industrial engraving. Models for 
figures, mouidings, ornaments, &c. (+) Carved and 
sculptured objects, cameos, and various articles 
decorated by sculpture. Industrial plastic objects 
produced’ by mechanical means, reduction of same, 
photosculpture, moulded objects. 

Class 12. Specimens of Photography and Photographic 
Apparatus.—(a) Photographs on paper, glass, wood 
fabrics, and enamel. Heliographs and lithographic 
proofs, Photo-lithographic proofs, stereographs 
and stereoscopes. Specimens of enlarged photo- 
graphs. Photo-chromographs. (4) Instruments, 
apparatus, and matériel for photography. Fittings 
for photographic ateliers. 

Class13. Musical Instruments.—Non-metallic wood 
instruments with simple and compound mouthpieces, 
and with and without air reservoirs. (4) Metallic 
wind instruments of all kinds, (c) Keyed wind in- 
struments, organs, accordions, &c. (d) Keyless 
stringed instruments. (¢) Keyed stringed instru- 
ments, pianos, &c. (/) Instruments performed on 
by percussion or friction. (g) Automatic instru- 
ments. (4) Detailed portions and orchestral ma- 
tériel. 

Class 14. Medicine, Sanitary Appliances, and Public 
Aid Exhibits —(a) Matériel, instruments, and ap- 
paratus for anatomic work. (4) Anatomic speci- 
mens, (c) Medical diagnosing instruments. (d) 
Minor apparatus and instruments for dressing 
wounds, &c., and general and local anesthetic appli- 
ances, (d) Surgical instruments and appliances for 
amputation, &c. Obstetric, oculistic, dental, &c. Gal- 
vanic and electric medical apparatus. (e) Mechanical 
surgery for orthopedy, &c. (/). Apparatus for 
preserving life in partially drowned or suffocated 
ersons, (g) Medical and hygienic apparatus. (/) 
lans and models of hospitals, miscellaneous asylums, 
houses, of refuge, &c. Management and furniture 
of these establishments. Various og for the 
use of the infirm, of sick, and of helpless persons. 
Accessories to medical practice, and to hospital 
surgery and pharmacy. (i) Cases of instruments and 
apparatus, and medicine chests, for doctors in the 
army and navy. Matériel for the aid of the wounded 
on the battle field. Civil and military ambulances. 
(j) Special apparatus, instruments, and appliances 
used in veterinary surgery. 

Class 15. Scientific Instruments.—(a) Apparatus 
and instruments of precision, (4) Apparatus and 
instruments connected with practical geometry, 
levelling, topography, and geodesy ; compasses, calcu- 
lating machines, barometers, &c. (¢) Measuring in- 
struments, verniers, micrometers, dividing :nachines, 
precise balances, (d@) Optical instruments, astro- 
nomical instruments, physical and meteorological 
instruments. <A tus for laboratories and ob- 
servatories. (e) Weights and measures of various 
countries. Money and medals. 
Class 16. Maps and Apparatus connected with 
Geography and ere gs Topographical, 
geographical, geological, hydrographical, and astro- 
a i pe and atlases. (4) Physical charts of 
all kinds and relief plans. (c) Terrestrial and 
celestial spheres. Statistic books and tables, As- 
tronomical and navigation tables. 


Group III.—FurwiTurE AND ITS ACCESSORIES. 
Class 17. Cheap and costly Articles of Furniture.— 
This class is largely represented and is of too wide 
limits to attempt any classification here. The same 
remark partly applies to Class 18, which comprises 
the exhibits of’manufactures of carpets, curtains, and 
decorative fabrics. It includes also decoration of 
furniture with jewellery or precious metals, papier 
maché ornaments, and sacred painting and decora- 
tion. 

‘6 and Crystal. —(a) First-class 
Class 19. Glass ry. (a) bw 








importance to those of France and England. Both 


new editions of books already known, collections of 





tal services ; cut and engraved I. 
pines ware, Common glass, (4) Window and 
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mirror glass. Moulded, enamelled, crackled, iri- 
descent, tempered glass, &c, (c) Decorative glass, 
and glass for — and other scientific purposes. 
(d) Coloured glass, mirrors, &c. . 

Class 20. Ceramics.—(a) Biscuit ware, hard and 
soft porcelain, fine fajence, and faience biscuit, 
terra-cotta, enamelled pottery, bricks, and tiles. 

Class 21 includes carpets and other upholstery 
fabrics, oilcloths, rubber carpets, kamptulicon, &c., 
as well as carpets of all classes, Besides this there 
are tissues of cotton, silk, horsehair, vegetable 
leathers, ‘‘ moleskines,” &c., employed for covering 
furniture or for other purposes. 

Class 22. Coloured Papers.— Colour printed 

aper; velvet, marbled or veined wall papers; papers 
iS wrapping and binding, artistic decorative papers, 
enamelled and varnished paper, imitation of wood 
and leather. Painted or printed blinds. 

Class 23. Cutlery.—All branches of this industry 
are included in this class. 

Class 24. Goldsmiths’ Work. — Religious and 
domestic goldsmiths’ work, and electro-plating. 

Class 25. Art Bronzes and Repoussé Work.—(a) 
Bronze statues and bas-reliefs, art iron and zinc 
castings. Electro-plated art castings. (4) Repoussé 
work in copper, lead, and zinc. 

Class 26. Clockwork.—(a) Various pieces and 
details of clockwork and similar mechanism. (d) 
Watches, chronometers, pedometers, and miscel- 
laneous counters; clocks actuated by springs or 
weights; regulating apparatus. (c) Astronomic 
clocks, marine chronometers, travelling clocks, 
alarums, clepsydras, and electric clocks; turret and 
church clocks. 

Class 27. Apparatus for and Methods of Heating and 
Lighting —(a) _Hearths, chimneys, ‘stoves, . and 
caloriferes; miscellaneous appliances for heating; 
furnaces and apparatus for heating and cooking by- 

(6) Heating apparatus for hot water, heated 
air, and steam; ventilators; drying apparatus, 
stoves. (c) Enamelling lamps ; blowpipes ; portable 
forges. (d) Various lamps adapted for burning oils. 
(e) Lighting appliances, matches, &c. (/) Appa- 
ratus and accessories for lighting by gas. (g) Photo- 
electric lamps, magnesium light apparatus, &c. 

Class 28. Perfumery.—This class includes all 
the wide range of objects that may be readily 
imagined to come within its limits. 

Class 29. Fancy Gocds.—(a) Miscellaneous small 
objects of furniture, liquor cases, caskets, &c. (5) 
Turned and engraved goods in ivory, wood, and 
shell, (c) Brushes and combs; lacquered ware ; 
light baskets, &c. 


Grour IV.—F asrics, CLOTHING AND ACCESSORIES. 


Class 30. Cotton Thread and Fabrics.—(a) Cotton 
thread. (4) Pure cotton tissues. 2 Mixed cotton 
tissues. (d) Cotton velvets. (e) Cotton ribbons. 

Class 31. Flax and Hemp.—(a) Flax, hemp, and 
other vegetable fibres. (4) Fabrics produced from 
same. (¢) Fabrics of other vegetable fibres, similar to 
hemp or flax. 

Class 32. Yarn and Fabrics x Combed Wool.—(a) 
Combed and spun wool, (4) Fabrics such as cache-- 
meres, merinos, serge, &c. (c) Ribbons, &c., of 
wool mixed with cotton, silk, or floss; fabrics of 

ure and mixed wools, 

Class 33. Yarns and Fabrics of Carded Wool.— 
Carded wools and yarns; cloth and other. fabrics 
of carded wool. 

Class 34. Silk and Silk Tissues.—(a) Pure silk ; 
floss silk. (4) Tissues of pure silk; silk tissues 
mixed with gold, silver, cotton, wool, &c. (c) Floss 
silk tissues, pure and mixed. (d) Velvets and 
plushes, (e). Silk ribbons, pure and mixed. 

Class 35. Shawls.—The heading of this class speaks 
for itself. 

The same remark applies to Class 36 for laces and 
embroidery ; to Class 37 for bomnets and clothing 
accessories; and to Class 38 for clothing of both sexes. 

Class 39. Jewellery.—(a) Jewellery in precious 
metals (gold, platinum, silver, aluminum), chased 
and engraved; filagree work, precious stones. (h) 
Plated and false jewellery. (c) Jewellery in jet, 
amber, coral, mother-of-pearl, &c. (d) Diamonds 
and other precious stones ; imitation pearls and false 
stones. 

Class 40. Small Arms, §c.—(a) Defensive arms, 
cuirasses, helmets, &c. (6) Clubs, life preservers, 
&e. (c) Swords, bayonets, lances, hatchets, hunt- 


ing knives. (@) Firearms, rifles, carabines, pistols, 
revolvers. (¢) Powder flasks, bullet moulds, &c. 
(/) Spheri elongated, hollow and _ explosive 
bullets; caps, cartridges, &e. (g) Hunting equipments. 


Class 41. Travelling Equipments,— (a) ‘Trunks, 


valises, packing cases, &c. (6) Portable apparatus 
specially intended for voyages and marth vayone 
peditions ; photographic apparatus ; instrumenta,for 
astronomical and meteorological observations ; 
pe for geologists, mineralogists, naturalists ; 

onial and pioneer outfits. (c) Camp equipments ; 
hammocks, tents, beds, &c. 

Class 42. Toy Exhibits.—Includes models and in- 
structive games. 


Group V.—Exrractive Inpustrigs, Raw AND 
MANUFACTURED MATERIAL, 


Class 43. Products of the Mine and peewee. igh: 
Collections and samples of rocks, minerals, an 

ores ; decorative stones; hard rocks; earths an 
clay; miscellaneous mineral products; crude 
sulphur; rock salt and other salt. (4) Com- 
bustible minerals: coal, coal residues, agglome- 
rated coal, &c.; asphalte and asphaltic rocks ; bitu- 
men; mineral tar; crude petroleum. (c) Metals: 
cast iron, wrought iron, steel, steel iron, copper, 
lead, silver, zinc, &c. ; metallic alloys. (d) Products 
of the art of gold refining. (e)j Products of electro- 
plating ; gilt and silvered objects ; samples of electro- 
plating in copper, iron, nickel, &c. Manufac- 
tured products; castings; bells; merchant bars ; 
special section of bars; plates and tinned sheets ; 


galvanised and coated with lead ; sheets of copper, 
lead, zinc, &c. (4) Metal working: forgings an 
stamped ironwork; wheels and tyres; solid drawn 
tubes, chains, &c. (¢) Products of the wire mill: 
pins; needles; wire cables; wire netting; metallic 
tissues; perforated plates. (/) Finished products 
of the various industries in iron. (4) Miscellaneous 
metal exhibits. 

Class 44. Forest Products and Forest Working.— 
@ Specimens of forest industry. (4) Wood for 

ecorative purposes, for construction, and for firing ; 
timber for shipbuilding. (c) Industrial barks. 
Tanning and dying materials ; prepared and resinous 
woods. (d) Products of forest industry ; dried wood 
and charcoal; crude potash ; industrial articles, such 
as wooden vessels, sabots, &c. 

Cass 45. Products of the Shase: Fishing Appliances.— 
(a) Collections and drawings of land and amphibious 
animals, birds, eggs, fishes, cetaceans, mo)luscs, and 
crustaceans, (4) Products of the chase: furs and 
skins, hair, feathers, horns, teeth, ivory, bones, shells, 
musk, &c. (c) Products of the fishery; whale oil, 
spermaceti, &c.; whalebone ; sohengiies shells ; 
pearls; mother os pas sepia; corals; sponges, 
&c. (d) Uncultivated products: mushrooms, truffles, 
wild fruit, lichens employed for dying; food and 
forage ; fermented saps ; quinquinas ; useful barks 
and fibres; wax and resins; raw and manufactured 
agora. (e) Traps and appliances for catching 

sh; lines and hooks, harpoons, nets, miscellaneous 
apparatus. (/) Apparatus and appliances for 
gathering uncultivated crops. 

Class 46.—Non-alimentary Agricultral Products. (a) 
Textile materials: raw cotton, flax and hemp; vege- 
table fibres of all classes; raw wool, washed and 
unwashed; silk cocoons, (d) Miscellaneous agri- 
cultural products employed in industry, medicine 
and domestic economy ; oleaginous plants, oils, wax, 
and resins. (c) Tobacco in leaf and manufactured. 
Tanning and dying materials. {() Dried forage and 
materials specially adapted for feeding animals. 

Class 47. Chemical and Pharmaceutical Products.— 
a) Acids, alkalies, salts of all natures ; marine salts, 
and products from working mineral and saline 
waters, (4) Miscellaneous products of chemical 
industry ; wax and fatty bodies, soaps and candles ; 
raw material for perfumery ; resin, tar, and materials 
derived from tar ; essences and varnishes ; coating 
materials; manufactured gutta-percha and rubber ; 
dyeing substances and colours. (c) Mineral waters, 
and natural and artificial gaseous waters; pharma- 
ceutical raw substances; simple and compound 
medicaments. 

Class 48. Chemical Processes for Bleaching, Dyeing 
and Printing.—(a) Specimens of threads bleache 
and dyed; specimens of “rns preparations. (d) 
Specimens of fabrics dyed or printed; pure and 
mixed cotton goods printed; specimens of printed 
woollen fabrics, pure or mixed, combed or carded. 
©) Specimens of printed silk, pure or mixed, (d) 

pecimens of printed carpets, druggets, &c., waxed 
cloths, 

Class 49. Leather and Skins.—(a) Materials em- 
ployed in the preparation of skins and leather. 
(4) Green skins, salt skins, tanned hides, dyed or 








of natural colours, varnished leather. (¢) Morocco 
leather, leather dressed and finished in the various 


dj appliances for lifting water. 


fashions known in the trade; kid and other skins 
for gloves; furs, dyed or undyed; parchment. 
(d) Prepared gut for various purposes, 


Group VI.—APPLIANCES AND PROCESSES CON- 
NECTED WITH MECHANICAL INDUSTRY. 


Class 50. Matériel and Processes for Working Mines 
and Metallurgy.—(a) Shaft-sinking appliances for 
artesian wells, and shafts of large diameter; rock- 
drilling machines, and coal-cutting machinery ; “% 
paratus for firing blasts by electricity. (4) Models, 
plans, and drawings, illustrating the working of 
mines and quarries; winding engines and other 
machinery for mines. (c) Pumping machinery, and 
a) oe and 
ventilating apparatus. (e) Safety lamps, electric 
lamps ; ‘atten appliances; signals, - 
chinery for making agglomerated fuel. (g) Ap- 

liances for the manufacture of coke; metallurgical 

earths and furnaces ; smoke consuming apparatnhs, 
(4) Matériel for metallurgical works. (i) Special 
orge and —s plant; electric metallurgical 
apparatus. (j) Matériel for the working of metals 
under any conditions, 

Class 5\.—Agricultural and Forest Matériel and Pro- 
cesses.—(a) Plansand models of agricultural arrange- 
ments; materials and works of agricultural science, 

ing, draining, and irrigation ; plans and models 


armour plates, ship and boiler plates, &c. (gy) Plates ; drying. 


of rural buildings. () Tools, instruments, machines 


d | and apparatus for tilling and other operations ; drills 


and other machines for sowing, planting, gathering 
crops, and the preparation and preservation of the 
products of culture. (c) Miscellaneous agricultural 
machinery, operated by horse or steam enna, (d) 
Carts and means of transport.. (¢) Organic and 
mineral fertilisers. (/) Apparatus for the physical 
and chemical investigation of the soil. (g) System 
of maintaining and restoring forest lands, main- 
tenance and culture of forests. (4) Matériel for 
carrying on the forest industries. (¢) Matériel, 
instruments, and machinery for the manufacture of 
tobacco, 

Class 52.—Matériel and Processes connected with 
Agricultural and Alimentary Industries.—(a) Plant for 
agricultural factories, such as those for the produc- 
tion of artifical manure, drain-pipes, &c.; cheese 
factories, dairies, starch works, oil mills, breweries, 
distilleries, sugar factories, refineries, works for the 
preparation of textile materials, silkworm farms, &c. 
(6) Machinery and plant for alimentary products ; 
bakers’ furnaces; . confectioners’ apparatus. (c) 
Apparatus for the manufacture of farinaceous food ; 
sea biscuit-making machinery ; chocolate machinery ; 
coffee-roasting apparatus. (d) Production of ices 
and sorbets ; manufacture and preservation of ice, 

Class 53. Matériel employed in the Chemical and 
Pharmaceutical Aris, and in Tanning.—(a) Labora- 
tory utensils and apparatus. (4) Apparatus for 
industrial and commercial tests and assays. (c) Ma- 
tériel and apparatus for chemical products, soap, 
candles, &c. (d) Matériel and processes for the 
production of essences, varnishes, and rubber and 
gutta-percha goods. 2 Matériel and apparatus for 
gas works, v Matériel and Laprenatas or bleach- 
ing works, (g) Pharmaceuti roducts and the 
methods of their production. (4) Plant for tanneries 
and leather-dressing factories, (i) Matériel and 

TOCesses sanaeetil with glass and ceramic 
actories, 

Class 54.— General Machinery.—(a) Separate pieces 
of mechanism: brackets, slides, eccentrics, gearing, 
connecting rods, parallel motions, belts, steam and 
other governors, &c. (4) Lubricators, (c) Counters 
and recording apparatus; dynamometers, gauges, 
weighing apparatus ; appliances for gauging liquids 
and gases, (@) Apparatus for the handling of heavy 
loads, (e) Hydraulic lifts, pumps, hydraulic rams, 
&e. (/) Water wheels, turbines, water column 
machinery. (yg) Accumulators and hydraulic espe 
(4) Steam engines, boilers, steam generators, fittings, 
and accessory apparatus, (i) Condensers. (/) 
Motors driven by ether, chloroform, ammonia, or 
combined vapour. (#) Gas and hot-air engines, 
compressed air engines, (/) Electro-magnetic en- 
gines ; windmills, 

Class 55. Machine Tools.—(a) Wood-working ma- 
chinery, cork-making machinery. (4) Cork-cutting 
machines, lathes, drilling, and planing machines ; 
moftising and boring machines ; shearing machines ; 
screw-cutting, grooving, and rivetting machines ; 
miscellaneous machine shop tools, (c) Tools and 
machines employed for pressing, grinding, mixing, 
breaking up, sawing, polishing, &c., materials ; 
special tools adapted for cular industries. 

Class 56. Matériel Processes for Spinning and . 











33° 


ENGINEERING. 


[May 3, 1878, 








es 


Cord Making.—(a) Hand-spinning apparatus ; sepa- 
rate details belonging to spinning machinery ; ma- 
chines and ome for the preparation and spinning 
of textile objects; machinery and appliances for 
supplementary processes, drawing, dividing, twisting, 
&c. (6) Cord and rope manufactures; round, flat, 
and tapering ropes, metallic cables, and cables with 
wire centres ; fuses and matches. 

Class 57. Weaving Machinery.—(a) Apparatus for 
operations preparatory to weaving; winding, warping 
machines, &c. (4) Hand and power looms for simple 
fabrics ; looms for figured and brocaded fabrics ; 
electric looms. (c) Carpet looms. (2) Looms for 
the production of gauzes, tulles, &c.; lace looms. (e) 
Mac — for calendering, finishing, watering, fold- 
ing, &c. 

Class 58. Matériel and Processes for Cuiting Out 
and Making Clothing.—(a) Ordinary shop tools for 
cutting out and making up; sewing, embroiderin 
machines, &c,. (6) Saws for cutting fabrics pom 
leather for vestments, (c) Machines for making up, 
nailing, pegging, and screwing boots, (d) Machines 
for working up rubber. 

Class 59. Matériel and Processes for Making Furni- 
ture, §c.—(a) Veneer-cutting machines; circular 
and band saws, fret saws, &c. (4) Wood-mouldio 
machines ; uetry machines ; carpenters and 
cabinet-makers’ lathes, and miscellaneous tools. (c) 
Stamping and embossing machines; machines and 
apparatus for working stucco, papier-mache, iron, 
bone, and — = Pointing and carving machines ; 
machines for reducing statuary; engraving appli- 
ances, (¢) Brick and tile- saline machines ; ma- 
chinery and plant for making artificial stone. 
Machinery for cutting and polishing hard stones, 
marble, &c. 

Class 60. Matériel and Processes connected with 
Paper Industries—(a) Matériel and products of 
manufacture of paper from wood, straw, &e. 
(b) Processes of bleaching ligneous fibres. (c) Hand 
and machine-made paper; apparatus for satining, 
glazing, wa » Stamping paper, &c, Cutting, 
embossing, and machines. (d) Bleaching 
and dyeing materials for papers and tissues. (e) 
Printing — in colours; machines for engraving 
printing rollers, (/) Matériel, apparatus, and pro- 
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ducts of the type foundry ; clichés, kc. (g) Machi- 
nery employed in t; phy, stereotyping, engrav- 
ing, lithography, chromo-lithography, &c.; com- 
posing and distributing machines; bank - note, 
postage stamps printing-machines, &c, 

Class 61. Miscellaneous Machines.—(a) Coining 
presses. (4) ae er Preparing 
feathers, manufacturing pins, envelopes ; i 
machines and teoah-aoabieg machines et pa 
facture; capsule manufacture, &c. (c) Tools and 
processes for making clockwork, toys, marquetry, 
&c. (d) Bookbinding machinery and tools; writ- 
ing machines, 

Class 62. Carriages, Vehicles, and Accessories.—(a) 
Separate portions of carriage work and fittings: 
wheels, tyres, axles, axle-boxes, &c. Springs and 
different modes of suspension. (6) Systems of 
harnessing; brakes. (c) Carriages and vehicles. 

Class 63. Saddlery and Llarness Work.—This class 
a all the miscellaneous articles implied by its 
title. 

Class 64. Matériel for Railways.—(a) Separate 
objects; springs, brakes, &c. (4) Fixed plant; 
rails, fishplates, crossings, switches, turntables ; 
water cranes and tanks; optical and acoustical 
signals. (c) Fixed plant for tramways; rolling 
matériel : passenger carriages, ballast wagons, 
and cattle wagons; locomotives and tenders. (a) 
Steam carriages and small locomotives. (e) Specia 
machinery and tools for construction, maintenance, 
and repairs of matériel, (/) Plant for working in- 
clined planes for atmospheric railways, models of 
engines, systems of traction, and miscellaneous 
auxiliaries to railways. (g) Models, plans, and 
drawings of stations, depdts, and railway buildings. 

Class 65. Telegraphic Matériel and Processes.—(a) 
Telegraphic apparatus dependent on the trans- 
mission of light, sound, &c. (4) Electric tele- 

phy, poles, conductors, insulators, &c. (c) 
lectric batteries, transmitting and receiving appa- 
ratus, (d) Electric bells and signals, (¢) Military 
telegraphy ; accessories of the telegraphic service, 
commutators, paper for telegraph printing, and for 
auto ic transmission. (/) Special apparatus for 
atmospheric telegraphy. 

Class 66. Civil 
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Architecture.—(a) Materials for construction : stones, 
wood, metals, ornamental stone, lime, mortar, 
cements, artificial stone and béton, tiles, bricks, 
slabs, slates, paper, and other materials for roof- 
ing. (4) Appliances and tests for earthworks; ex- 
cavators ; workshop tools and appliances ; artificers’ 
tools. (c) Lockwork; gratings, gates, brackets, 
staircases, &c. (d) Matériel and appliances for 
making foundations; piling engines, screw piles, 
pumps, pneumatic apparatue, ing machines, 
matériel for hydraulic works, seaports, canals, and 
rivers, (¢) Matériel and apparatus for the dis- 
tribution of gas and water; materials for the main- 
tenance of roads, plantations, and promenades, 
(/) Models, plans, and drawings of public works, 
bridges, viaducts, aqueducts, sewers, locks, y 
&e. () Lighthouses, public monuments, civil build- 
ings, otels, private residences, workmens’ dwell- 
ings, &c. 

Class 67. Matériel and Appliances connected with 
Navigation and Saving of Life.—(a) Pm and 
oatin 


models of docks, basins, &e. () 
Drawings and models of ships of all kinds employed 
for river and sea navigation. Types and models of 


systems adopted in the Navy. (e) Boats and small 
craft. oo for equipping ships. (¢) Flags 
and signals. Apparatus designed to prevent col- 
lisions at sea; buoys, floats, &c. ) Appliances 
for teaching swimming, and life-saving apparatus, 
diving bells, submarine boats, life boats. Appliances 
for saving life from shipwreck, fire, and other 
accidents, (g) Pleasure boats. aan) 

Class 68. The Art of War.—(a) Engineering and 
fortification. (4) Artillery, arms, carriages, trains, 
and projectiles of all classes. (¢) Equipments, 
uniforms, and camp appliances. (¢) Military tran- 
sport. (/) Military topography and geography. 


Group VII. ALIMENTARY PRODUCTS. 


This group includes eight classes, which may be 
briefly summarised : Class 69 refers to cereals and 
farinaceous products ; Class 70, the Pama of the 
baker and confectioner ; Class 71, fatty alimentary 
bodies, milk and eggs; Class 72, meat and fish. 
Vegetables and fruits are collected in Class 73, and 
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condiments, spices, sugar, &c., in Class 74. Fer- 
mented liquors are placed in Class 75. 


Group VIII.—AGRICULTURE AND PISCICULTURE. 


Class 76. Specimens of Industries coming under 
this Group.—(a) Rural. buildings of different 
countries. (4) Types of stables, sheep farms, pig- 
geries, and breeding and fattening establishments. 
(c) Fittings to stables, kennels, &c. (d) Appa- 
ratus for preparing the food of animals. (e) Agri- 
cultural machinery in motion, steam ploughs, 
mowers, and reapers, thrashing machines, &c. (/) 
Distilleries, sugar factories, refineries, breweries, 
starch works, silkworm culture. (gy) Wine, cider, 
and oil presses. Classes 77 to 82 are devoted re- 
spectively to horses, donkeys, and mules; to cattle ; 
tosheep and goats ; to pigs and rabbits; to poultry ; 
and to dogs. Class 83 refers to useful and noxious 
insects. (2) Bees, silkworms, &c.; cochineal ; modes 
of rearing and preserving bees and silkworms, and 
modes of destroying noxious insects. 

Class 84. Fish, Crustacea, and Mollusces.—(a) 
Aquatic animals useful in the living state. (4d) 
Aquarium ; pisciculture. (c) Modes of breeding 
fish, molluscs, and leeches. 


Group IX.—HorrtIcu.ture. 


Class 85. Conservatories and Horticulture Matériel. 
—(a) Gardening tools. (4) Watering and iawn 
dressing apparatus. (c) Large conservatories and 
their fittings; window conservatories. (d) Aqua- 
riums for aquatic plants. (e) Fountains and orna- 
mental objects for gardens. 

_Class 86. Flowers and Ornamental Plants.—Ex- 
hidits of plants and types of culture, illustrating the 
characteristics of the gardens and dwellings of dif. 
ferent countries. 

Class 87. Useful Plants —Exhibits of herbs and 
plants of the kitchen garden, and of modes of cul- 
ture, illustrating the characteristics of different 
countries. 

Class 88. Fruits and Fruit Trees.—Exhibits of 
plants and specimens of fruit, illustrating charac- 


teristics of culture in different countries. 
Class 89. Forest Seeds and Plants.—Exhibits of 








plants, seeds, &c., illustrating forest culture in dif- 
ferent countries. 

Class 90. Hothouse Plants,—Exhibits of hothouse 
plants grown for ornament or use. 


ADMISSION TO THE EXHIBITION, 


The arrangements by which the entrance of the 
= to the Exhibition are to be regulated, have 

en the subject of much careful consideration 
amongst the General Commission, It was de- 
termined that the modes of paying at the doors 
hitherto practised has many inconveniences, while 
the turnstiles are awkward, slow, and incorrect. On 
the other hand, visitors taking the precaution of 
procuring tickets beforehand, would not be com- 
pelled to wait their turn to enter, and a reduction in 
the number of officials might be effected. 

Public announcements have recently been made 
in Paris upon this subject, and from them it appears 
that the use of the turnstiles is entirely abandoned, 
In order to enter it is necessary for the visitor to 
provide himself with a ticket in advance; these 
tickets may be obtained at all post-offices, telegraph 
offices, tobacconists, &c., as well as at the stations 
of the public conveyances (omnibuses, tramways, 
and steamboats), the hotels, cafés, and wine shops, 
booksellers, and newsvendors in the kiosques. e 
price of the ticket is one franc. Any person desir- 
ing to act as agent for the sale of tickets to the 
public is permitted to do so on making application 
to the Ministére des Finances, Cash g bey are 
required for the tickets, a discount of 2 per cent. 
being allowed as the agent’s profit; the tickets 
which remain unsold will be retaken and allowed 
for by the Treasury, during the month following the 
closing of the Exhibition. 

There will thus be established several thousands 
of depéts for the sale of tickets in Paris, so that 
visitors to the Exhibition will have no excuse for not 
furnishing themselves with the means of entrance. 
There are at the Champ de Mars seven, and at the 
Trocadéro five large gates. Visitors will not, there- 
fore, be obliged to stand en queve as at former ex- 
hibitions, but will enter easily and rapidly without 
any obstruction, With regard to the yisitors who 





neglect to procure tickets in advance, he, Fon 
obtain them in the neighbourhood of the Exhibition, 
either in the kiosques specially established by the 
Administration, or at the agents’, who, as we have 
explained above, will be authorised to sell them. 
But as the number of visitors will probably exceed 
100,000 per day, or as a certain percentage of them 
will neglect to provide themselves with tickets before 
they reach the Champ de Mars, it is probable that 
these special offices will be always crowded, and 
much delay will be thus occasioned to the negligent 
visitor. 

The system of turnstiles adopted for the first time 
in London at the Exhibition of 1851, and afterwards 
used in France for those of 1855 and 1867, has grave 
imperfections. A turnstile has to make an entire 
revolution for the entrance of each person, and from 
this arises an obstruction at the entrance of crowded 
resorts, which causes just complaint, 

With the new system of tickets, 500 persons at 
least can enter by the same entrance per hour, and as 
there are 58 entrances in all, 30,000 persons can enter 
almost simultaneously, 

Tue British CATALOGUE. 

The catalogue of the British Section of an inter- 
national exhibition is always well arranged, care- 
fully edited, complete in its information, and at the 
service of the public in good time. The present is 
no exception to the general rule; indeed, we may 
safely say that it is the best catalogue that has 
hitherto been produced. It is issued in two parte, 
for convenience of reference, not because of its 
cost, since it is sold in Paris for three francs. The 
first part contains two well-executed poems A 
the ‘one showing the facade of the prong ate 
building, and the other that of the éro 
Palace. This part contains 283 pages, and its 
contents comprise the usual official information, a 
synopsis of the classification, an alphabetical list of 
exhibitors, and the detailed catalogue divided into 
the ninety classes into which exhibits are arranged, 
The Commissioners by royal appointment are 
sixty-two in number, including six who officiate by 
virtue of the offices they hold, The body was 
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selected so as to be representative of all the leading 
industries of the country, as well as of science and 
arts, This Committee bas been rather consultative 
than executive, with the exception of the President, 
the Prince of Wales, who has laboured continuously 
at the task he was graciously pleased to undertake, 
with what results are already evident. A number 
of sub-committees were appointed by the Prince 
on the 17th February, 1877, as follows: Finance, 
six members ; the Fine Arts, ten members; the 
Indian Empire, six members; the Colonies, 
four members ; Science and Education, seven mem- 
bers; Trade and Commerce, twelve members ; and 
Machinery in General, sever members. The Prince 
presides occasionally over the meetings of these 
various committees, and always over that of Finance. 
The Executive consists of the Prince of Wales, 
President; Mr. P. C. Owen, C.B., Secretary; Mr. 
Gilbert C. Redgrave, Architect ; Mr. J. Anderson, 
Superintendent of Machinery ; Mr. Brandreth Gibbs, 
of the Agricultural and Horticultural Division, be- 
sides the various officers and employés. The Indian 
Empire is represented by Mr, P. C. Owen and Mr. 
C, Purden Clarke, official agent and architect. Six- 
teen of our colonies are present at the Exhibition— 
namely, the Dominion of Canada, with seven com- 
missioners; Jamaica, with five, Mr. P. C..Owen acting 
as secretary ; British Guiana has one commissioner ; 
Trinidad, one; Lagos, one (Mr. P. C, Owen, secre- 
tary); Cape of Good Hope, two; Ceylon, one; 
Straits Settlements (Mr. Owen, secretary); the 
Mauritius, four (Mr. Owen, secretary) ; Seychelles 
(Mr. Owen, secretary) ; New South Wales, forty- 
three commissioners ; Victoria, fourteen ; Queens- 
land, eight; South Australia, twelve; Western 
Australia, fifteen, Mr. Owen, secretary; and New 
Zealand, one. Thus there are upwards of two 
hundred gentlemen representing this country and 
its dependencies at Paris ; it is to be observed, too, 
that despite his manifold duties, Mr. Owen has con- 
sented to act as executive officer in a number of in- 
stances. Continuing to review the catalogue, we find a 
brief description of the fine buildings facing the British 
facade, in the International Avenue, and a list of 
the exhibitors who have contributed to the decora- 
tion and furnishing of the Prince of Wales’s pavilion ; 
there are nineteen of these, most of whom worked 
from the designs furnished by Messrs. Gillow and 
Co,, as it was made a condition that the contents 
of the pavilion should harmonise throughout, 
The firms who have lent objects to the Royal 
Commissioners for their use are twenty-five in num- 
ber. The most important, however, are Appleby 
Brothers, who have a ape cranes ; Messrs, Aveling 
and Porter, and J. Fowler and Co., traction engines ; 
Messrs. Galloway and Sons, engines and boilers; 
Merryweather and Sons, fire-engines; and Lewin and 
Wigzell and Halsey, steam Jaunches. 

After the index to exhibitors comes a list of 
amateurs who have lent works of art for exhibition ; 
this list, headed by the Queen and the Prince of 
Wales, includes over 130 names, most of them dis- 
tinguished as collectors, As stated in another place, 
Group I, of exhibits includes works of art, and is 
divided into five classes. Arranged in Class | (oil 
paintings) are 283 pictures, the works of 131 artists. 

n Class 2 (water colours) there are 19] drawings 
by 106 artists. In Class 3 (sculpture) there are 46 
exhibits by 23 artists. In Class 4 architectural 
drawings and models) there are 17] exhibits by 64 
artists. In Class 5 (engravings) there are 17 exhibitors 
and 42 objects. 

We may summarise in a short Table the number of 
exhibitors in the remaining classes. 

No. of No. in 
enn. Gaaeyh. 


No. General 
of Class. Designation. 


6. Education of children 
7. Secondary instruction 


8 
9 
10. 
ll 
12 
13 
14. 
15 
16. 
17. 
18 
19. 
20. 
22. 
23. 
24. 
25. 
26. 


. Superior 99 
L Priating and books ... 
. Stationery, &. eee 
. Drawing and modelling 
- Photography ... nes 
. Musical instruments... 
Medicine oa “in 
. Scientific instruments 
otal for Group II. 
. Furniture... me 
+g holstery, &c. 
Ceramics eco 


Paper-hangings 
Cutlery bes 
es work 


Bronzes, &c. ... ee 
Clocks and watches ... 


eee 


8 
38 
At 
15 
-. BO 
~ 
16 
17 
6 
38 


" 30 
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Date. | Government. Location. Duration. |Namber of| Namber of Buildings. 
days. 
1798 | The Directorate ...| Champ de Mars... 3 110 23 | Temporary. 
1801 | TheConsulate  ...| The Louvre i 6 220 80 | Already existing. 
1802 > “a os ps 7 540 254 ~ 
1806 | The Empire... ... { The Saad a 24 1422 610 | Temporary. 
1819 | Lou's XVIII. ...| The Louvre __... 35 1662 862 | Already existing. 
1823 7 pas rs 50 1642 1091 sa 
1827 | Charles X. ... ove - ae 62 1695 1254 ad 
1834 | Louis Phillipe ...| Place dela Concord 60 2447 1785 | Temporary. 
1839 pa .| Champs Elysées ... 60 $281 ” 
1844 ” ” %° 60 3960 3253 ” 
1849 | The Republic os pe 60 4494 3738 “ 
No. General No. of No.in | displayed by Mr. Owen in the conduct of his almost 
"a Hating and " iting a Groups. | innumerable duties and responsibilities. 
. ertume eee eee eee eee 
29. Leather a... ose ove eo O81 Previous EXHIBITIONS. 
Total for Group III... — 23 Since 1851 no less than six great international ex- 
30. Cotton... tee es o- §=28 hibitions have succeeded the great celebration in 
= as ° = Hyde Park, which was essentially the work of the 
33. Wool . . "69 Prince Consort. The history of exhibitions naturally 
94. Silk .. .. 38 dates back to that year, although many previous 
35. Shawls... ... i ones had been held, but these were all on a limited 
36. Bosse ane oo» 16 scale, and were not strictly international. From the 
bg eid &e. ... ve a record of the Exhibition of 1862, published by the 
39. Soudan - — a Practical Mechanics’ Magazine, we obtain the tabu- 
4. Susiiarms ... 18 lated statement above given of early exhibitions 
41. Travelling equipments a held in France : 
42. Toys ... ee ee <« = 
‘a = in Pye 7 a 292 Tue Exuisirion OF 1851. 
L—_— . - =. ae ‘The idea of the Great International Exhibition of 
2 CS Pe aaa ee 1851 was due to the Prince Consort, and the first 
46. —— products (not alimen- , official meeting in connexion with it took place at 
ry ee i Buckingham Palace on the 30th of June, 1849. A 
S Chemical products ... o & site of 36 acres was secured in Hyde Park, and appli- 
‘ ” processes ... 8 . a “yay 
49. Leather oe zs 16 cations were made for competitive designs. A very 
Total for Group VI. rats ae ) 2 large number of these were submitted, but none 
50. Mining and metallurgical appliances 25 were approved of, and the proposals of the Building 
51. Agricultural implements .. ... 66 Committee were also entirely unsuitable. Finally, 
<a lS Sir Joseph Paxton solved the difficulty by his design 
. Chemical apparatus ... » 15 rn 4 ° ate r thy 
MBikinn ..  ... 79 with which every one is familiar, and which has in- 
55. Machine tools... py eR fluenced more or less the designing of most succeed- 
56. Spinning and rope-making ... 15 ing exhibitions. It is worthy of notice that in the 
2 . Sing olothes wee ae =. construction of the building a unit of 24 ft. 
5 Apparat for making clings 18 me shpreane hates Se cetenemeoeee 
Gl. Miscellaneous machines ... .. 7 Exhibition of 1876. The Exhibition was rectan- 
62. Carriages a 41 gular in plan, 1850 ft. long and 456 ft. wide. ~ It 
63. Harness oh Toe? MS es consisted of a great central nave 72 ft. wide and 
= a peated eft 02% 19" 7 64ft. high. In the centre this was crossed by a 
66. Civil engineering — a transept of the same width, but covered with an 
67. Navigation, &. . 6 arched roof 104 ft. in height. On each side of the nave 
68. The art of war a 6 there was a series of aisles 24 ft. span and 44 ft, and 
Total for Group VI. =~ GS 24 ft. in height. Galleries 23 ft. above the ground ran 
S ae meee » around the building, and the total amount of floor 
71. Fatty substances... a space was 772,784 square feet on the ground level, 
72. Meat and fish i a and 217,100 square feet in the galleries, or a total 
ve. pe ae El x a of 989,884 square at = as this structure was 
. Condiments ... eee dé see in comparison with those forming subsequent ex- 
75. Fermented drinks .. =... =... 31 hibitions, it indisputably supanel everything that 
83 MR pis ee nd Pas aa 101 had gone before, or had been even proposed, and 
Total for Group VIII. 1 it was the only great Exhibition that has ever 
85. Conservatories KS . 22 proved a grand financial success. It was completed 
Total for Group IX. — 22 in a remarkably short time, the contract for the 
Total isi building having been let on the 26th July, 1850, 
Total in Group or 341 to Messrs. Fox, Henderson, and Co., while the 
ase ee opening took place on the Ist May, 1851, so that 
Total exhibitors ... —... 2002 the structure was completed in 190 workihg days. 
The second of the catalogue contains a repe- | The contract price for the building was 200,000/. 


tition of the alphabetical list of exhibitors—though no 
reason for this duplication is apparent—an analysis of 
the various localities whence the exhibits have come, 
an exhaustive Customs’ tariff, an abstract of the 
French 4 prem law, and several essays—namely, a 
statistical report of the commerce of the United 
Kingdom from 1867 to 1876; an introduction to the 
Machinery Gallery, by Mr. Anderson ; oneonagricul- 
tural machinery, by Mr. Brandreth Gibbs; and a 
second by the same gentleman on live stock. Finally, 
there is a list of the Chambers of Commerce in the 
United Kingdom, and a similar one for France. We 
must not omit to mention that this is accom- 
panied by an excellently coloured plan of the Exhibi- 
tion, which forms the exhibit of Messrs. Dangerfield 
and Co. A new feature has also been introduced in 
the catalogue, the exhibitors themselves having 
furnished brief explanatory notes of their exhibits, 
and these are embodied in the work. 

Taken altogether, the catalogue is another, though 
quite superfluous proof, of the ability and energy 


or 5s. per square foot of surface covered, a small 
sum compared with the expenditure on subsequent 


exhibitions. This one, too, was complete in itself, 
for the feature perhaps most attractive to the 
meee ee annexes and pavilions—had not then 
m called into existence, It is curious to recall 
here for the sake of comparison the allotments of 
space made to various nations. They were as 
follows : 
. ft. 
Arabia ... és ius ove dno “a0 
Austria... ese wee re «+ 21,750 
ium . 15,000 
Bolivia ... ie bes ove : 100 
Brazil ... +e a eco 1,000 
Buenos Ayres ... . oe 500 
Central Ameri ‘ 300 
China ... eee ow. 2,500 
Denmark as be : see 
Egypt ... 90 eee - * 
Ecuador jovi o ove 100 
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gugeesees, 


Hans Towns ... ove 
Zollverein we 
Greece ... 
Holland... 
Naples ... 
Rome ... 
Tuscany oe ani ose pi 
Mexico ... eos eos eee eee 
Monte Video ... 
Morocco sw 
New Granada ... 
Norway and Sweden 
Persia ... ove 
Pere... os se ine 
Portugal oe a eee 
Russia ... “h eve oes 
Switzerland. ... ove oe vee ose 
Tunis ... i - oe ona eee 
Turkey ... Se 
United States... 
Venezuela oe ion we “i vee 
Western Africa oes odes! "ene §=— 500 
The Exhibition was closed on the 11th of October, 
remaining open 141] days in all. It was, however, 
visited on the 12th of October and the two following 
days by exhibitors and their friends. No money 
was taken at the doors on the first day, admission 
being granted only by season tickets, The total 
number of visitors was 6,039,195, and the receipts 
were 424,322/. 1s. The greatest number of visitors 
came on the 7th of October, when 109,915 persons 
attended. The scale of entrance charges was as 
follows: 2 days at 1/. each; 28 days, 5s.; 30 days, 
Qs, 6d.; and 80 days, ls. 


Tue DusLin EXHIBITION oF 1853. 

Although this was not an international exhibition 
to a great extent, a few facts respecting it will not 
be out of place here. It was a development by Mr. 
A. Dargan the contractor, of the triennial exhibition 
of the Royal Dublin Society. The site available 
measured 400 ft. by 500 ft., and the principal feature 
was a great central hall, 425 ft, long, 100 ft. wide, 
and 105 ft. high. On each side were galleries 
375 ft. long, 50 ft. wide, and 38 ft. high to the spring- 
ing of the arches. Raised galleries, 25 ft. wide and 
325 ft. long, ran down the main hall, 18 ft. above 
the ground. A fine art hall was added, 325 ft. long, 
40 ft. wide, and 38 ft. high in the centre of the roof, 
There was also a gallery for machinery in motion, 
450 ft. long, 40 ft. wide, and 46 ft. high. The area 
covered was 265,000 square feet, and the cost of the 
building was about 56,000/., or 48, 2d. per square 
foot. The work was commenced on the 18th of 
August, 1852, and the exhibition was opened on the 
12th of May, 1853. 


Tse New York Exursiti0n, 1852. 

This was a very small affair, covering a space of 
53 acres, situated in Reservoir-square, New York, 
close to,the Croton Water Works reservoir. It was 
got up as a commercial speculation, was appproved 
by the Legislature in 1852, and was opened to the 
public on the 14th of July, 1853. It was octagonal 
in plan, measuring about 365 ft. by 365 ft. The 
octagon was cut by two naves crossing each other at 
right angles 41 ft. 6in. wide, and with side aisles 
54 ft. wide ; the triangular spaces between the naves 
and the boundaries of the octagon were filled in with 
small span one-story buildings 24 ft. high. The 
central space formed by the intersection of the nave 
was covered by a dome 100 ft. in diameter and 
123 ft. high. Raised galleries ran around the naves, and 
the machinery hall formed a wing, breaking the 
symmetry of the plan. This building possessed no 
particular merit from a constructive point of view, 
nor was it a successful undertaking. 


THE Paris EXHIBITION OF 1855. 

In March, 1852, the Emperor Napoleon decreed the 
establishment of a permanent exhibition building in 
the Champs Elysées. It was originally intended that 
the area enclosed should be 870,000 square feet, but 
this was afterwards increased to 1,050,000 for the 
Industrial Exhibition, and 120,000 for the Fine Arts. 
As completed, the whole of the Exhibition consisted 
of the following parts, to which the costs are 
attached : 


Hert po oe B on 
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Acres. £ 
Palais de I’ Industrie 123 520,000 
Annexe on the Quai de 
illy oa ; « oa 160,000 
Panorama ... 2% ’ 
Gardens __... i oo OE 68,000 
Fine Art Gallery ... jo 


Total ai . 345 788,000 
The cost of the main building was 18s. per square foot. 
This latter was rectangular in plan, 830 ft. long 








by 355 ft. wide. At each corner stood a tower, by 
which access was gained to the galleries. The 
middle of the ETT was occupied by a oa hall 
630 ft. long and 1574 ft. wide, with a height of 
218 ft. Two side — were placed on each side 
and at the ends of the building, and above thema 
gallery 90 ft. wide and 25 ft. above the floor ran 
around the whole structure. The annexe was alsorec- 
tangular in plan, and about 4000 ft. long and 884 ft. 
wide. It was constructed of stone —_ 18 ft. high 
and 26 ft. apart, supporting semicircular roof trusses. 
At each end, and in the centre, vestibules of con- 
siderable architectural pretensions were constructed, 
It is almost needless to say that the Palais de 1’In- 
dustrie and the Panorama still remaiu as mementoes 
of this Exhibiton. ,The distribution of the space was 
approximately as ary : 


cres. Acres. 
France 13 Belgium ... Ves 1 
Great Britain Switzerland ve 0} 
Germany ... i The United States 04 
Austria ... 1 Wurtemburg 0+ 


The remaining space was divided among fifteen 
other countries. ‘There were in all about 21,000 
exhibitors, half of whom were French. The mean 
space allotted to each English and Belgian exhibitor 
was 72 square feet, arid to each French exhibitor 
50 square feet. In the industrial sections 6564 
medals of all classes were distributed, and there 
were 4000 honourable mentions. The Exhibition 
was opened to the public on the 15th of May, and 
closed the 30th of November, making a total of 200 
days; the following were the prices charged for 
admission. Season tickets for the industrial section, 
27.; for the fine arts section, 2/. For single admis- 
sions 5 francs, 2 francs, 1 francs, and 20 centimes, 
or 2d. On Sunday, the 27th of May, the Exhibition 
was opened free. The largest attendance on any 
one day occurred on Sunday the 9th of September, 
when, 123,017 persons were present. In all 5,162,330 
visitors entered the buildings, and 128,099/. were 
received. 

The classification adopted was as follows: Group 
I. Raw materials, three classes ; Group II. Mecha- 
nical industries, four classes; Group III. Special 
industries, four classes ; Group IV. Science exhibits, 
three classes; Group V. Mineral industries, four 
classes ; oaoep VI. Textile exhibits, five classes ; 
Group VII. Furniture and decoration, four classes ; 
Group VIII. Fine arts, three classes. Exhibits 
relating to domestic economy were arranged in 
another class outside these groups, 


Tue Lonpon Exursirion OF 1862. 

The London Exhibition of 1862 was held on the 
estate purchased by the Commissioners of the 
Crystal Palace of 1851. Sofar as the buildings are 
concerned it was undoubtedly the least success- 
ful of any of the great international exhibi- 
tions, They were partly permanent and partl 
temporary. The main building facing the Cromwell- 
Tt Kensington, has a frontage of 1150 ft., an 
average width of 50 ft., and two stories in height. 
In the centre is the grand entrance hall, vestibule, 
and staircases, with long fine art galleries in front, 
At the back is the great nave, 800 ft. long and 85 ft. 
wide, with a height of 100 ft. At either end are 
the two great domes 160 ft. wide, measured across 
the angles. Wings at right angles to the nave 
formed the remaining portion of the building; these 
last were about 600 ft. long and 85 ft.in width. The 
spaces between the wings are roofed over. The 
temporary wooden annexes for machinery and agri- 
cultural exhibits formed extensions of the wings 
running north, The original estimate for the 
buildings was 590,000/., but this was after- 
wards reduced, and the arrangement made 
with the contractors, Messrs. Kelk and Lucas, 
was of a peculiar and speculative kind. These gentle- 
men undertook the responsibility of the work, upon 
receiving a rental of 200,000/. for the use of the 
building during the period of the exhibition, a fur- 
ther sum of 100,000/. if the receipts exceeded 
400,000/., and they were bound to sell the building 
afterwards to the Commissioners if required to do so 
for the sum of 130,000/. The total area covered 
was 988,000 square feet, and the entire area of the 
enclosure 1,023,000 ft. ‘The two annexes covered 
between them 290,000 ft. The cost of the building 
was about 8s, per square foot, The arrangement 
of the exhibits was an extension of that adopted in 
1851, when all was included under four main 
sections: 1. Raw materials and produce; 2. Ma- 
chinery, engineering (civil and military), and science ; 
3. Manufactured products; 4. Fine arte, In 1862 
there were thirty-six classes, combined in eight 





groups: 1. Raw materials, chemicals, food, &c., 
five classes; 2. Machinery, tools, and implements, 
three classes; 3. Engineering, civil, military, and 
naval, five classes; 4. Iron, steel, and precious 
metals, three classes; 5. Jewellery, two classes; 
6. Textile materials, seven classes ; 7. General manu- 
factures, four classes ; 8. Philosophical instruments, 
paper, printing, education, &c,, seven classes. The 
ollowing is a list of the distribution of space : 


sq. ft. 

Austria... ah hia ove 36,000 
Hans Towns 6,225 
Zollverein ab seo 49,500 
Belgium... oe eco 21,930 
Holland... ai oun 7,200 
France ... 94,419 
Switzerland... int 9,000 
Norway and Sweden ... 7,200 
Russia ... eee Aes 10,800 
Costa Rica eee 724 
Peru ; 624 
Italy 8,906 
Ecuador ° ° 1,000 
Brazil 1,200 
Turkey 6,250 
Spain : 4,000 
Portugal 3,531 
3,469 


Rome _... ees sae so ai 

Besides the above, in the machinery annexes, 
Belgium occupied 15,570; Austria, 6000; France, 
24,750; and the Zollverein, 20,250 square feet; 
Great Britain and her colonies reserved about 420,000 
square feet. 

The Exhibition was opened on the Ist of May and 
closed on the 15th of November, making 171] days 
in all. Only season-ticket holders were admitted on 
the first day. The following is an analysis of the 
charges : 

8. 
On 2 days the entrance fee charge was : 


” ” ” ” 


” 16 ” ” ” 


” 63 ” ” ” 


me raeoS 
cacoo 


The greatest number of visitors on any one day was 
(October 30th) 67,891; the total number of visitors 
was 6,211,103, and the total receipts 408,530/. 


Tue Paris EXutsition oF 1867. 

The Exhibition of 1867 was arranged on a totally 
different principle to any of its predecessors, and it 
is improbable that the plan will ever be repeated, 
because it offered no special advantage to counter- 
balance the extravagant mode of construction that 
rendered the material of the building practically 
useless for any subsequent purposes. It occupied 
the centre of the Champ de Mars, and in plan was 
formed with two semicircular ends joined by straight 
lines in the centre. The total length was 1617 ft. 
and the width 1246 ft. This space was occupied 
by a series of ten concentric courts, the inner one en- 

osing a central garden about 500 ft. long by 170 ft, 
wide, The outer of these was an open colonnade 
16 ft. 3in. wide; the second was a covered court 
32 ft. 10 in. wide and 24 ft, 6in. high, This 
zone was devoted to food products, and con- 
tained the international restaurants which formed 
so special a feature of the Exhibition, The 
third zone had a clear width of 11] ft., and was 
covered with an arched roof 82 ft. high in the centre, 
This was the hall for machinery and mechanical 
processes. The fourth, fifth, and sixth galleries 
were each 76 ft. span and 24 ft. high, separated 
from each other by narrow covered passages; they 
were devoted respectively to raw materials, articles 
of clothing, and furniture. Gallery No. 7 was 
19 ft. 6 in. wide, and was filled with educational 
exhibits. No.8, which was 49 ft. wide, was devoted 
to the fine arts, and No. 9, 27 ft. wide, to the 
history of labour. The last or inner zone was an 
open court, facing the central garden. These courts 
were divided by two main avenues dividing the 
building in its two axes, and called, the longer one, 
the Avenue de l'Europe, and the shorter, the Rue 
de France and the Rue de Russie. Besides these 
a number of narrower radiating paths, converging 
from |the outer to’the inner courts, divided 
the exhibits and facilitated circulation. A large 
number of annexes were built in the Champ de Mars, 
leaving more room, however, for garden decoration 
than is available at the present Exhibition. The 
exhibits were divided into ten groups, indicated 
above, and these again in 95 classes. The cost of . 
the building was about 800,000/. The Exhibition 
was opened on the lst of April and was closed on the 
8rd of November, making a total of 217 days. ‘The 
arrangements for admission were rather unusual, 
From the 18th of December $66, to the 16th of 
March, 1867, visitors were admitted for] franc to 
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PORTABLE BORING MACHINE FOR LOCOMOTIVE CYLINDERS, AT THE PARIS EXHIBITION. 
CONSTRUCTED BY MESSRS. SHARPE, STEWART, AND CO., ENGINEERS, MANCHESTER. 


(For Description see Page 351). 





nave was intersected by 16 transepts, 572 ft. long, 
51 ft. lin. wide, and 41 ft. high. The two 
transepts at each extremity of. the building were 
connected at their ends, so as to form enclosures, 
which were converted into courts. The spaces be- 
tween the remaining transepts were left open, and 
served as gardens, or were occupied by exhibits be- 
longing to the nation owning the adjacent transept. 
The great feature of the Industrial Hall wasthecentral 
dome, suggested by Mr. J. Scott Russell, and ad- 
mirably carried into execution, This rotunda was 
348 ft. in diameter, and it was enclosed by an exten- 
sion of the nave which surrounded the dome, 
forming a quadrangle 675 ft. 10 in. square. The 
Machinery Hall was parallel with the Main Build- 
ing. It was rectangular in plan, 2625 ft. long, and 
164 ft. wide, It was divided into a nave and two 
side aisles, the former 96 ft. 9 in, in width, and 13 ft. 
2 in. high to the roof opening. The Fine Arts 
Gallery was a building of great architectural pre- 
tensions. 

The following is a list of the number of exhibitors 
of different nations who took a part in the Vienna 


Exhibition : 

Number of 

Exhibitors. 
England eas ae a 
rance ... 2505 
Switzerland . 979 
ea : 1023 
Sweden ... ‘ 944 
Norway... ose e 152 
Denmark ah as aaa oe t 470 
Holland... as na ian ove ove 349 
Belgium : ; 584 
Germany . i me ads .. 2459 
Austria ... bas eee abi eee ee 7290 
Hungary ser; Laciione ante 1197 
Russia ... ‘ah ~ = om io 266 
Greece ... “A woe ih on as 480 
United States ... pan ee waa ie 700 
Republic of Salvador i 5 
PONE 003? whe St Bl aie 18 
20,205 


Besides the above, space was also alloted to Tunis, 
which contributed 641 objects, Siam 111, and Japan 
4000 different exhibits. The contents were divided 
into 26 groups. The number of exhibitors in the 
Principal groups was as follows: 


2 Exhibitors. 
1. Mining and metallurgy oo at 1139 
2. Agricultural and forestry... ove 3173 
3. Chemical industry oes ‘ ee 1964 
4. Alimen’ products ... es 2653 
5. Textile industry os fis ove 4641 
6. Leather and rubber goods... ‘ 876 
7. Metal industry ... ose Rie 1108 
8. Wood __,, “} ae te 775 
9. Stone, ceramics, and glass 617 
we ce ele. thew tae 641 


Exhibitors. 
11. Paper industry ... seb ee de 506 
12. Graphic arts... - ove 846 
13. Mechanical industry ... ue kde 1380 
14. Philosophical instruments _... 563 
15. Musical instruments re ‘ 213 
16. The art of war ... é . 124 
17. The navy.... dab ooo ; 137 
18. Civil engineering i " 459 
19. Domestic dwellings 7 52 
20. Farm industries... ia dod eco 669 
21. National domestic industry ... 56s 198 
22. Fine Art Museum ait o00 ose 1 
23. Religious art... i ae ove 7 
24, Education wad ig ase Sd 1272 

The particulars of the attendance to the Exhibi- 


tion may be summarised as follows: The total 
number of vixitors admitted and the money taken at 
the doors were : 




















Free 
— Paid. |Passesand| Total. Amount 
Tickets. | 
£ 
May 269,061 | 817,176 | 586,237 22,022 
June 683,601 444,163 | 1,127,764 44,982 
July... 515,652 528,313 | 1,043,965 29,857 
August «| 496,063 ¥ 1,078,891 25,382 
September...| 651,419 646,941 | 1,298,360 32,665 
October ...| 876,826 728,457 | 1,605,283 43,894 
3,492,622 | 3,247,878 | 6,740,500 | 198,802 
From season tickets KS 7,672 
Total 206,474 











A very small number of season tickets were sold 
during the Vienna Exhibition; the total of 7672/. 
was made up as follows: 

Price. Number. oc 
8. 


& 3. 
Season tickets @ 10 0 425 4250 0 
99 a 6c. 395 1975 0 
99 . 210 379 947 10 
Two weekly tickets @ 010 1000 500 0 


9672 10 
The daily average number of visitors and money 
taken is given in the next Table. 
Average Number of Visitors during the Exhibition. 








Price of | Average A 

Number of Days. Admis- | Number ne 
- | sion. /each Day. Receipts. 

8. £ & 
1 Sunday 4 2,000 40 «(0 
Pa ae 1 31,050 1552 10 
4 saints’ days... 1 45,000 | 2250 0 
50 days ... ote 2 8,590 859. 0 
101 ,, 1 18,336 916 16 














The Exhibition was opened 186 days in all, from 
the 1st of May. to the 2nd of November. The greatest 
number of visitors was present on the last-named 
date, when 135,647 persons entered the building. 
The 22nd of August showed the second-best results, 
when 102,342 people passed the turnstiles; but a 
large proportion of these came for the fétes in the 

ounds and not to visit the buildings. The worst 

y was on the 9th of May, when only 2049 
visitors were present, Altogether the attend- 
ance was very low as an average, and on the most 
crowded day, there were nearly 40,000 less people 

resent than on the principal occasion during the 
aris Exhibition of 1867. 


THE PHILADELPHIA EXHIBITION OF 1876. 

The Philadelphia Exhibition of 1876 was held to 
celebrate the Centenary of the Declaration of Inde- 

ndence of the United States of North America, 

he first official action taken in the work was a 
meeting held in Philadelphia on August 1], 1869, 
by a number of influential citizens who subsequently 
memorialised Congress, On March 3, 1871, an Act 
of Congress approving of the undertaking was 
a and the necessary committees were formed 
or entering upon the work. On the 21st November, 
1872, subscriptions were opened for a period of 100 
days, for Congress had refused to take any pecuniary 
responsibility in the matter. The applications for 
subscriptions were very largely and promptly re- 
sponded to, and the city of Philadelphia contributed 
half a million dollars towards the work. On the 25th 
February, 1873, the Executive Committee was author- 
ised by the General Commission to procure plans for 
the Exhibition, in accordance with specifications that 
had been prepared. Forty-three competitive de- 
signs were submitted. None of the plans, however, 
complied at once with the views of the Commission, 
and with the resources available, and it was finally 
decided that the two main buildings—the Industrial 
and Machinery Halls, should be entrusted to Mr, 
J. M. Wilson and Mr. H. Pettit, jointly. The 
Memorial Hall, the third most important structure 
of the Exhibition, was designed by M. H. J. 
Schwarzmann, one of the engineers of Fairmount 
Park. Work was commenced about July, 1874. 
The site selected was the most extensive yet allotted 
to any International Exhibition, it being Fairmount 
Park, lying outside Philadelphia, and having an area 
of 2740 acres, although of course only a portion of 
this was fenced in for the Exhibition grounds. The 
Main Industrial Building was rectan, in plan, 
1880 ft. in length, and 464 ft. wide. It consisted of 
a central hall 120 ft. span, and of two side avenues 
of 100 ft. each, ted from the former by aisles 
of 48 ft, width, with adjacent galleries of 24 ft, A 
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transept cut the building near the centre of its length, 
composed of a central avenue 120 ft. wide, and two 
side ones of 100 ft. each. The height from the ground 


























-< : ah a a 14,482.60 =.14; ; ed. 
to the roof springing was 45 ft., and to the ridge es, system of pipes, plage, &c. 22'576.35 = _ . of the building. 
70 ft. but at the centre of the building where the | «,, .uopiy, systemof pipes, meters, and fixtures 4. 0... os 22,696.58 { = fats ® eats oe comansbatudiien, 
galleries intersected, the total elevation was about Foundations and superstructure (exclusive of painting) ols, ss ; 
100 ft, The framework of the building was entirely | original pid for 18-acre building ... ... ... _ 1,040,000,00 
of iron, and the interior was lighted by side windows —- ee aan, addition of central pavilion eases 
as well as from the roof. The exhibition space was| fpriras for speeial arrangements and improve- Port 
entirely on the ground floor, although there were SE a wll 88,724.20 
galleries at the ends and centre of the building, but 1, 508,794.20 
these were set apart for offices and special purposes, | Plumbingand sanitary arrangements... ., 12,705.15 
The areas covered by flooring were : Painting taste snsnate 
pase outside io - = ee 
eet. Acres. ” -otaalinge 60,482.87 
= 9,480. 
ey oe a a pe ee ae =79,569.65 per acre covered. 
” » in towers ... 26,344= .60 pena: {=  OaAL percud. feof content of the bailding. 
Total 936 008=21.47 Office  zpennes, stationery, printing, lithographing, and ad- ~s 
os aes 3a 5 . ver’ one coe ove ove oe ove vee one . , 
The axis of the Machinery Hall coincided with Engineering and superintendence, labour and materials ... 34,069.87 96,822.84 per acre covered 
that of the Main Building, and the two were 542 ft. imewon = 1 98 footes a 
apart. Aside of the projections for aa, the ppnow ee ‘03,3, per cub. ft.of content of the building. 
plan of the building was rectangular, and it measured rue ATTENDANCE AT THE PHILADELPHIA EXHIBITION. 
1402 ft. by 360 ft. There was also an annexe for Sue 
hydraulic machinery on the south side 210 ft. by ATTENDANCE. Receipis. 
208 ft. The hall was in five spans, the: centre and 
the outer ones being 60 ft, each with aclear headway, 
of 20 ft., and the intermediate spaces of 90 ft 9) Paid. Passes Paid.| Passes. 
with a headway of 40ft. The area enclosed was - as 
588,440 square feet, or 12.82 acres, besides the first os 2 ey " . © ae Y) 
floor galleries used ‘for offices, &e. This building a +> § g — a # 18 Fae 8 a Amount, 
was also framed entirely of iron. Steam for machi- a 3 = R ; Bg = | , P 
nery in motion was supplied by four boiler-houses, | : eg Se] 3 AV 
the construction of which was of the same character z 8 AS) 3 18 
as that of the Machinery Hall. The space in the . 
j i i ols. 
i . 973,980| 124,171 | 110,344| 613,495| ... | .. || .. | 618,495] 189,490.00 
G t B itain 35,987 June oe 695,666 238,889 17,622 952,177 ove eee eee oe 952,177 347,833.00 
a 4200 —| July... 696,278! 255,974| 18,955} 906447; 0 | ow. fu] 906,447 | 318,199.00 
—— ~ 10°553 August ...| 154,731 | 758,953; 256,096| 10,534| 1,175,814| \.. | ... |... |... | 1,175,814| 415,659.25 
France ow 9°375 | September ...| 474,683 | 1,581,233, 285,391 | 14,308 | 2,355,615 |75,075| 7,793|1206) 84,074 | 2,499,689 | 928,056.00 
Belgiam ~~ "gap «| October ...| 10,441 | 2,308,716 | 309,354 | 17,477 | 2,645,988 [15,373] 2,297) 253) 17,923 | 2,663,911 |1,160,811.50 
= gine 3.250 | November...| 23,111] 895,794| 113,559] 5,376 | 1,087,840) ... |. |. |. | 1,087, 874.75 
German Empire ... 10,127 
Austria and Hungary 1,750 Total 663,206 | 7,250,620 | 1,583,434 | 189,616 | 9,686,876 90,448 | 10,090/1459/101,997 | 9,788,873 |3,813,723.50 
Spai poe 
Tealy... os eee ra 660 Workmen before 7 a.m. during month of May ese 71,445 
Russia ide wd ood eee ove = w " sditery Ay » June... ae 
i eee eee eee '. agons, ’ . ove , 
We annex a very curious Table, prepared by Mr. H. Total week-day attendance ts we ‘int ie = .. 9,980,216 
Pettit, the general manager of this part of the Ex- Population of the grounds, Commissioners and others, having regular complimentary tickets, 
hibition relative to the cost of exhibiting to American on Sundays... cia ove Ska “ a oe a wes .. 52,000 
exhibitors. Visitors on Sundays .. eve jos A od Se6 cs 13,250 
TABLE showing Cost of Exhibiting at the Philadelphia Grand total attendance, May 10 to November 10, inclusive ... di ve 10,001,466 
Evhibition. (Main Building.) v7 : 
l, | Pi | . Average attendance per day Fo each month was as follows : 
q ’ Total paid admissi 8,004,274 sono ys .. , 
fe 3 2 Z 2 ; = - a eee «1,997,192 June we ao OS op we . 38,570 
= ’ 5) ’ 
a! oe a 3 : : encase July 26 ,, 34,863 
Stars. a) oe mS - re Total 10,001,466 August 27 5 43,530 
$2e| £2 | es B lop omy September 26 4, ww» ++ 98,834 
as| 84 | § s 8 2 The Exhibition was open 159 week-days. October ... 26 ,, +» 102,458 
33) 5a ge K | 8 Average paid admissions per day o,268 November 9 55 oe we 115,816 
ae) =a x > masa ” ree ” ’ = 
Alab: 4] sex} anal {en.00 2160.00 « Ws ; to t 274, 919 oP ns in Day.” 
\labama.., , 1160. The largest attendance at any one time was 274, 919, on “ Pennsylvania Day.’ 
California 7] 10,827; 449 00} 11,999. i 
Connesticut 135] 168735| 9,837] 196806001 111°906.50 The smallest attendance at any one time was 12,720, on Friday, May 12. 
Diateicvot Coluss:| * “ “y mage rey dome rises 150 ft. f the ground. The horticul sq. ft 
; rom und. I ul- e , abe 
waste og 1,008 — tbe a jsa.oo | tural building, a very elegant structure entirely in ae Senne Giese . “ yon 
Georgia .. | 2 28) 74] 1,581.90 805 00 | iron and glass, was designed by Mr. John Rice, of Germany .. «. .. 22 2 27,706 
—. we = on Pieces poi Philadelphia ; it was 383 ft. long, 193 ft. wide, and Austriaand Hungary .«. .. «o.» 24,071 
Jowa .. ...| 82] 383, ‘247 1,520.00| 9,370.00 | 72 ft. in height. The agricultural building covered I, es Gaic. es ce cae . 11,808 
Raneee a. : 101 3 1,810.00) 550.00} about 10 acres, being 820 ft. long by 540 ft. wide. Norway and Sweden siniacy itil a 
Louisians "| 6 166] 80] aus 00| ~~’ ¥an'n} | Besides these four principal structures there were — we ee oe 
Maine im su| i 1,681) 1.048 13,587.00} 11,324.00 | @ large number of ee and annexes, the most Switeerland” ae 6,647 
+ , 4,606.00 | striking feature of the k being the ‘State 16,567 
Massachusetts ...) 404) 82,523] 18,768 Y 8 g f par: g Japan ‘ 
ich YY PS He 1,280 “a 981-00 a iaeaae Avenue,” on which nearly all the states of the China pe - in os a 504 
Miostesteat ; 4 . aes renee Union had erected pavilions. The mineral and car- The United States occupied an area of 189,231 
uri... 26} 2,994) 1,069} 90,298.00, —-9,593.50 | Tage annexes were, too, of high importance; the | square feet. These allotments refer to the Main In- 
yew  Jeseey 13s] 96 are &909 8,856.00) 47,072.50 | space they included may be summed as follows: dustrial Hall and the annexes, 
New Hampshire | 24| 1,864] 600 029.00 7,204.00 . sq. ft. Above is an analysis of the attendance; from 
Now York | 628] 196.48) 94187] *406155.00 498'296.50 Mineral annexe, + nes ane this it will be remarked that the Centennial 
° 2,540.00 ‘eo m . : ° ° 
Ohio. «=| 186] 8197} 5.28/ si 11300] aseus0| Carriageamnexe .. 84,640 oe Se oes Se eee Sas —s 
a 710.00) 320.00 the largest number of visitors on any one day in 
Rucatiseea "| “erl ‘oaaesl ‘anes! iataeees]  “ehlso0 117,976 or 2.71 acres. | the history of exhibitions, and it must not be 
South Carolina...) 2 18) 21 ‘eetel 46 "aeons Annexes adjacent to main build- } 4. ft. forgotten that this attendance was mainly composed 
Tennessee ...| 12) 204 87 958.00 629.00 ing, northside ... ...  ... 79,200 of home visitors, as the attendance of foreigners 
> ee ae 419 19 594.00) 1,200.00 Annexes adjacent to main build- was comparatively small. Above is a summary of 
Vermont... <.| 11] 193; 465) _—-15,899,00/ — 4874.00 ing, southside... ...  ... 250,997 P bee ov . 
Virginia...  ...) 5} 799) 219) © 2,964.00) 989 50 building... |. 5. 26, the cost of the Main Building. We believe that no 
foe | Se ee oe 4 <a similar Table has been prepared for the Machinery 
ia Bethe vod $52,787 or 8.lacres. | Hall, but as the two structures were much alike the 
Total —...| 9751) 687,193) 136,684 9,988,498.00/ 1,525,978.50/ | Exhibits were divided into seven main sections, | cost per cubic foot would be about equal. 














The Memorial Hall, designed as a permanent 
monument of the celebration, stands on an elevated 


Grading eee 








Cost oF THE MAIN EXHIBITION BUILDING. 


dols. 
36,504.78  =.37,%, cents. per square yard of area ) meee’ 




































































three of which were contained in the Industrial Hall, 
namely: Mining and metallurgy, manufactures and 
education, and science. The following list shows 





terrace 122 ft. above the Schuylkill river; it is 
$65 ft. by 210 ft., the height is 69 ft., but a centra, 





the spaces alloted to the foreign nations taking a 
leading part in the Exhibition : 





As an International Exhibition the Centennial can 
scarcely be as a success; but it stands 
hitherto unrivalled in the number and variety of 
home exhibits, Probably the present Exhibition, 
however, will surpass it in this respect. 
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THE PARIS INTERNATIONAL EXHIBITION: T 


(For Description, see 1 
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No, I, Messrs. Doutton AND Co,’s Terra Cotta PAvILion, No. II, Tue Prince or WALES’s Pavition: 




















N: THE FACADES OF THE ENGLISH SECTION. 


ription, see Page 237 ante.) 
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Payition: Mr, Gitpert REDGRAVE, ARCHITECT. No, III, Mr. W. H. Lascerres’ Pavition, 


















































No. V. Messrs. W, Cusitr AND Co.’s Pavition: Arcuirect, Mr, GILBERT REDGRAVE. 
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Ports and Commeroe.- 


Life Saving Apparatus 
Pumps 

Horticultural Materiel 
English Conservatory 

Horticultural Matériel. 
English Couservatory 


. English Conservatory. 


2. French Conservatory 


Fountain (M. Durenne) 


Pavilion Tricotel. 


Gas Counter, 


7. Conservatory 
. Horticalture, Oat Flowers. 


24. Montsouris Observatory 
. State lobacco Factory 


26 


Oonservatory 


” 


28. 


M. Vidal's Pavilion 


29. French Restaurant. 


Be. 
31. 
32. 
33. 
34, 


Cement (M. Duteil, 
W.0. 

Pavilion of M,. Andre 
Creusdt. 
Terre-Noire. 


35. Conservatory. 


27. Society for Protection ofAnimals 36. 


Paris Gas Company 


S225 


- 
= 


BEES 


Police and Firemen 
Travaux Publics. 
Kiosk. 


St. Chamond Iron Works 
Ww.c 


Heating and Lighting 


Conservatory. 
French Machinery Annexe. 


Boiler House No. | 


46. Administration Bu 
47. Boiler House No. | 
48. Fire Engine Station 
49 Administration Bw 
50. Octroi 

51 Boiler House No. 3 
52. French Machinery 
53. Boiler House No. ‘ 
5A ° No. | 
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FIGURES IN RED 


istration Bureau . French Restaurant. . Railway Plant. . French Restaurant (Garsiot $y, Bassian Pavilion States Machinery 97. Octroi, wo, ° 

56. a - (Duval) . Pavilion for Glass. 74. Police and Firemen 98. Spanish Pavilion, . English Cottage, 
Pavilion for Glass. . Statue (M. Bertholdi) 5. Duteh Pavilion. a Russian and Austrian Boiler 90. British Commission Offices. . Police and Firemen, a ” 
istration Bureau nes oy oa 57. Pavilion for Glass. oe i 85. . 91. British Boiler House. 100, Railway Station. . Railway Matériel 

. Pavilion Pictet, . Heavy Pottery. 77. Portuguese Pavilion boy uetro- Hungarian Pavilion. 92. british Machinery Annexe. . Pavilion of M. Sohier, a m 

House No. 3 . Ministry of the Interior . Medicine and Benitary Exhibits. . Belgian Pavilion. 87, Italian Pavilion, 93. ie 102. Geneva Convention, &c, ae o 
bh Machinery Annexe . Annamite Pavilion. . Electrical Exhibits. 79. " ” ier Swedish and Norwegian Pa- * = Ss . Spanish Pavilion. 2. Genie Civil. 
House No. 4 French Colonial Conservatories Austrian Bakery. . Swiss and Belgian Boi vilion. 5. Conservatory. * Monaco Pavilion 3 


* No 5 . Furniture Pavilion. ' 72. Beli Founding, &c. . Swiss Pavilion. 88, Src and American Boiler os. Douane. . Restaurant . Pumping Station 
and Co.) 
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Administration Bureau 
. Boiler House No. 2 
. Fire Engine Station. 
Administration Bureau 
Octrot 
Boiler House No, 3 
2. French Machinery Annexe 
Boller House No 4 
No. 5 
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French Restaurant. 

. - (Duval) 
Pavilion for Glass. 
a 
Pavil 


. Minis of the Interior 
. Annamite Pavilion. 

2. French Colonial Conservatories. 
. Furniture Pavilion. 
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. Railway Plant. 
65. Pavilion for Glass. 
66. Statue (M. Bertholdi) 


Pavilion for Glass. 


. Heavy Pottery. 
. Medicine and Sanitary Exhibits. 
. Electrical Exhibits. 
. Austrian Bakery. 
7 


Beli Founding, &c. 
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French Restaurant (Gargiel 


. Police and Firemen 
. Dutch Pavilion. 


Portuguese ” Pavilion 


73, Belgian Pavilion. 
40. Swiss and Belgian Boiler Boo 


Swias Pavilion. 


ES. 


7 Russian Pavilion 
“ Rassian and Austrian Boiler 
- Ata ri 
a wi j revlon an Pavilion. 
Wedish 
villon. aod Norwegian Pa- 


baa Svediah and American Boiler 
ouse, 


95. Conservatory. 
Douan 


United 
Annexe 


States Machinery 


. British Commission Offices. 
91. British Boiler House. 
2. British Machinery Annexe. 
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. Octroi, 
98, Spanish Pavilion. 
. Police and Firemen. 
. Railway Station. 
- Pavilion of M. Sohier. 
. Geneva Convention, &c, 
. Spanish Pavilion. 
. Monaco Pavilion 
. Restaurant 





[TON OF SPACE. 
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106 W.0, 115. 
107. English Cottage. 116, 
mn. 108. - - 117 
105. Railway Matériel 
‘ier. m  « ‘* 118. 


m, &c, All, 119. 


112. Genie Civil.” 
113 


14, Pumping Station (Lecouteuz 
and Co.) 


120, 


Pumping Station (Lebrun), 


Genie Civil. 
Administration des Eaux 
Foréts (Timber). 
Constructive Matériel. 
Administration des Eaux 
Fortts (Insects.) 
Administration des Eaux 
Foréts (Insects) 


121, Administration des Eaux et 128. Restaurant. 
Forets ( Bees). 129. Conservatory. 
122, Administration des Eaux et 130. 


” 
Forets (Meteorology). 131, Chinese Annexe. 

123. Algerian Palace, 132, Norwegian Pavilion 
124. Conservatory. 138, pe ‘. 
125. Police and Firemen. 134. Persian 2 
126. Pavilion of M. Lepante. 135. Oonservatory. 
127. Restaurant. 136, ” 

187, “1 


gantien Pavilion. 
wedish Cam e. 
Swedish Pevilion. 


. Ornamenta! Basin. 
Cascade 


Reservoir. 


. Fresh Water Aquariams. 
. Japanese Annexes. 

. English Naval Models. 

. English Restaurants. 


ENTRANCES. 
A. Trocadéro Gate, No, 1. 
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SPECIAL NOTICE. 


In consequence of the pressure on our space, we are 
ar ph to omit the publication of our Provincial Notes, as 
= as to postpone the insertion of a number of articles and 
etters. 

With this number we publish as an extra supplement a 
coloured plan showing the distribution of space in the Paris 
International Exhibition. 








NOTICES OF MEETINGS. 

THe INSTITUTION or CIVIL ENGINEERS.—Tuosday, May 7th at 
8p.m. Diseussion upon “The Ravi, Alexandra, and the Jhelum 
Bridges, P. N. S. Railway,” and time permitting, the following 

per will be read, “ The Construction of Steam Boilers for very 

igh Pressures,” by J. Fortescue Flannery. 

SOCIETY FOR THE ENCOURAGEMENT OF ARTs, MANUFACTURES, 
AND CommERcE.—Indian Section. On Friday evening, May 3, at 
8p.m, “The Telegraph Routes between England and India,” by 
Major Bateman-Champain, R.E. 
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THE EDUCATION OF NAVAL 

ie ARCHITECTS. 

E publish on page 353 the interestin er read 
by Mr. John at the recent meetings of the Institu. 
tion of Nayal Architects, on “The Royal Naval 
College and the Mercantile Marine,” to which we 
referred briefly last week. The paper in question 
is so clear and explicit that it would scarcely need 
further comment from us were it not that our con- 
temporary, The Engineer, has largely perverted its 
meaning, and the lessons to be deduced from it, in 
@ somewhat characteristic article which appeared in 
their columns of the 19th April, That the article 
to which we refer was redolent of prejudice and 
the sentiment which o itself to scientific and 
—— pram - e kinds is oa @ sufficient 
. or allowing i unnoticed, especial 
in these days when the ned foc systematic teaching 
in all that pertains to the mechanical arts is felt to 
be more: pressing in this country than at any 
previous period, 

Mr. Jo , 88 will be seen from his paper, was 


arguing from what was attempted at the School of 
Naval Architecture, to what might be done in the 
future at the Royal Naval College, in the matter of 
training naval architects for the mercantile marine, 
and, as might have been expected from him, he states 
both sides of the question with all frankness and fair- 
ness. He explained the failure of the School of Naval 
Architecture to attract support from the private ship- 
builders of the country, and indicated how the Naval 
College might be made more successful. These ex- 
planations are treated by our contemporary as ad- 
missions wrung from the author, instead of form- 
ing, as they obviously did, the basis of his arguments. 

It would be a waste of both space and time to 
enumerate the errors which our contempo has 
managed to squeeze into two columns on this subject, 
but perhaps a sample or two may not be amiss to 
notice. It is said, for instance, the School of Naval 
Architecture ‘‘ was specially intended for the use of 
the sons or other relatives of the mercantile ship- 
builders of Great Britain ;” but as a matter of fact 
it was intended primarily for the training of students 
from the Government dockyards for the Admiralty 
service, and was as a secondary consideration made 
available for private students intended for the mer- 
cantile marine. That it proved successful in the 
training of Admiralty students is admitted on all 
sides, and is sufficiently attested by the prominent 
positions in their professions already accorded to 
many who were educated at that school, and nothing 
has done more to establish confidence in the sound- 
ness of the course of training followed there than 
the aptitude evinced by those gentlemen in bringing 
common sense as well as science to bear on difficult 
practical questions. 

Another point on which 7he Engineer has managed 
to get entirely adrift is in supposing that the Govern- 
ment have found the standard set up for their 
students at the college too high, and that it is to be 
lowered. Certainly our contemporary could not 
have got this idea from Mr, John’s paper or from 
anything that passed during the long and interest- 
ing discussion that took place on it, On the con- 
trary, it was fully recognised that if you are to give 
a young man a scientific training in naval architec- 
ture, the more sound and complete it is the better. 
A somewhat lower standard was advocated by Mr. 
John only for those whose previous mathematical 
training before entering the college is not suffi- 
ciently advanced to enable them to complete the 
full course. Our contemporary appears to agree 
with a suggestion made by Mr. John that a some- 
what shorter college course than the usual one of 
three years might be advantageously adopted for 
the merchant service, but the reasons given are as 
amazing as they are absurd, though quite in keeping 
with the whole tone of the article. It does not 
start from the good old proverb that “a little learn- 
ing is a dangerous thing,” but from the more 
sweeping assumption that all learning, especially 
mathematical learning, is an abomination, and the less 
a person possesses of it the betterfor him, The way 
to render the college useful is, says The Engineer, to 
minimise the instruction given there, ‘‘ There is no 
abstract virtue in mathematics, or in any other 
branch of knowledge [says our contemporary | which 
entitles it to be regarded as superior to any other.” 
This is high sounding, but it is really nonsense, for 
a knowledge of mathematics will surely assist 
a man in calculating the properties of a ship better 
than aknowledge of Sanskrit or Botany would do; 
And again: “But as a matter of fact, there is 
no necessity whatever for this kind of training. On 
the one hand, all the mathematics in the world will 
not teach a man how to build a merchant ship; and 
on the other, the finest merchant steamers and 
sailing vessels in the world come out of British 
ng now, have done so for years past, and have 

een designed and built by men whose mathematical 
training might not enable them even to matriculate 
in the Naval College.” What a fine odour this 
es, has of the good old days when a shipbuilder 
would scorn to know more than the three R’s and the 
use of a lump of chalk. The inference is, of course, 
that if the shipbuilders of the present day possessed a 
knowledge of mathematics they would not be able 
to build the fine modern steamers and sailing vessels 
they now do build, Mr, John must, we fear, have 
been somewhat out in his reckoning when he ven- 
tured to suggest that ideas of this kind had passed 
or nearly passed away. He says, perhaps somewhat 
too contemptuously, ‘‘I am not speaking now of the 
opinions of those who pretend that a scientific 
training renders a man incapable of applying his 





common sense to practical questions or to ordi 








matters of business. This is an old tradition that 
long remained a powerful lever to be used against 
technical training, but it has fortunately lost its force 
in the present day, and clings only to the minds of a 
very few.” The article to which we refer shows but 
too clearly that the old tradition is at least not dead 
in the leading columns of our contemporary. 
We quite admit with Mr, John that the training at 
the late Royal School of Naval Architecture was, and 
likewise that of the Naval College is, confined too ex- 
clusively to war ships to render it entirely suitable 
to the mercantile marine. The commercial element 
is not sufficiently recognised, nor the specialties 
of merchant shipping sufficiently brought home to 
the minds of the students. And this at once ex- 
plains the want of attraction'the college has for the 
mercantile marine. This objection, however, can 
be removed, and we trust it will be found in 
the future that there is no lack of private students 
seeking admission to the college. When people 
talk about the undoubtedly d fleets of merchant 
ships that have been built in this country without 
much help from systematic training, as being a proof 
that such training is prog” 6 they mix up two 
entirely different questions. e aim of technical 
training should be to impart as comprehensive a 
professional knowledge as possible in the small 
time at the disposal of a student. It is of course 
gem to get such a knowledge otherwise, but as 
. John pointed out in replying to the discussion 
on his paper, it takes a much longer time to acquire, 
and even then it is generally in a more imperfect 
form. Our contemporary dwells upon the late Ex- 
hibition of Models and Designs by the Shipwrights’ 
Company, and upon the prizes awarded, as showing 
the superiority which lack of scientific knowledge 
ives to a naval architect. We have not space to 
well upon this point at present, further than to 
say that the ezhibition in question and the com- 
pen in connexion with it are regarded as little 
etter than a pleasant farce by the shipbuildin, 
profession, however well they might have serve 
their purpose as a raree show for a resuscitated 
City company ; but to this matter we shall return 


‘on a future occasion. 





THE PARIS EXHIBITION. 
Paris, April 30, 1878. 

THE task of conveying anything like a fair idea 
of the present state of the Paris Exhibition is a 
most difficult one, so rapid are the changes which 
are hourly being effected in almost every d 
ment. To those not familiar with previous exhibi- 
tions the aspect of that at Paris at the time we are 
now writing would be most disheartening; but, 
judging from experience on former occasions, 
we may say that although the Paris Exhibition 
will, as a whole, certainly be very far from com- 
plete on its opening day, yet its visitors on that 
occasion will have no reason to complain of a want 
of objects of interest, or of sections practically 
complete for examination. Almost everywhere 
armies of workmen are doing their best to produce 
order out of disorder; lines of rails are being 
covered up and floors made good; ag tga 
are being cleared off, decorators of kinds are 
hard at work at the pear yp Se vps' both internally 
and externally, plants and shrubs are bang Sosa 
in by thousands, and flower-beds are springing up 
as if by magic, both in the grounds and in the 
courts of the buildings, while the exhibitors of all 
nations are working with a will—but with very vary- 
ing degrees of success—at the arrangement of their 
several departments, Under these circumstances it 
is pleasing to have to record the advanced state of 
the British Section, and much of this has un- 
doubtedly resulted simply from the energy of the 
exhibitors themselves ; but how much more is due 
to the indefatigable exertions and powers of organi- 
sation of Mr. Owen, only those who have worked 
with him can know, while last, but certainly not 
least, the strong personal interest which the Prince 
of Wales, as President of the British Commission, 
has from the first shown to the Paris Exhibition, 
and the active part he has taken in promoting the 
interests of the exhibitors from Great Britain and 
nes colonies have had a most powerful effect on the 
result. 

As on previous occasions, the great experience of 
our agricultural engineers in attending exhibitions 
has stood them in good stead at Paris, and in the 
case of the special annexe, erected at the cost of our 
leading firms, for the exhibition of agricultural 
machinery, we find the contents already complete 

e 


atranged~eyerything ready for the opening. 
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may see, by-the-bye, that the exhibits in this annexe 
are, as a whole, most creditable to our agricultural 
engineers, for not only do many of them show work- 
manship of the highest class, but they include also 
numerous special features, and afford ample evidence 
of the continual advance which is being made in this 
important branch of mechanical engineering. In 
the adjacent annexe, also devoted to agricultural 
machinery and kindred appliances, things are also 
in a most satisfactorily advanced state, and there is 
oar prospect of all being ready for the opening 
ay. 


Turning now to the Main Building we may, in 
the first place, take a general survey of the 
Machinery Halls, and we shall commence with that 
on the western side of the Exhibition, of which 
Great Britain occupies the northern portion. And 
here we may remark that we have no intention of 
attempting, in the present notice, anything like a 
detailed account of any exhibits whatever. In sub- 
sequent series of articles we shall, as on former 
occasions, deal fully with all exhibits of professional 
interest ; but for the present all we propose to do 
is to give a general idea of how matters now stand, 
and of the relative importance of the engineering 
exhibits of the various nations represented. Com- 
mencing, then, with the British Section of the 
western Machinery Hall, we find that Mr. Cundall, 
the engineer to our Commission, has been most 
peda <1 in getting things into an advanced state. 
Some minor exhibits still have to be arranged, and 
here and there there is some work to be done, but, 
as a whole, the section is practically ready, while 
the display it contains is one of which the nation 
certainly has no reason to be ashamed. At the 
western end the central place is occupied by a 

mger locomotive made by Messrs. Sharp, 
Stewart, and Co., of Manchester, this engine repre- 
senting our most recent locomotive practices, and 
being a model of neatness and simplicity of design. 
We shall illustrate this engine in an early number, 
and shall then have more to say about it. Flanking 
the locomotive just mentioned are steam fire engines 
by Messrs. Merryweather and Messrs. Shand, 
ason, and Co. respectively, both makers well 
sustaining their reputation. 

Proceeding down the hall we find on the right 
wood-working machinery, and on the left machine 
tools for metal; the chief exhibitors of the former 
being Messrs. A. Ransome and Co., Messrs, S. Wors- 
sam and Co., and Messrs. T. Robinson and Sons ; 
while Messrs. Western and Co., Messrs. C. Powis 
and Co., and Mr. F. W. Reynolds are also repre- 
sented. Of machine tools an excellent show is made 
by Messrs. Sharp, Stewart, and Co., of Manchester ; 
the machines they exhibit being specially adapted 
for locomotive work, and forming a very complete 
group. By the side of them are a variety of tools 
b ~ ale, Smith and Coventry, of Manchester, while 
Shateda. Embleton, Mackenzie, and Co., of Leeds, 
are also exhibitors; and Messrs. Thomson, Sterne, 
and Co. have a large collection of their emery 
grinders and other specialities, Sir Joseph Whit- 
worth and Co. will also, we understand, be impor- 
tant exhibitors of machine tools; but at the time 
we are writing none of these exhibits are in place. 
Other exhibitors in the block of which we are now 
speaking, are Messrs. Gwynneand Co. ,of Essex-street, 
Strand; Messrs. Fox, Walker, and Co., of Bristol, 
who showa small tank locomotive ; and the London, 
Brighton, and South Coast Railway ee: who 
show one of Mr. Stroudley’s admirable little six- 
coupled tank engines of the ‘‘ Terrier” class, such 
as he has so successfully introduced for working 
the local traffic on the South London lines, This 
engine is shown as it is taken from actual 
service, a the side of it also is some printing ma- 
chinery ; Mr, W. Greaves, of Leeds, showing litho- 
graphic presses ; and Messrs, Hopkinson and Cope, 
of London, some other typographic appliances. 

We now come to the group of textile machinery, 
in which Messrs, Platt Brothers, of Oldham, make a 
splendid show. This firm has been noticed for its 
exhibits on former occasions, but at no previous 
exhibition, so’ far as we are aware, has their 
collection of machinery been so important as at 
Paris. Messrs, Fairbairn, Kennedy, and Naylor, 


and Messrs. Lawson, both of Leeds, are very ex- 
tensive exhibitors of flax machinery, while looms are 
exhibited by Mr. H nm, of Bradford, Mr. R. 


Hall, of Bury, Messrs. ing and Co., Bury, and 
other makers. 

And here we may mention that the whole of the 
machinery in the British Section is driven by a hori- 
zontal compound engine constructed by Messrs, W. 





and G. Galloway, of Manchester. This engine, 
which has now been running several days, has 
cylinders respectively 20 in. and 34 in, in diameter 
with 36 in. stroke, and it is fitted with a neat 
arrangement of valve gear of the Corliss type acting 
on flat slide valves. This gear is marked by several 
special features, which we shall duly describe here- 
after. The engine drives the shafting by a belt, 
and is run at 60 revolutions per minute, steam at 
60 Ib. pressure being supplied by three Galloway 
boilers in an adjacent annexe, and these boilers also 
supplying steam to the various steam pumps, &c., 
exhibited in the section. 

The group'in which Messrs. Galloway’s engine 
is situated contains a variety of exhibits. Thus on 
the one side we have the stand of Messrs, J. and H. 
Gwynne, of Hammersmith (who will, we believe, 
have an excellent show), that of Hayward Tyler 
and Co., who, amongst other things, show several 
engines with the Rider cut-off gear; that of Messrs. 
Macnaught, Robertson, and Co., of Rochdale, who 
show their wool-washing and drying machinery ; 
and that of Messrs. Hathorn, Davis, Campbell, and 
Davy, who, in addition to steam and hydraulic 
pumping engines of their regular patterns, show a 
vertical pumping engine fitted with valves of the 
Corliss type, controlled by Mr. Davey’s valve gear. 
On the same side also Messrs. Greenwood, Batley, 
and Co. show Manley’s rotary engine and pump, and 
several tools of various kinds, for driving which 
they have erected a short line of shafting carried by 
light standards of a very neat pattern. Amongst ad- 
joining exhibitors are the Pulsometer Company ; 
Mr. Stannah, who shows his donkey pumps, and 
Mr. Dodman, of King’s Lynn, who is the exhibitor 
of one of his vertical engines. 

In the same block, but on the other side of the 
hall, we find a very interesting group of hydraulic 
machinery, constructed by Messrs. Fielding and 
Platt, of Gloucester, and the Hydraulic Engineering 
Company, of Chester, the group including examples 
of Mr. 'Tweddell’s rivetting machines and hydraulic 
shearing machines, &c., together with the necessary 

umps and accumulators. In the exhibits of the 

ydraulic Engineering Company also are included 
examples of Mr. Brotherhood’s three-cylinder hy- 
draulic capstans, and several other specialities, 
Altogether, as we have said, the whole group isa 
most interesting one, and we shall have a good deal 
more to say about it. Adjoining the group just 
mentioned, Messrs. Tangye Brothers not only show 
examples of the types of engines and pumps so well 
associated with their name, but also some machine 
tools, the firm having lately made this branch of 
engineering one of their specialities. We shall’ speak 
of these tools hereafter. Next, Messrs. Appleby 
Brothers have erected asteam hoist driven by a pair 
of engines with trunnion valves, and this hoist they 
intend to keep working during the Exhibition. 
The firm also show examples of their overhead 
travelling cranes, winches, &c., and particularly of 
their travelling steam cranes, which were placed at 
the disposal of the British Commission, and which 
have done most excellent service in unloading goods 
and getting things into a. one of these cranes 
being capable of hauling, by the aid of its traversing 
motion, a train of nine loadedtrucks. Next we have 
Messrs. John Fowler and Co., who exhibit in the 
Machinery Hall, as well as in the Agricultural 
Annexe, and who show, in addition to some traction 
engines, some examples of their winding engines 
for mining purposes, one of these being adapted for 
being worked by compressed air, and the other 
being arranged in connexion with a locomotive 
boiler. Lastly, in this group we must notice Messrs. 
Aveling and Porter, who show examples of their 
traction engines, including one of a new and very 
substantial type, of which we must reserve parti- 


c ‘ 

In the side aisle of the hall adjoining the British 
Section we find further exhibits of machinery. Thus, 
here Messrs. Robey and Co. show one of their 
mining engines made with a circular firebox casing 
having the barrel united to it by a bolted joint, 
while Mr. Twibill exhibits his economiser, Messrs. 
Adair and Co, show pumps for various purposes, 
Messrs, Wigzell and Halsey are represented by their 
three-cylinder engines, Messrs, Whitehead and Co, 
show machinery for making drain pipes, &c., 
Messrs. Garrett, Sons, and Co, show some excellent 
specimens of boiler work, and other exhibitors, too 
numerous to mention here, are represented by their 
several specialties. : 

The next section to the British is that of the 
United States, and the collection of machinery here 





shown promises, like that at Vienna, to be of a very 
interesting character. Delays in the arrival of the 
goods from the other side of the Atlantic have pre- 
vented this section from being in such an advanced 
state as it otherwise would be, but everything, we 
believe, has now arrived, and rapid progress is now 
being made, the experience in such matters of Mr, 
Pickering, the engineer to the United States Com- 
mission, being of valuable service. The machinery 
in the American section will be driven by a hori- 
zontal engine made by Mr. Jerome Wheelock, of 
Worcester, Mass., and having a 17 in. cylinder with 
48 in, stroke. The special characteristic of the 
Wheelock engine consists in the arrangement of 
valves and their gear, which has many excellent 
points, and which we shall describe hereafter. 
Amongst the American machines already in place 
we may mention the machine tools of Messrs. 
Brown and Sharpe, of Providence, the wood-work- 
ing machinery of Messrs. J. Fay and Co., of Cin- 
cinnati, and an interesting set of machines for 
stamping metals shown by Messrs. Bliss and 
Williams, of New York. A very important ex- 
hibit in this section also, and one we shall describe 
hereafter, is that of the Westinghouse Brake Com- 
pany, who are showing sets of their brakes so 
arranged that the promptness of their action can be 
thoroughly seen and tested. Messrs. Whitney and 
Sons also exhibit chilled wheels; the Colt Fire- 
arm Manufacturing Company, firearms ; and Messrs, 
B, Tilt and Son, a silk loom ; while there is a great 
variety of exhibits not yet arranged for examina- 
tion, and of which therefore we cannot now speak. 

And here, before proceeding with our notes on the 
remaining sections, we may say a few words respect- 
ing the leading characteristics of the engines shown 
by foreign exhibitors. In stationary engines the 
most noticeable feature is the most exclusive adop- 
tion for all, except the smallest engines, of some 
type of expansion gear adjustable by the governor. 
For the most part the gears employed are “trip” 
gears, some makers adopting the Corliss type of 
gear in its original form, and others introducing 
more or less extensive modifications. In some engines 
the gear is applied to the regular Corliss valves, in 
others double-beat valves are used, while in others 
again the ordinary flat valves are employed. Another 
feature is the fa adoption of belt or rope driving 
gear. Few of the large engines exhibited are pro- 
vided with spur gear, the majority being arranged 
for belts, while a considerable number have flywheels 
grooved for driving by ropes, this being we believe 
the first occasion on which rope-driving gear has 
been regularly used at an international exhibition. 
Altogether the collection of stationary engines is 
both extensive and instructive. 

In locomotives there seems to have been but few 
modifications introduced since the Vienna Exhibi- 
tion of 1873, the chief novelty being M. Mallet’s 
plan of working locomotives on the compound 
system, which is duly represented in the French 
section, and with which we shall deal hereafter. 
In rolling stock there are a good many improve- 
ments to notice, but chiefly in matters of detail, 
while in machine tools the chief feature is the 
noticeable increase of weights, an increase not in all 
cases made to best advantage. Of the textile machi- 
nery and kindred exhibits it is as yet too early to say 
much, but the collection is very extensive and pro- 
mises to contain numerous matters of interest. 

Resuming our survey of the northern Machinery 
Hall we find the United States Section followed by 
that devoted to Norway and Sweden. In two sec- 
tions Messrs. J. and C, G. Bollinders, of Stockholm, 
show a compound horizontal engine, and some 
wood-working machinery, while the rest of the sec- 
tion is occupied by a large number of exhibits not 

et sufficiently arranged to enable us to judge them 
airly. The same remarks also applies to the Italian 
section, which is at present chiefly remarkable for a 
want of the activity displayed elsewhere, a large 
quantity of the goods being as yet unpacked, The 
space occupied by Italy is, however, extensive, and 
judging from the things already in place the exhibits 
will have a special interest of their own. Two 
striking contrasts with that of Italy are the adjoining 
sections of China and Japan, which are practically 
complete. Of machinery there is, as might be ex- 
pected, but very little in these sections, but the 
ceramic products are magnificent, while Japan also 
shows a collection of educational exhibits and pro- 
ducts of the arsenal of ahighly creditable character. 
Following China and Japan we have the Spanish 
Section, in which the principal exhibit relating to 
mechanical engineering is at present a vertical 
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umping engine shown by Mr. Alex. Herm, of 
Dasesions As a whole, however, this section is 
behindhand, and in, its present state it is almost 
impossible to judge of its ultimate interest, while 
the next twenty-four hours} will probably make 
a great change in its appearance. 

The next section is an extensive and important 
one, namely, that devoted to Austria and Hungary. 
At present a large proportion of the exhibits in this 
section are still undisplayed, and we are, therefore, 
unable to speak about them. Amongst other things, 
however, Herr Zimmermann, of Pesth, shows a loco- 
motive with piston valves arranged below the cylin- 
ders, while there is a good show of locomotive boiler 
work. Adjoining the Austrian Section is that of 
Russia, a large proportion of which is taken up by 
the exhibits of the Imperial Technical School of 
Moscow. -These exhibits, which include not only 
educational models, but also engines and machine 
tools, &c., made by the students, are of an exceed- 
ingly creditable character, and they will be examined 
with great interest by all concerned in the spread of 
technical education. Apart from the exhibits of 
the Moscow’ school the Russian Section in the Ma- 
chinery Hall does not as yet display much requiring 
notice here, but many articles still remain to be 
unpacked, and any criticism of the section as a whole 
would therefore be premature. 

We now come to the Swiss Section, which, as at 
previous international exhibitions, contains an 
admirable collection of machinery. Thus, first, we 
may mention the exhibits of the Swiss Locomotive 
and Engine Works, Winterthur, of which establish- 
ment Mr, Charles Brown is the manager. These 
exhibits, which include locomotive and stationary 
engines, pumps, &c., are specially characterised by 
their excellence and originality of design, and will 
wellrepay careful examination. We shall duly describe 
them hereafter. Messrs. Escher, Wyss, and Co., 
of Zurich, also make an excellent show, their exhibits 
including some — machinery, while Messrs. 
Sulzer Brothers, of Winterthur, are also very im- 
portant exhibitors, the machinery they show in- 
cluding a horizontal engine with rope-driving gear 
and a pair of winding engines, both well sustaining 
the reputation of the firm. Besides the exhibitors we 
have specially mentioned, the Swiss Section includes 
the productions of many other firms, and as a whole 
it is well advanced towards completion, while the 
more important exhibits are perfectly ready. 

Next we have the very large and important section 
of Belgium, which is generally in an advanced state, 
although there is still a good deal of heavy work to 
be done. Here we find a large collection of textile 
machinery, while paper machinery is shown by 
Messrs. Autrebande and Theiry, of Huy, and ma- 
chine tools by Messrs, Deneffe and Co., of Liége. 
M. Walschiert also shows a horizontal engine with 
anew cut-off gear actuated from the crosshead; while 
two admirable trophies of rolled beams, &c., are 
exhibited by M. J. Paris-Isaacs, of Marchiennes. 
The most important collection in the section, how- 
ever, is that of the Société John Cockerill, of Seraing, 
who, in addition to various minor exhibits, show a 
heavy eight-coupled locomotive, a large pumping 
engine with wrought-iron lattice beam, not yet 
completely erected, and a rolling mill with a fine 
pair of engines coupled to it direct. Another im- 
portant exhibitor is M. Ch. Beer, of Jemeppe, near 
Liége, who is showing a large Guibal fan, driven by 
a horizontal engine, and also a pair of winding 
engines of excellent workmanship. Messrs. J. F. 
Cail, A. Halot and Co., of Brussels, also, have a 
good show of sugar machinery ; while locomotives 
are exhibited by the Grand Central Railway and by 
the Société St. Leonard. 

Jutting into the Belgian Section of the Machinery 
Hall is a small space devoted to Denmark, this 
containing a good trophy of products, but the other 
exhibits not yet being sufficiently displayed for us 
to judge of their value. Lastly, in the Machinery 
Hall with which we are now dealing, we have the 
section of Holland, but this is as yet not in a very 
advanced state, although sufficient is visible to show 
that the section will be an interesting one. 

Traversing the end of the exhibition building 
which faces the Ecole Militaire, is a transept named 
the Gallerie du Travail Manuel, and there are few 
sections of the Exhibition which will be more attrac- 
tive than this, and certainly none in which the 
progress has been more rapid during the past few 
days, _The gallery is devoted to showing in active 
operation the various minor manufactures of Paris, 
such as the processes of brush-making, stamping, 
card-printing, diamond grinding, silk ribbon weaving, 





&c. At the end of last week the gallery was practi- 
cally empty, now some of the trades mentioned are 
already going on, while all is ready for others, 

Passing through the gallery just mentioned, and 
continuing our circuit of the building, we next 
come to the other main Machinery , this being 
entirely devoted to French machinery, of which it 
contains a very interesting collection, for the most 
part well classified. Under the corner dome we find 
to commence with a magnificent trophy of. brass 
and copper tubes, flanged copper plates, and similar 
work, the productions of MM. J. J. Laveissitre and 
Co., of Paris, Some of the tubes here exhibited 
are of extraordinary size, and the whole trophy 
shows the command of most unusually excellent 
manufacturing capabilities. 

In the Machinery Hall itself the first group is 
devoted to printing machinery, and cognate ap- 
pliances. Here M. Marinoni makes an excellent 
show, the machines exhibited being all ready for 
work, as are also those of M. Aluzet, of Paris; 
while M. Boildieu, also of Paris, has a good collec- 
tion of stereotyping plant. The group also con- 
tains a large number of other exhibits in a complete 
state, but covered up to protect them from the dust, 
so that they cannot at present be examined. The 
whole of the machinery in the group, we may men- 


‘tion, is driven by a horizontal engine made by the 


Compagnie des Fives-Lille, this being also ready for 
service, 

The next group contains machinery for the manu- 
facture of silk, and promises to be as interesting as 
it is extensive. There is, however, a deal yet 
to be done in this section. The group is driven by two 
engines, one a horizontal compound made by M. 
Hermann Lachappelle, of Paris, and the other a 
compound beam —— fitted with Correy’s cut-off 
gear, and made by Mr. T. Powell, of Rouen. This 
engine is of a type for which Mr. Powell has long 
had a reputation in France, and the workmanship is 
excellent, 

The third group is also devoted to textile ma- 
chinery, and to machinery for ropemaking, the 
collection being very large, and in a well advanced 
state. This group is driven by two engines, both of 
which are of unusual types, the one being a large 
compound engine mounted on the top of its boiler, 
and made by MM. Weyher and Richemond, of 
Pantin (Seine), and the other a horizontal engine on 
the Fourlinnie system, made by the Société Anonyme 
des Usines de Marquise. At the end of this group 
there is, we may mention, a very interesting collec- 
tion of apparatus for well-boring, some of it of ex- 
ceptionally large size. 

assing on to the fourth group, we find it devoted 
to metallurgical and mining exhibits, it including 
machines for a and for the manufacture 
of briquettes, models of blast furnaces, and mining 
plant, a pneumatic lift by MM. V. Bietrix and Co., 
of St. Etienne, and two fine pairs of winding 
engines, one pair being by the Société des Fives- 
Lille, andthe other by the Société Anonyme des 
Constructions Mécaniques d’Anzin, The latter 
engines have frames of the Corliss type, and both 
pairs are of excellent workmanship and substantial 
design. 

The fifth group is of a somewhat miscellaneous 
character, comprising as it does gas engines, pumps, 
turbines, &c., but it includes many interesting ex- 
hibits, and it is, as a whole, in an advanced state. 
The driving power in this group consists of a parti- 
cularly fine horizontal Corliss engine by MM. 
Gaveran et Fils, of Lille, and another of a similar 
type and excellent workmanship by MM. Lecontoux 
and Garnier, of Paris. And here we may remark 
that the present Exhibition contains abundant 
evidence of the great progress which has of late 
been made by French builders of statio engines, 
both in the matter of workmanship and design, the 

roductions of the leading firms leaving nothing to 
be desired as regards in the former respect, while as 
regards the latter a most noticeable advance has 
been made. 

The sixth group is also devoted to motors, the 
most extensive exhibitors in the section being MM. 
Farcot et Fils, who show a number of portable, 
semi-portable, and fixed engines, there being in- 
cluded amongst the latter, a pair of horizontal 
Corliss engines, which we believe to be the largest 


in the Exhibition, As yet, however, these engines- 


are but partially erected. MM. Cail and Co. are 
also very large exhibitors in this group, while MM. 
Windsor et Fils, of Rouen, have put up a beam engine 
of the regular old-fashioned type, with an elaborate 
entablature and gallery. ‘The Société des Con- 





structions de Batignolles (E. Gouin and Co.), MM. 
Corbran et Le Marchand, of Rouen, and MM. 
Buffaud Fréres, of Paris, with many others, are also 
exhibitors in this group. 

Machine tools for iron form the seventh group, 
the collection being very large and including some 
very good exhibits. Of the group as a whole, how- 
ever, it is at present impossible to form a fair idea, 
as those exhibits which are complete are for the most 
part covered up, and will not be again visible until 
the opening to-morrow. This section will be driven 
by one horizontal compound and one beam engine, 
but neither of these engines are yet completely 
erected, so that some days must elapse before the 
machines can be shown in motion. 

The eighth section also consists chiefly of ma- 
chine tools, many of them of very heavy types, 
while there are also some wood-working sealing. 
by Arbey, of Paris. Not more than half of this 
group, however, is really ready for exhibition, there 
being much to be done in the remaining portion. 
The driving power of the group consists of two 
very well-finished engines both made by M. Boyer, 
of Lille, and both driving the shafting by ropes, 
The one engine is a horizontal one, while the other 
is a beam and is fitted with Nolet’s cut-off gear. 

The next section includes wood-working machinery 
(very little, however, being as yet quite ready), 
brick-making machinery, appliances for grinding 
diamonds, and a quantity of miscellaneous ma- 
chinery, much of it covered up and much more in an 
imperfect state. Notwithstanding the work yet to 
be done, however, the group makes a good show. 
The driving power consists of a well-finished hori- 
zontal engine by M. Duvergier, of Lyons, and 
another by MM. Olry and Grandmange, of Paris, 
which is as yet not completely erected. 

The tenth group is an ene one, containing, 
as it does, sugar-making and distilling plant. Here 
we find MM. Cail and Co. showing a heavy sugar 
mill and other machinery, MM. Lecointe and 
Villette, with a set of vacuum pans, &c., the Com- 

agnie des Fives-Lille with a large sugar mill, MM, 
p Savalle et Fils, of Paris, with more’ extensive 
plant, and other exhibits showing the high position 
which French engineers can take in this class of 
machinery. This group, also, includes some machines 
for candle-making and dressing hides, The shafting 
in this group is driven by ropes by a pair of engines 
made by . Satre and Avery, of Lyons, 

We now come to the eleventh and last group, 
which consists of machinery for a variety of manu- 
factures. Thus there is a very large collection of 
sewing-machines both for general use and special 
pespeaee, oil presses, machinery for treating hides, 

t-making machines, &c., the motive power being 
furnished by a pair of horizontal condensing engines 
by MM. -Lecointe and Villette, of St. Quentin. 
here is yet much to be done in getting this group 
in order, but it is sufficiently complete to show its 
interesting character. 

Of the side aisle adjoining the French Machinery 
Hall nothing can yet be said, save that it contains 
some exhibits of road vehicles and harness, As a 
whole, however, this part of the Exhibition is much 
behindhand. 

The boiler-houses which supply steam to the en- 
gines in the two Machinery Halls are arranged at 
the sides of the main building, as shown in the plan 
we publish this week, and their contents are for the 
most complete, Thus taking first those on the 
French side, and commencing wich the house nearest 
to the Trocadéro, we find it containing three boilers 
of the Lancashire type, made by MM. Chevalier and 
Grenier, of Lyons, two of these being practically 
complete, but the other being not yet quite set. 
The second boiler-house contains two elephant 
boilers by M. P. Villette, of Lille, all ready for 
service, while the third house contains three Bellville 
boilers rated at 100 horse-power each, and also 
ready for steam. ‘The fittings of these latter boilers 
are enn neat. Boiler-house No. 4 contains 
three boilers of a special type by MM. Weyher and 
Richemond, of Pantin (Seine), also completed, while, 
lastly, we find in the fifth house a couple of large 
boilers of the locomotive type made by the Com- 


pagnie des Fives-Lille, and well arranged in their 
details. These boilers have already been in 
steam, 


Passing now to the opposite side of the Exhibition, 
and commencing at the end next to the Ecole Mili- 
taire, we find the first boiler-house containing five 
boilers, namely, an elephant boiler by MM. Barbe, 
Petry, and Co., of Brussels, a tubulous boiler 
apparently resembling Roots’, another tubulous 
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boiler by M. J. MacNicol, of Seraing, and two boilers 
of special types by MM. Escher, Wyss, and Co., of 
Zurich, and MM. Sulzer Brothers, of Winterthur, 
respectively. All the boilers in this house are ready 
for service, and the two last mentioned are fitted with 
the Ten-Brink smoke-burning apparatus, which we 
shall describe in due course. 

The next boiler-house, on the side with which 
we are now dealing, contains two elephant boilers 
with return tubes through the main barrels, and 

rovided with feed-water heaters. ‘These boilers are 

y Mr. Louis Fontaine, of Lille, but they are as yet 
not completely set. ‘The third boiler-house contains 
a boiler of the locomotive type, with an enormously 
high cylindrical firebox casing, made by MM. 
Seraphin Frires, of Paris, while lastly we come to 
the British boiler-house, containing three boilers by 
Messrs. W. and J. Galloway, of Manchester, these 
boilers being of the makers’ latest type, and haying 
fittings in accordance with the most recent practice. 
Messrs. Galloway's boilers have been in steam for 
some days past. 

An examination of the plan we publish this week 
will show that in addition to the machinery halls 
proper, there are several important annexes devoted 
to exhibits relating to mechanical engineering. Of 
two of these—the annexes containing British agri- 
cultural machinery—we have already spoken, and 
we may now say a few words about the others. In 
a line with the British agricultural annexe is that 
devoted to the similar exhibits of the United States, 
but this is as yet in a somewhat incomplete state. 
The next containing engineering exhibits is that be- 
longing to Austria and Hungary, in which are shown, 
amongst other things, examples of rolling stock, 
including a highly finished locomotive, sent by the 
Kaiser Ferdinand Nordbahn. This annexe is ina 
very advanced state, as is also that of the Russian 
agricultural annexe, which comes next in order. 
Next we have an annexe containing an ice-making 
machine, by MM. Sulzer Brothers, of Winterthur, 
and then a Belgian annexe, which is so much behind- 
hand that its ultimate contents are undiscoverable. 

On the other side the French annexes form in 
themselves important exhibitions of machinery. 
Starting at the end next the Ecole Militaire, we 
find in them first a further collection of printing 
machinery and of machinery for paper - making, 
then brickmaking machines, and then the extensive 
exhibits of the French railway companies. These 
latter exhibits consist principally of locomotives, 
carriages, and wagons, and they form probably the 
finest collection of French rolling stock which has 
yet been brought together, Next we have a 
number of portable and semi-portable engines, and 
a number of stationary boilers of different types 
shown without their settings, while, lastly, in the 
annexe of which we are now speaking, we find 
models of coal mines and a trophy of coal, &c, 

Passing the Porte Rapp, we come to the 
second French machinery annexe. Here the con- 
tents begin with gasmaking apparatus, brick and 
tile machinery, machinery for making confectionery, 
cooking appliances, soda-water apparatus, brewing 
plant, bread-making machinery, and, in fact, ma- 
chinery relating to food products generally, while 
beyond comes a very extensive collection of French 
agricultural machinery, including some rather 
wonderful portable engines, 

Besides the chief machinery annexes already re- 
ferred to, there is also the special annexe of MM. 
Schneider and Co., of Creusét—distinguishable by 
the model of a large steam hammer erected in 
front of it—the annexe of the Terre-Noire Com- 
pany, and the annexes by she Seine devoted to 
maritime exhibits and marine engineering. All 
these, however, are in too incomplete a state to 
require more than a passing notice at present. 

We may now take leave of machinery, and say 
a few words respecting some other features of the 
Exhibition, One of these (to which we have 
referred elsewhere) consists in the series of facades, 
representing the architecture of different nations, 
erected by the side of one of the courts of the Ex. 
hibition. Of the facades relating to the British 
Section we have already given an account (see 
page 237), and about this, therefore, we need 
not speak here. Next to these comes the 
American building, respecting which we are unable 
to say a favourable word, its design being utterly un- 
worthy of the nation who produced so many tasteful 
structures of this kind at Philadelphia. Sweden and 
Norway are represented by a wooden building of 
elaborate design, while the Japanese structure is 
distinguished by its beautiful woodwork, with 


mountings of oxidised copper. China has a Pagoda 
nearly completed, while Spain is represented by a 
portion of the Alhambra (also nearly finished), and 
Austria-Hungary by a palace of very characteristic 
design. Next comes Russia with a wooden building 
enriched with elaborate carvings, and next Switzer- 
land with a building of a type somewhat dissimilar 
from that usually associated with this nation. 
Belgium has erected a massive structure of brick 
and coloured marbles, the latter representing the 
produce of her more important quarries, while 
Greece has produced ‘the house of Pericles,” with 
the brilliant colouring of its mouldings and cornices, 
and next come South America and the Grand Duchy 
of Luxembourg, both with highly characteristic 
structures. Portugal is represented by a building 
in the style of the Renaissance, with a beautiful 
doorway splendidly enriched, while last comes 
Holland with a building of the sixteenth century, 
constructed of red brick ornamented by carved stone- 
work, 

Of the general contents of the Exhibition—as 
distinguished from those of a strictly engineering 
character—our space will allow us to say little 
here, We may, however, state that they have cer- 
tainly never been equalled at previous exhibitions. 
In textile fabrics and ceramic products, the dis- 
play is simply magnificent, and we are glad to say 
that in these matters the British Section fully holds 
its own. Apparatus relating to physical science is 
also well represented, while the art productions are 
unusually excellent. In the departments of the 
Exhibition containing the exhibits of which we are 
now speaking, the progress made during the past 
two days is something wonderful, and so many 
sections will be practically complete for the opening 
day that the incompleteness in other parts may well 
be regarded leniently. 





Paris, May 1, 1878. 

Yesterday afternoon Paris was visited by a heavy 
thunderstorm with a downfall of rain and hail, that 
for the time practically put a stop to the outdoor 
operations at the Exhibition. To-day the weather 
is also very wet, and the state of the Exhibition 
grounds is such as to render getting about highly 
unpleasant. Disagreeable as it has been in other 
respects, however, the rain has proved very beneficial 
to the newly planted shrubs and flowers. In the 
large space between the Trocadéro and the exhibition 
building proper things have been got fairly in order, 
but in other parts of the grounds there is still much 
to be done in the way of finishing paths, &c., and 
the roads generally, cut up as they,have been by the 
heavy tratlic, are far from good, 

The opening ceremony to-day, in spite of un- 
favourable weather and somewhat imperfect arrange- 
ments, must be regarded as a success. The daily 
journals will present to the public so complete an 
account of the proceedings, that it is needless for 
us to enter into any detail. At two o'clock M. 
Krantz, the Commissioner-General, received, at the 
grand entrance of the ‘Trocadéro Palace, Marshal 
Macmahon, who arrived after his foreign guests, 
among whom were conspicuous the Prince of Wales, 
the Duke of Aosta, the Crown Prince of Denmark, 
Prince Orloff, Count Moltke, with many others. To 
an address delivered by M. Tessereuc de Bort, the 
Minister of Commerce, Marshal Macmahon replied 
briefly, and declared the Exhibition opened. An 
official procession then proceeded to the Champ de 
Mars building, where under the Central Dome the 
Council of State and a large deputation were waiting. 
Owing to an unauthorised crowd, and some de- 
ficiencies in the arrangements, the contemplated 
ceremony at this point was abandoned, and Marshal 
Macmabon proceeded to walk down the Inter- 
national Avenue, noticing each section as he passed. 
At four o’clock all parts of the Exhibition were 
thrown open to the public, of whom it is said 
500,000 were present, If this be so, it is by very 
far the largest attendance at an Exhibition ever 
recorded. 








THE LATE M. DE DION. 

WE have with deep regret to place on record the 
untimely death of the chief engineer of the Champ 
de Mars Exhibition, M.de Dion, who after elaborating 
the whole of the iron construction of the building, 
and earning for himself a lasting reputation by the 
boldness and originality he had thrown into this work, 
was not permitted to see its completion, No notice 
of this able engineer can compete with the eloquent 
address delivered a few days since by his friend and 





colleague, M, Tresca, himself one of the leaders of 





engineering science, and now President of the Society. 
M. Tresea, at the last meeting of the Society, said : 
‘* Gentlemen, I am here in the name of the Société 
des Ingenieurs Civils, to render homage to a friend 
we have lost, and who, although still comparatively 
young, not having reached fifty years, was remark- 
able for.the number and im of the works he 
has executed. Last year he was our President ; he 
wished, I think, to keep himself in the second rank 
this year, during which the Exhibition about to 
be opened seems to promise us a rich harvest of 
professional honour, He took upon himself the 
task of showing us new methods in the art of 
construction, and we lose him at a time when his aid, 
ever valuable, can but ill be spared. Leaving the 
Central School of Arts and Manufactures in 1851, 
he was selected by M. Eugtne Flachat to occupy a 
responsible position on the great public works. Under 
the able direction of this master, he was entrusted 
with the preparation of the designs and the erection 
of the Pont du Langon, regarded now as a standard 
work, upon the Chemin de Fer du Midi. In Spain 
he built iron bridges for the Société Pauwels; in 
Guadaloupe he finished one of the finest sugar works 
of our colonies; at Constantinople, he was directed 
to report on tramways; at Chili he explored the de- 
c= of guano, and at Santander he directed the 

arbour works for many years. These things alone 
suffice to indicate that he possessed all the qualities 
necessary for great undertakings ; a profound know- 
ledge, great force of mind, a sound judgment, and 
untiring energy. But we have left purposely un- 
noticed the most salient points of his career in 
order to throw them into more marked relief. 

‘* De Dion entered the Ecole Centrale in 1848, and 
devoted himself especially to the school of architec- 
ture, where his knowledge of the construction and 
properties of materials gave him a special authority 
in the course of study on the stability of structures. 
We should not forget that he conducted, with full 
success, one of the classes of the Conservatoire des 
Arts et Métiers, 

‘* Of his knowledge of construction he leaves us 
striking examples, amongst others, the Cathedral of 
Bayeux, and the galleries of the Exhibition. 

‘*The former was a really extraordinary work, 
which alone would be sufficient to preserve his 
memory. It consisted in the restoration of the 
foundations of the central tower of the Bayeux 
Cathedral, He showed in this difficult and dan- 
gerous work an intelligence, an energy, and a 
soundness of judgment, which placed him at once 
above his fellows. It was from this time that 
Flachat, who was a keen observer, formed a friend- 
ship with him which was never broken. De Dion 
was decorated for this work, which showed that our 
most important religious monuments, though falling 
into decay, may be preserved from ruin by works 
efficiently carried out. The book of MM. de Dion 
and Lasvigne, which is in itself a monument of 
reference, has preserved for us the means used in this 
enterprise. More recently, he was the chief engineer 
of iron constructions for the Champ de Mars, and it 
may be said that this class of work has never been 
carried out in so grand a manner, and with more 
certainty in its design, Certain galleries, although 
but secondary ones, are masterpieces, 

“ As to the studies of De Dion upon the resistance 
of materials, the reports of our Society contain 
records of new and most remarkable graphic methods 
which he applied to the calculation of curved beams 
of variable sections. We know that he was still 
seeking to simplify these methods ; but it is beyond 
doubt that the part already published will easily 
supply the key to the more recent notes which have 
not appeared. The application that he has made of 
his system to an arched bridge of 118 metres span, 
has given all the necessary confirmation to the cor- 
rectness of the method, 

‘*A mind so active and ardent could not remain 
quiet during the disasters of 1871. While many of 
us confined ourselves to the elaboration and con- 
struction of war material, De Dion was at the front, 
where he worked personally, and under the orders 
of General Tripier, with MM. Ducros and Trélat, 
completed fortifications and so distinguished himself 
that he was promoted to the grade of officer of the 
Legion of Honour. 

“ As to the private life of our friend I certainly 
cannot do better than reproduce here a touching 
note that one of my colleagues who knew and loved 
him best has sent to me: : 

‘“** That which you can praise in him,’ says he, ‘ is 
his character, which was of the highest type, com- 
bining admirable energy with unchangeable devo- 
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tion to all those whom he loved ; extreme nobility 
of sentiment ; modesty carried even to excess ; all 
that you can say upon this subject will still fall 
below the truth ; he was honour and goodness per- 
sonified,’ P 

“Gentlemen, Iam here in the name of the Ad- 
ministration of the Exhibition, to add a tribute of 
regret for this friend, for this eminent engineer 
whose loss we mourn. 

‘* Realising from the commencement how much the 
extensive experience of M. de Dion would be needed 
in the difficult enterprise about to be undertaken, 
I considered it good fortune to be able to associate 
myself with such a colleague, Is there need for 
me to say by how much my hopes have been 
surpassed ? The devotion of M. de Dion, further 
increased by his patriotic sentiments, was bound- 
less, and went perhaps beyond his physical forces. 

“‘ As to the part he has taken in this work it 
has been the most considerable. The system of con- 
struction which he designed constitutes unquestion- 
ably one of the most original features of our Ex- 
hibition. ‘These bold ideas, controlled, however, by 
strict calculations, have marked, I think I can safely 
say, @ new erain the art of construction. 

“‘ Why was it that it was not given to him to enjoy 
the honour he so well merited, and to assist at the 
inauguration of this edifice, to the success of which 
he has contributed so much ? 

“In De Dion the qualities of the man surpassed 
even those of the engineer. Amiable to all his 
colleagues, thoughtful for his inferiors, he was 
loved by all. For myself, who from my daily inter- 
course with him have been able to appreciate fully 
the goodness of his heart, the uprightness of his 
character, and the strength of his intelligence, his 
loss leaves a void which cannot be filled. Dear De 
Dion, receive our last adieux.” 








THE BELLEVILLE BOILER. 


We illustrate on page 341 one of the boilers exhibited 
by the Belleville Boiler Company at the Paris Exhibition, 
and used for supplying steam in the French Section. 
Our readers are familiar with the construction of this 
boiler, which, however, has received some recent modifica- 
tions. Inthe drawing A shows the sectional tubes, con- 
nected spirally by boxes at the ends; B is a fusible plug ; 
C the water supply pipe; D is the steam drum; E 
the superheater, connected by a series of tubes f; G is 
a mud and deposit collector. The arrangement of the 
remaining portions is clearly shown in the drawing. 








RANSOME’S TRYING-UP MACHINE. 


In the machine which we illustrate on the present and 
page 344, the main standard of the machine, which is 
cast in a solid piece and carries the saddle, feed gear, and 
the ends of the fixed beds, is of great strength and stiff. 
ness to withstand the vibration and strain of the working 
parts. The cutter block and spindle are forged entire of 
one piece of steel and run in hard gun-metal bearings of 
great length. These bearings have massive caps and 
supporting brackets cast on the saddle. 

The brass at the driving end is prolonged nearly into 
the centre line of the strap, thus obviating any lateral 
strain on the spindle from the overhang of the pulley. 
This pulley is forced on to a cone by a fine thread screw, 
thereby keeping it perfectly concentric, and with the 
block is accurately balanced on steel straight-edges. 

The end thrust of the block is taken up by a large 
gun-metal set-screw and collar, sufficient clearance being 
allowed endwise between the journals to prevent the 
jamming of the cutter block owing to the expansion which 
inevitably occurs with the slightest rise of temperature. 
The wood during its passage under the cutters is held 
by pressure rollers with powerful springs. These springs 
are enclosed in cast-iron boxes bolted to the main por- 
tion of the saddle, and are adjusted by screws and hand 
wheels. In the machine illustrated the cast-iron cover or 
guard which is hinged to the slide over the cutter block 
is placed in communication with the exhaust pipe of a 
fan for the removal of the shavings and dust, not only 
preventing their accumulation in heaps about the ma- 
chine, but by keeping any chips from getting under the 
rollers, the work is not liable to be marked from that 
cause, 

The saddle is raised and lowered by means of a screw 
actuated by a short bevel wheel shaft and hand wheel, 
which, being in front of the machine, is within easy reach 
of the operator, as also is the fly lock nut on the screw. 
On the larger machines of this class Messrs. Ransome and 
Co. also place a set of fast-and-loose pulleys at the back, 
opposite the hand wheel, for the purpose of elevating 
and depressing the saddle by power. 

_ The travelling table is made as light as possible, con- 
sistently with strength, to insure ease in running. 
moves on flat planed ways, and is secured on the under- 
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The rack is driven by a spur wheel of large diameter 
to prevent the irregular lifting action incidental to the 
employment of small pinions. 

The feeding mechanism derives its motion from a set 
of large pulleys shown underneath the bed and main 
standard, and protected by them. These pulleys are 
driven direct from the countershaft, and are usually 
arranged to give two forward rates of feed of 18 ft. and 
36 ft. per minute, and a return of 75 ft. The movements 
of the table are controlled by the two hand levers shown 
attached to the main frame, and the return being con- 
stant to both speeds forward, can be instantly applied by, 
either lever. The belting, however, may be so arranged 
that three speeds of advance and the quick return may 
be obtained without any alteration. 
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The power of instantaneous alteration of the rate of 
feed while the machine is in motion, without the clumsy 
expedient of shifting a strap on a cone, is productive of 
marked economy by enabling the operator to vary the 
advance according to the nature of the wood or other 
circumstances. The work can be turned out in such a 
perfect manner that the marks of the cutting knives are 
imperceptible both to sight and touch. 

A great number of pieces may be planed simul- 
taneously, being packed close together, so as completely 
to cover the surface of the table, and some notion may 
be formed of the economy effected by this machine from 
the fact that a lad can with ease plane and true-up 
the whole of the stuff for fifty doors, including the 
panels, in nine hours, the wood being brought to the 
machine rough from the saw. 

A graduated scale of inches is cut on the slide upon 
which the cutter block works, by which the machine 
can at once be set to cut any required thickness. 

A roller feed apparatus is shown at the right-hand end 
of the machine, which when special tools for the purpose 
are not available, can be used for planing panels and thin 
boards which do not require to be taken out of winding, 
such as flooring, skirting, &c. This apparatus is driven 
from a pulley in front of the machine on the first motion 
feed shaft, and is subject to the same modifications as to 
rate of feed as the travelling bed. A pair of side cutter 
spindles are frequently supplied attached to the back 
of the standard when any work capable of being turned 
out by a three-cutter moulding machine may be pro- 
duced. 

The cutter spindles of these machines are generally 
speeded at about 4000 revolutions per minute, but the 
only limit to the velocity at which they may be driven— 
and to their consequent productive capacity—is the en- 
durance of the driving belt. One enterprising firm in the 
neighbourhood of the Gray’s Inn-road has had two of 
these machines in use for some time, running them at 
6000 revolutions per minute without any inconvenience. 
The machine shown in the engraving is constructed to 
plane timber up to 14 in. square by 10 ft. long. 


CYLINDER BORING MACHINE, 
WE give on page 345 a perspective view of a portable 
machine for boring locomotive cylinders which is exhibited 
at Paris by Messrs. Sharp, Stewart, and Co., of Man-- 
chester. This machine is one of a series of tools specially 
adapted for dealing with locomotive repairs, of which 
the firm are exhibitors, and of which we shall speak 
more fully hereafter. The arrangement of the machine 


7 alt 








we illustrate is so clearly shown by our engraving that a 





side by clip plates. 


detailed description will be unnecessary, and we need 
only say that it is well designed for its purpose. 





CORPET AND BOURDON’S LOCOMOTIVE. 

WE give on the following page engravings of a small 
locomotive of a peculiar type shown at the Paris Exhibi- 
tion by the constructors, MM. L. Corpet and Ch. Bourdon, 
this engine being intended for working a line of 1 metre 
gauge, which is also exhibited by M. Decauville, ainé, and 
of which we shall have to speak hereafter. J 

Referring to our engravings it will be seen that in 
MM. Oorpet and Bourdon’s locomotive the cylinders 
instead of being placed side by side as usual, are both 
placed on the centre line of the engine, and inclined so as 
to be at an angle of about 100 deg. to each other, the two 
connecting rods being coupled to one crank-pin. The 
slide valves of the two cylinders are also driven from one 
eccentric, there being no link motion, and the reversal 








of the engine being effected by turning the 
eccentric on the driving axle as follows: The 
eccentric has cast in one piece with it a bevel 
wheel, into which a bevel pinion at the end 
of the reversing shaft can gear. In its normal 
state, however, the pinion just mentioned is 
kept out of gear with the bevel wheel on the 
eccentric by a suitable arrangement. To 
reverse the engine the pinion is put into gear, 
and the eccentric is then turned on the shaft 
into the required position, there being on one 
shaft two driving stops determining the position 
of the eccentric for forward and backward 
motion. 

The engine is mounted on four wheels, 
which are coupled by side rods in the usual 
way, the coupling cranks being respectively at 
an angle of 135 deg. with the main crank, s0 
that the weight of the coupling and connect- 
ing rods may counterbalance each other. The 
engine is carried on Belleville disc springs at 
the leading end and on a cross spring at the 
rear end, and it is fitted with a brake operated 
by a foot lever, and taking effect directly upon 
the rails. The feed-water is carried in side 
tanks and the fuel at the rear of the foot-plate. 
The boiler, which is kept high to give access to 
the working paris, has a circular firebox. In 
conclusion, we should state that we are in- 
debted to our contemporary the Revue In- 
dustrielle for the engravings of the engine we 
have been describing. 








Tux GOVERNMENT RAILWAYS OF New SouTH WALES. 
—Mr. R. H. Burnett, who for several years filled with 
much success the position of locomotive superintendent on 
the Metropolitan ilway, has been appointed’ loco- 
motive engineer to the Government Railways of New South 
Wales. 





AGRICULTURAL ENGINEERS’ ASSOCIATION.—The an- 
nual meeting took place on 30th April, when a new Council 
was elected. Mr. James Howard was chosen President for 
the ensuing year, in place of Mr. Samuelson, M.P., who has 
filled the office for three i, and was not, therefore, 
eligible for re-election. r, Howard, in virtue of the 
office, becomes a Royal Commissioner of the Paris Exhibi- 
tion. Among other resolutions was one in reference to the 
Paris Exhibition, which was passed unanimously : ‘‘ That, 
in the opinion of this association it is on every ground de- 
sirable that the department of British Agricultural 
Machinery at the Paris Exhibition should not be opened on 
the Sunday.” 


Tue Paris Exu1BiTion.—Messrs. E.P. and W. Bald- 
win, of the Wilden Ironworks, Sto: rt, and of Swin- 
don, have just despatched a good selection of their manu- 
factures to the Paris Exhibition. These include some 120 
small samples of iron—bar and sheet—bent cold under the 
helye and smith’s hammer, several whole sheets, “ tag- 
gers,” and stamped goods. Amongst the small samples of 
bar iron, is a portion of a bar lin. thick bent over once 
while cold under a six-ton helve. The iron at the bend is 
as smooth as lead, without the sign of a fracture, and pos- 
sesses a silvery sheen. The piles of folded sheet-iron in- 
clude samples of all the firm’s brands. Amongst them are 
pieces 241in. square, folded once, twice, and on until the 
size of the folded piece is reduced, in the case of an EB 
16 w.g. sample, in seven folds, to 6in., square ; another in 
fewer folds to 9 in. by 6 in. ; and others of “‘ B’’ quality of 
the same gauge bent in four folds to 14 in. square. In only 
one of the 120 samples is there a fracture. These tests 
borne with such admirable results by such small resisting 
surfaces demonstrate the cleanness and ductility of the 
metal. The entire sheets are pickled, cold rolled, and close 
annealed, and include singles, doubles, and lattens. They 
range in size frora 12 ft. long by 42 in. yy omer ets 
down to 53in. square, and of 27 w.g. All have a beauti 
white lustre, closely resembling tin. Amongst them are 
some 16in. by 10}in., of a thinness requiring 1150 such 
sheets to make 1 cwt. Another striking feat of the rolls 
are sixteen “taggers,” 6ft. 7 in. long, Oin. wide, and of 
the remarkable thinness of 45w.g. No fewer than 1300 of 
these strips would be needed to make up the thickness of 
lin. To further illustrate the quality and strength of their 
sheets, the firm also display really fine stampings, both 
tinned and black, such as saucepans, milk-tins, pans, and 
the like, that have been manufactured in New York by a 
process which consists of pressure, and not of a drop- 


stamp.—Birmingham Daily Post 
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TWIN CYLINDER ENGINE AT THE PARIS EXHIBITION. 
BERNAYS, ENGINEER, LONDON. 


CONSTRUCTED BY MR. JOSEPH 

























































































We recently had the opportunity of inspecting and 
examining under steam a new form of engine de- 
signed and patented by Mr. Joseph Bernays, of 96, New- 
gate-street, London. This engine is shown in our engrav- 
ings in half section and half elevation at Fig. 1, in plan 
at Fig. 2, and in transverse section at Fig.3. Fig. 4 is 
an end view of the valve motion, Fig. 5 the bracket for 
the way lever for the valve, whilst Figs. 6 and 7 are dia- 
grams showing the relative position of both pistons to 
the crank, Fig. 6 being the diagram for the ascending, and 
Fig. 7 that for the descending movement of the crank, or 
vice versd4, The engine has two upright double-acting 
cylinders each 4 in. in diameter, with a 63 in. stroke, and 
placed one on either side of the crankshaft. Both pis- 
tons are connected to one crank-throw by means of a 
triangular connecting rod guided in a crosshead, which 
causes them to move as though they were connected to 
two cranks set at right angles to each other. The. crank- 
shaft can be placed in any position between the cylinders 
either above, below, or at the same level, and the trian- 
gular connecting rod can be arranged in a reversed posi- 
tion to meet the requirements of other applications. We 
have seen a number of designs which Mr. Bernays has 
worked out for various purposes, in all of which a very 
compact arrangement is secured. 

The idea of designing this engine first suggested itself 
to Mr. Bernays some seven or‘eight years since, his object 
in the first instance being to provide an engine for marine 
purposes which should have the principal weights placed 
low down in the ship, with upright cylinders, glands at 
the top, and a long piston stroke. This object he has 
accomplished in the manner we illustrate. One of the 
difficulties encountered in placing the cylinders in the 
position shown was the avoidance of a dead centre, 
such as would occur if the two pistons moved in unison. 
This problem was satisfactorily solved by the adoption of 
the triangular connecting rod. The mere use, however, of 
such a rod between the two pistons and the crank is not 
in itself an entirely new idea. Such an arrangement 
appears to have been described in some of the early pub- 
liations on the steam engine thirty or forty years since. 
So recently as 1867, also, we described and illustrated an 
engine* of this class which was designed by Mr. Norman 
Wheeler, of New York, but here again we are not certain 
that it was ever adopted in practice. 

The difficulty encountered in practice may have been 
the want of a simple and efficacious device for the cor- 
rect distribution of the steam in both cylinders, and 
without which the arrangement could not prove a suc- 
cess. The ordinary arrangement of eccentrics and valves 
would not answer, inasmuch as the angular motion of the 
crankshaft relative to the various positions of each piston 
differs considerably from the motion of the crankshaft of an 
ordinary steam engine. The arrangement by means of 

which Mr. Bernays has rendered it possible to distribute 
the steam correctly in his engine consists simply in govern- 
ing the motion of the valves of both cylinders through one 


* Vide ENGINEERING, vol. iy., page 503. 

















eccentric and connexions in a manner analogous to that by 
which the main crank governs that of the two pistons. 
The two rods or levers through which the valves are 
acted upon in the first instance are hung to two eyes on 
the eccentric ring, as will be seen from our illustration. 
The position of and distance between these eyes bear 
the same relation to the throw of the eccentric as the 
measurements of the main connecting rod bear to the 
throw of thecrank. In other words, the triangular con- 
nexion between the crank and the two piston rods is 
reproduced on a smaller scale in the eccentric and valve 
rods. Consequently one eccentric is sufficient for mov- 
ing the valves of both the cylinders, and it distributes 
the steam correctly. 


Fig. 
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The engine we illustrate is intended for a screw 
yacht, and the reversing is effected in a simple manner, 
which, however, can be varied to suit circumstances. 
The eecentric is loose on the shaft, and is thrown 
over to the right or to the left for the purpose of 
reversing the engine, thus accomplishing the correct 
distribution of steam in both directions, and in both cy- 
linders with one eccentric only. For larger engines Mr. 
Bernays uses link motion, in which case two eccentrics 
only are required instead of four, as is usual in other 
engines. Any of the ordinary varieties of expansion 
valves working on the back of the slide valves can be 
employed in these engines, one eccentric always doing 
the work of the usual two. The position of the cylinders 
in relation to the height of the crankshaft may be varied 
so as to suit any purpose. Thus, for instance, in a ship 
of war the crankshaft may be placed lower than shown 
in the engravings, and whilst the length of stroke 
of such an engine is, within certain restrictions, 
unlimited, the weight of the vulnerable ions 
of the machinery will all be placed well down in the ship. 
On the other hand, for paddle steamers the crankshaft 
is placed in its proper position above the cylinders. 
The connecting rod is arranged with ite apex at the 
top, embracing the crank-pin, and thus the two pistons 
acting. upon one crank over head without a dead 
point, admits of a simple and compact arrangement 








for this purpose, For stationary purposes the crank- 
shaft is placed at any suitable height, the connexion 
with the two pistons being made by means of the 
triangular connecting rod as before. Mr. Bernays 
has designed engines in which the cylinders are of un- 
equal diameters and lengths of stroke for the purpose of 
working on the compound system. 

According to the arrangement and to the space left 
between the two cylinders, the engine may be designed 
with a single crank and connecting rod placed over the 
centre line, or two parallel cranks and connecting rods 
placed outside the cylinders may be used. The engine 
illustrated is of this latter class. The engine of which 
we have given a description above, is shown by Mr. 
Bernays at the Paris Exhibition. 





ON THE ROYAL NAVAL COLLEGE AND 
THE MERCANTILE MARINE.* 

By Mr. W. Joun, Surveyor to Lloyd’s 
and Foreign Shi 


stood that this 
towards 


the movement took place in this Institution in re- 
ference to the establishment of the Royal School of Naval 
itecture and i i im t 


ns to mao the 
tile 


dockyards. This was,.in fact, to be one of the special 
features of : 


school, in which it would differ from 
the two schools of naval architecture that had previously 
pr ery hegre = seg: ghee engin Another new 
‘eature was training of marine engineers in 

tion with naval architects. The last feature has to m 
mind been very successful. I can say for myself that 
value highly the fact that during my course of studies at 
South Kensington I was associated with engineers as well 
as shipwrights following a somewhat similar line of study. 
We who were for naval architects picked up a 
good deal from the engineers about engines and boilers 
that we might not have done otherwise, and probably the 
engineers picked up from our course of study a 

about shipbuilding that might otherwise have esca; 


them. 
The other special feature of the school to which I have 
alluded, viz., the training of private students, did not I 
am sorry to say prove so successful at South Kensington. 
Many praiseworthy efforts were made by the Science and 
Art Department to foster and develop 
school in this direction. The scale of fees was placed com- 
paratively low, free studentships were offered, and later 
on scholarships of 501. a year were off for competition 
to private students, but all these inducements failed to 
attract real support from the private shipbuilding esta- 
blishments of the country. Private students it is true 
came to the school, and some of them obtained free 
studentships, others su in gaining oo gay 
but for the most part those students came fresh into t 
without previous somneeien with ay private ae. 
butlding yards, or previous professio training, 
not_a few entirely failed to obtain during their course of 
studies a sufficient technical knowledge to enable them to 
obtain employment, or gain a livelihood by the profession 
had chosen. ‘There were exceptions of course. I 
ure to more than one former 


‘ensington who is succeeding, after 


i tages ; and 
certainly well deserve to succeed, but in saite ol this tack, 
few will deny that this branch of the Kensington school, 
viz., the training of private students for the mercantile 
marine, was a comparative failure. 

Since the absorption of the School of Naval Architeo- 
ture in oe aes Naval College, there have been no Eng- 
lish private ents entered init. Foreign students have 
availed themselves of the advantages of the college training, 
but English students of naval architecture have not done 
so. The a Ye a given se Nong Bh yen in- 
teresting paper at our Glasgow meeting autumn, 
however, affords better hopes for the future. There are 
already, I believe, a few private students undergoing a 
preparatory course of training to enable them, hereafter, 
toenter the college with fair prospects of being able to 
complete the course. And there is more than a prospect 
of a movement in this directi ng enco' by the 
establishment of scholarships by others than the Govern- 
ment, to be offered for competition to private students. 
The time therefore seems © for discussing more 
fully than was done at Glasgow, or than has yet been done, 
so far as I know, the position of our mercantile marine, in 
relation to this question of the technical education of 
private students at the Royal Navai College. 

I cannot claim to speak with much authority on the sub- 
ject, for neither ing the mercantile marine, the 
miralty service, nor in matters of technical training is my 
experience to be compared with that of many members of 
this Institution ; but this I can say, that I have looked at 
the subject at successive of my life from entirely 
different points of view, and I have very often thought 
* Paper read at the nineteenth session of the Institution 
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of Naval Architects. 
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treated differently from iron, and experiments like these 
give us much more information than any learned essay 
the subject could _—s supply. He thought they were 
very valuable. When strips of the same bar are tested in 
the usual way they stand the test the same as every other 
portion of the material supplied, and no doubt serve very good 
urposes for the makers. It has been advocated, and is still 
many, to use iron rivets for rivetting these mild steel 
plates together, but he could not too avaen a argue 
against that practice. He thought it was utterly against 
nature to ‘“‘stitch” a ma like this mild 
together with another material, iron, which behaves 
uite differently as to elongation and to yielding faculty. 
en iron rivets are a: the rivet holes must neces- 
sarily be larger than they would need to be if steel rivets 
were used, and being larger they would be put a further dis- 
tance apart, and the distance practically chosen is the same 
distance which generally — to iron plates of 20 per cent. 
greater thickness. If a smaller plate isheld together at arela- 
tively greater distance, the metal between the holes of that 
cannot be so securely held as it should be, anda or: action 
easily sets in. He was very glad to see that in this case 
Mr. Boyd had resisted the temptation to use iron rivets, 
and adopted steel rivetting in these boilers. With regard 
to punching, he did not quite agree with the author of the 
paper that punching necessarily diminishes the strength of 
the steel plate something like 33 per cent. No doubt his 
experiments had been very carefully made, but there is a 
great difference between punching and punching. His (Dr. 
Siemens’) idea was that in punching a cylindrical piece 
out of a plate it would be found that the punching, or 
burr, is not as thick as the plate but considerably less in 
thickness. What had become of this metal? The opera- 
tion had not increased the diameter of the punching; the 
lower part might be a little bulged out, that was all, but 
in driving the punch into this metal it accumulated some- 
where in the plate before rupture took place. us there 
would be a ring of highly compressed material, which com- 
pression causes the surrounding portion of the plate to be 
under high tension, and the result of this must be that if 
pressure is applied the portion is under high tension 
already ; receiving additional tension begins a tearing 
action. Hence the great loss of strength in punching. He 
held in his hand some experiments that were made with 
great care by Mr. Riley at the Landore Works, proving 
precisely the reverse. These plates, which bore before 
punching 29.33 {tons per square inch, bore after 30.7, 
without annealing. He thought the reason was that the 
support was made considerably larger than the punch, and 
thereby this compression was practically avoided. Another 
punch had lately been introduced from America which he 
hought well worthy of the attention of the meeting. It 
was a ‘spiral punch* which, instead of driving out the 
metal cuts it out in a spiral fashion. In punching thin 
plates he thought the author of the paper also found that 
there was buta very slight reduction of strength, and he 
also found that after annealing the punched plate it re- 
sumed its former strength intact. It also been found 
that in rimering a punched hole the strength of the metal 
is entirely restored, showing that the cause of weakness is 
in the immediate vicinity of the hole, and did not extend 
to any depth into the metal. He thought that the author 
had added a very important item of information with 
regard to the staying of parallel plate surfaces. The 
addition of the nuts to the stays showed a remarkable 
increase of strength, and he a that this mode of stay- 
ing would be adopted throughout. It was a question 
however, whether for flat stay plates this very mild steel 
should be used. He thought it would probably be more 
advantageous to use for flat surfaces steel containing 0.4 
per cent. of carbon. There would thus be got a material of 
great stiffness as well as great strength, and very consider- 
able amount of ductility. Steel with about 0.4 per cent. of 
carbon would not elongate 25 per cent. before breaking, 
but it would elongate probably 12 per cent., and in the case 
of a flat plate that ought really to be sufficient. He had 
lately witnessed experiments with a view to bursting a steel 
boiler. These experiments were made by Mr. Deane, at 
Swindon, and Mr. Parker, the chief surveyor of Lloyd’s 
for boilers, was present at the second experiments. Both 
experiments failed, that is to say, they could not burst the 
boiler, and he believed it was impossible to burst a steel 
boiler. It might be swelled and the joints racked to the 
extent of introducing an amount of leakage which will 
prevent the further accumulation of pressure, but it would 
never burst; and certainly that is a satisfactory condition 
of things. 

Mr. Bramwell, who spoke next, ‘said that with respect 
to the question of staying, he might mention that in the case 
of an explosion of a boiler, which was one of eight, where 
a doubt had arisen as to whether at the time that the 
boiler exploded there was a considerable pressure in it 
above the ordinary working pressure, or whether the ex- 
ploded part was in itself so weak that it gave way at or near 
the working pressure, it was found that there existed in the 
boiler. after explosion the testimony that the pressure 
within it had been very great, and that testimony was to 
be found in the flamebox at thé back of the firebox, where 
the surfaces were stayed with screwed stays with rivetted 
ends. The stays, according to the best of ‘his recollection, 
were 8 in. or 9 in. apart at the centres, the plate was just 
4in., and of-a first-class Yorkshire make. In between 
these stays the plates were buckled outward to a large 
extent, so that the surface of the flamebox represented an 
ordinary chair-cushion that one sees held down at intervals 
with little buttons, and it bulges out with the elasticity of 
the horse-hair in between. e plate had not given way 
anywhere ; all the other boilers which had been subj 
only to the right ressure were utterly without deforma- 
tion at all; ¢ ‘ore, the deformation remaining in this 
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particular portion of the boiler was a testimony that here 

pressure had been excessive. He had some pieces of 
the avert — out and j = = they 
presen appearance. not given 
way they cracked all round and flaked off. On — 


was found in every case that the thread had opened out 
alongside the stay-bolt, and had company with the 
stay; the thread did not show the a injury of any 
kind or description, yet that was within an ace of being 
iven off, and the least amount of pressure would have 
sent it off without the thread foage omer or injured in any 
be After that a et was with sta; 
nu and un-nutted, and then the plates were cut through. 
In the case of the un-nut this et was proved 
to bursting, and when it b at the stays the plates came 
off without the slightest injury to the thread either in the 
plate or in the stay bolt. It simply opened out and came 
away. As regarded the rive stays, he did not think 
any of them came off according to his recollection. 

. Tweddell said he had prepared a rough di m re- 
presenting the effect of punching on a steel plate, and the 
reason for doing so was the great importance, in his opinion, 
of our being able, in what is now almost a certainty, of 
having to use this material in future to a great extent to 
do away with the expense of drilling. The material itself 
was already sufficiently costly in comparison with iron to 
handicap steel boilers as oe iron, and therefore it be- 
hoved us to see in every direction how a saving could be 
effected in working the material up into aboiler. Punching 
possesses so many advantages over drilling in many cases as 
to render it extremely important that the operation should 
be rendered as innocuous as possible to the plate. He did 
not for one moment say that punching does not injure plates 
more than drilling. On the con , he thought it was 
con to common sense to think that a hole could be 

unched through a plate with as little injury as it can 

rilled through gabelly ; but when it is considered that 
by using awe | we secure much greater cheapness in the 
first instance, with much greater speed, and equal accuracy 
in work done, except in one particular case perhaps, when 
a number of plates are put together, such as in bridge and 
girder work, and also the great advantage of being able to 
use oval rivets such as were introduced some years ago by 
Mr. Webb, which he thought is one of the most important 
means of strengthening our future iron structures; in 
addition to which, when we punch the plates we can make a 
conical hole, and thus relieve the rivet of a large 
amount of strain, and should the rivet head come off, it 
will practically keep nearly as good as it was before. With 
all these advantages it was surely worth while to study the 
effect of punching on steel plates, and also how to do it 
with the least harm. Now according to the paper of Mr. 
Boyd, there seemed to be a loss of 30 cent., due to the 
operation of punching, through the plate being reduced in 


rocess of annealing, which for many. 
reasons was, he (Mr. Tweddell) thought, objectionable ; in 
fact he thought it was almost prohibitory, unless it was to 
be done for structures like ships and girders for bridges. 
M. Barba had given the loss at 35 per cent. for 
punching; but Mr. Riley, of the Landore Works, in a 
paper read before the Institute of Naval Architects, ap- 
peared to state that there was absolutely no loss due to 
punching. He (Mr. Tweddell) happened to be at the works 
of one of the leading engineers in this country last week 
and they have made six or eight steel boilers and punched 
every hole in them, not annealing the plates in them, and 
they put the loss by punching at something between 2 and 8 
per cent. They had made a boiler on that assumption, and 
those plates were of the same steel that Mr. Boyd used. 
Mr. Tweddell then exhibited a di illustrating the ex- 
periments of M. Barba.* In this diagram the annular 
rings shown were supposed to represent what may be 
termed the zone of alteration in the plates, due to the effect 
of punching. By removing these zones, by rimering them 
out afterwards, the whole of the loss due to the effect of the 
punching was removed ; practically by removing one milli- 
metre the effect of the action of the punching was removed. 
Another fact is that the punched steel plate, if the holes are 
made conical, is very much less injured in proportion. 
Mr. Tweddell went on to say that six mon ago 
the spiral punch referred to by Dr. Siemens had beer 
brought under his notice, and it struck him as offering a 
very practical and common sense remedy for the percussive 
effect of punching. With reference to the question of rivet- 
ting in a steel boiler, Mr. Tweddell said that at certain im- 
portant works where experiments had been made on the 
subject, it had been found that there was no loss due to 
unching beyond from 2 to 8 per cent. Some experiments 
had afterwards been tried there with rivets in the plate, and 
the effect of closing those rivets by hydraulic pressure on 
the material, and they went to show that the heat of the 
steel rivet actually annealed the plate itself, thus removing 
al} the injurious effect due to the punching. Steel rivets, 
he considered, had the advan that you were not able to 
make them too hot, as in iron rivets, thus making it a 
as if all was right, and yet leaving treacherous rivet-head. 
Steel crumbles away if overheated, and a rivet-head cannot 
be made with it under such circumstances. He (Mr. 
Tweddell) had received a letter from M. Barba, which gave 
some information with regard to what they are doing with 
steel boilers in France, especially in the French navy. M. 
Barba wrote to say that he is pleased to state that Mr. 
Boyd’s experiments confirm his own. In the French navy, 
besides launch boilers, they have some very large boilers 
boiler of the French navy now 


recovered by the 


of steel ; in fact, the typi 
isa jiler. The shell is of steel, and the front and 
back plates, but the tube plates are of iron. The thickness 


is from 22mm. to 18 mm., or from { in. to}} in.; the rivets, 





tt hae illustrated on page 278 of our number 





* A full account of these experiments appeared in our 





twentieth volume. 


through, the plates were found to be deflected. Then it | were 


be | stated that the 


strength. That of course could, according to the paper, be | parti 





suggested that th 
iments, so that it might go forth to the world on their 
authority what is really the merit of this new material. 
fo we ill, who s next, poe a punch which he 
some adopted for some 
cylindrical Roles 3 in. or 4 in. in diameter, through an }-in. 
or §-in. plate. ordi punch first used was not able 
to go through the plate, but he thought that by having the 
oer and off perhaps half the thickness of the plate to 

P ed through, so that the punch should begin to 
work at one corner and gradually to make the cut more in 
the nature of a slice, it might be easier, and he found that 
it answered exceedingly well, except that it put rather too 
much stress on one side of the punch. He then obviated 
that by cutting a groove across the punch, instead of 

ing a clean cut off at one side, so that it might begin 
to punch two sides at once. It was a little heavier to punch, 
= it reduced the a then nearly half as compared with 

e 0 punch. 

Mr. Arthur Paget next made some inquiries as to tho 
clearances of the ches and dies used in the experiments 
referred to by Mr./T'weddell, and in illustration of the effect of 
the spiral punch, hesaid that in the knitting machines made 
by him there were used small articles made of cast steel plate, 
very thin steel of complicated shapes showing a good many 
hollow corners. In this case they wanted the punching not 
to be distressed ; in boiler plates we want the thing out of 
which the article is punched not to be distressed. In the 
paper he had read on this subject at Nottingham, he had 

found 4 difficulty in getting these 
articles punched so as not to distress the internal corners 
inthe plate. Mr. Bramwell kindly at that meeting drew 
his attention to the fact that leaving still the corner in 
would have the same effect. He adopted that plan, and it 
had some effect. They found the main effort of those who 
punched these steel thi consisted in letting the punch 
come down upon the material one corner first, and instead 
of punching it at one blow it practically reduces the whole 
operation of punching to an operation of shearing: In that 
way they find the metal is not distressed, and instead of the 
things dropping asunder‘as they used to do by scores ina day 
in machines, they have machines running for three years 
without breaking one. Therefore he anticipated that this 
will have a great effect probubly if well carried out, and 
be —e properly dmngel in avoiding distress to 

e metal. 

Mr. Lonis Sterne said that in the experiments made at 
Crewe with Kennedy’s spiral punch (of which experiments 
iculars were given on p. 278 of our number of April 12) 


the dies he believed were precisely the same for the old form 
of flat punch as for the spiral. This was also certainly 
the case in an experiment carried out on the Great Eastern 
Railway ; there the dies were y the same, and the 
results were very remarkable. At the Great Eastern 
they; punched a § iron on and with a flat punch it re- 
quived a pressure of 35 tons to penetrate the metal. The 
spiral punch was then substituted for the ordinary punch, 

e same die remained in the machine, and the pressure was 
only 22 tons. 2 

Mr. Pawsey said he had had a deal of experience in 
punching and shearing, and also in testing iron and steel, 
and had some six ago to make a series of experiments 
on steel bars for Committee of the Institution of Civil 
Engineers. A very exhaustive series of experiments were 
then carried out at Woolwich Dockyard with the object 
of determining what had been called the standard of value 
of steel in various structures. As regarded the action of 
punching and stress upon iron it had been proved by experi- 
ments that the compression and m were eq for 


equal forces on equal areas ee ee of 
metal has a limit of elasticity of 10 tons to the inch in 
tension, and it would take a permanent set in that direction 


it would also take a permanent set by 10 tons of compres- 
sion, and if a superior kind is used, go’ ee 2 or 
13 tons in tension, which he thought was about the highest 
limit arrived at, it also took 12 or 13 tons to give it a per- 
manent set under compression. ‘ore, a hole is 
— out of a piece of plate, when the punch comes 
wn it necessarily has to compress that area before it com- 
mences to cut, consequently the an of that spiral 
punch or the one adopted by Mr. Hi an advantage, be- 
cause the area under compression at the first instance is 
somewhat less, that is to say, the punch does not cut on 
the whole surface at one moment. Some years he had 
some as to do which he found very difficult, and he 
had the er hollowed out so as to have a cutting edge 
all round, and, of course, the surface area at first starting 
was less, and it uced far better holes than with the 
0 rocess. He thought thatin steel plates if that were 
tried it would be found to be we ee ee and 
the plates will not be injured so much as by the ordinary 
. Atthe same time, he was quite of opinion that 

ing, if the expense is not too great, is better than 


Mr. Wicksteed stated that the 


increases the 
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die, 

hole would be 
. In marine boilers if it an advantage to 

ve the holes countersunk, punching might be advisable ; 
but if it is a disadvan , if by removi an unequal 
quantity of metal from the two sides of the plate as a 
ter quantity is removed from the sides of the hole, 
then, he thought, it settled the question, for it was quite 





but then, of course, it is largely a question of price ‘Boiler 
plates made of steel are now, he supposed, worth about 14. 
a ton for ordinary sizes, whereas iron for ships’ 
boilers may be had as low as 71. 10s., = carriage, for 
ordinary sizes, and the majority of iron boiler plates now 
used, as far as his experience went, do not cost more. 
Therefore it was a question v much of price, and 
efficiency, of course, for that price. Then there was another 
uestion, of corrosion. This was very thoroughly 
i at the meeting of the Iron and Steel Institut 
last week, and he thonght, as the result, the greatest antho- 
rities had very different views on the subject. It occurred 
to him whether this would not be a suitable thing for the 
Institution to experiment upon, to obtain from the different 
kinds of steel and iron a series of tests to show their 
physical qualities ; also to ascertain their chemical analyses, 
and at the same time to ascertain clearly, beyond all doubt, 
this question of corrosion. 
Mr. West said that the means of ascertaining the point at 





which the permanent set of test — occurs are generally 
incomplete, and he wished to whether know this point had 


Mr. Boyd had done, nor 
argument = had been 


imit of strength, i 
its general characteristics, and this so tremendously that 
unless they had a full and entire view of the whole thing 
their experiments were of very little worth. He did not, 
however, agree with Mr. Tweddell’s suggestion that the 
Institution should take up this subject, and investigate 
it for the whole world, inasnfuch as they have depended 
hitherto on individual enterprise, and the country has pro- 
with wo ul strides. He had not had a very 
experience in working the Landore Siemens plates, 
and he did not know how many steel boilers he made 
of Landore steel out of the 1400 or 1500 he had constructed, 
but certainly a very considerable number, and the metal 
had always given him entire satisfaction. He was at a loss 
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impossible to punch a hole without greater stress unless a 
t amount of c is given to the dies. It seemed 
him that a great deal of expense might be saved in 


g strips for testing by simply having grips made 
vith fine upon them, parallel on the Pralde, and 
working in a box with taper sides of about 1 in 8. 


Mr. Jeremiah Head, who spoke highly of the character 


of Mr. Boyd’s paper, said it seemed to him almost a pit 
that the discussion on so important a communication shoul 
have become one simply on punching, which although ve 
interesting in itself, is applicable to plates of any powers | 
As ed steel, its ies seemed to him to stand 
like this: Its ultimate tenacity is considerably 
greater iron plates. Its extension :s very consider- 
ab r, but it did not appear to him that the point 
at which it begins to give way was much greater. Accord- 


ing to the Table No. 1., given by Mr. Boyd, at about 
1 tons on the square inch the material seems to begin to 


t is very much atout the 
aie cee, e had seen experiments 
w 


H 
made in the boiler plates did not give way 
much before 16 tons te the square inch, perhaps 
about 1 There was no bt for bulging, or any- 
the material has a very great advantage, 
~ ® This boiler is described in Mr. Boyd’s paper, 


' *s paper, see ante 


been observed in Mr. Boyd’s experiments. Mr. Boyd had 
stated in the body of his paper that elasticity is lost at an 
early point, and he quotes 16.6 tons as the point at which 
the elasticity is lost. He says elasticity commences 
early. He (Mr. West) found a little difficulty in har- 
monising the use of the word elasticity in those two senses. 
He was inclined to think that mm the second case elongation 
was meant. There was another point which appeared to 
him of considerable importance, and that was the element 
of time joined to theload. He had made a ¢ number 
of tests, both of iron and steel, and he found very 
frequently that he could make a difference of one or two 
tons per square inch by introducing the element of time. 
He would be glad if Mr. Boyd could say how he mea- 
sured when the permanent set commenced there, because he 
found in the Table that the progressive stages are at wide 
intervals, at 65 Ib., 65 Ib., and again at 65 lb. to the 
square inch. If Mr. Boyd did not ascertain whether per- 
manent set commences between those intervals, it seemed 
to him that we were still in the dark about the question of 
65 Ib. to the square inch. 

‘ Mr. famess, peogneke next, goes ~ straight- 
orwardness Mr. 3 ,.and especially the manner 
in which Mr. Bo: a col oes before the Institution the 
things which failed as well as those which did not fail. He 





(Mr, Adamson), however, should not take quite the same 


Be, B” ccsmscsunseccrvomese cones 
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to know why with regard to Mr. Boyd’s tests, they should 
have the permanent set introduced at 14 tons or 15 tons. 
That was not in accordance with his own experience. He 
also took the view of Mr. West that we ought to register the 
conditions during the period for which the test is going on. 
His own daily test-book would have shown a very diffe- 
rent state of things to those which have been announced. 
He considered that the author had acted wisely in setting 
aside the results of tests of short specimens, the whole of 
such tests are only delusive. ith a 2-in. specimen 
it {is quite possible to get a supporting load of 40 tons 
on the ductile metal that will register elongation at 34 tons 
or 35 tons. Certainly to look at it in that limited view it 
would appear an extraordinary metal, and one that would 
give entire satisfaction. But if a sample 10 in. long is 
taken of the same metal, it will be at once found that the 
maximum load is somewhat less, and that oS 
set is much more accurately registered. He found at 
his own works that with a steel boiler plate possessing 
32.9 tons, or in round numbers 33 tons endurance, the 

t set was induced at 24 tons. That was so widely 
Rift erent to the permanent set announced of 16 tons, that 
he was at a loss to understand it, unless it be that Mr. 
Boyd’s was a more faulty specimen, or a short a or 
that it had some iarity of composition. He had 
several of the same sort where a steel plate that would carry 
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from 32 tons to 33 tons will never show symptoms of distress 
until it gets to 24 tons or 26 coud ack balan anaes 
10-in. specimen. r the permanen’ en 
they would probably have an elongation of 12 per cent., and 
the whole of the further — is developed from a 
very limited area, and it is called the breaking elongation. 
But that breaking elongation was much underneath the 
maximum load it would a Oh the only explanation of 
that protection which would be given to a steam boiler is 
that announced by Dr. Siemens, that rupture does not take 
lace at an early period, but the elongation of the rivet 
holes or drilled holes would allow Sakae to take place 
without bursting the structure. That might not apply 
perhaps to the steam pressure where it was continuous 
and at full power ; in fact, it could not. With a delicate 
machine he had found without one exception that the 
breaking load runs tremendously lower, and is not indicative 
of anything like what the metal would on its original 
sectional area. He agreed with Mr. Head, that this is an 
interesting subject as regards punching and drilling, but 
he had really made op his mind that there was hardly an 
engineer in the kingdom, to use the language of Mr. Head, 
‘‘who was worth his salt,’’ who believed that the punch 
could ever supersede a truly drilled hole. It seemed to him 
fallacious to imagine that a conical hole was a desirable 
thing for a steel boiler subject to a highly elastic strain. 
He would not say that that might not apply to a ship, be- 
cause there many other conditions were present. But he 
held that it was a very desirable thing that they should not 
have conical holes for boilers, and that when a rivet head 
was formed by a machine it should not have a tendency to 
burst the plate. He had seen hundreds of plates which 
had had their edges nearly burst half through by the 
amount of force put on the rivet. So that it was not only 
necessary that they should have a mechanically true hole, 
and that they should have a perfectly parallel hole, but it 
was equally important that they should have the exact 
mechanical force brought to bear on the sectional area of 
the rivet to complete the work. He quite approved of the 
plan which had been suggested for gripping the plate 
properly, and in his own machines the samples were 
gripped in this way. He had now found that he could 
prepare a specimen at very much less cost, and only gett 
it up about a quarter of an inch wider than the point to be 
tested, while giving all the security that was necessary, and 
hence less material was wasted and less poeeseien was 
required to get a parallel action through the whole of the 
specimen. He could not admit some of the statements 
made by Mr. Boyd to show them that they must reduce the 
compressive sections down, say, 10 or 12 per cent., because 
they all knew that it is not the maximum endurance met with 
under ordinary conditions that the firebox is subjected to, 
but those alarming conditions that arise through shortness 
of water and accidental troubles that they did not foresee, 
which they had to provide for. In his own practice he had 
never reduced the compressive strain of this mild metal lower 
than iron, and hethought these tests of the rectangular boxes 
were clearly illustrative that there was no need to do 
so. They had all known that the support given to a flat 
surface by a nut wasfar superior to that given by a rivetted 
head. If they could put a washer on behind the nut it 
would support the buckle better still, and then they could 
get a thin plate. But these stays were put where there was 
an intense fire, and an intense fire would not admit of thick 
washers and good nuts ; it must have a rivetted head, and 
then they must naturally come back to this, that they must 
have these stays not too far apart that they might get the 
security. But at the end plate, which is not subject to the 
fire, they had the power of regulating with greater certainty. 
Mr. Tweddell said that the punched structure was as 
good and as trueas thedrilled; but such a thing had never 
come before him (Mr. Adamson). If, as had been some- 
times suggested, they were to rimer out the hole and get rid 
of that portion of it which is in antagonism with the rest by 
compression, they might as well drill to begin with, and he 
thought far better. From his own experience, after having 
made 1500 steel boilers, he could say that if they put 
wrought iron under the same tests as steel, where every 
plate has been tested, he dare not make an iron structure 
atany price. Experience of its composition had clearly de- 
monstrated that they only understood half the treacherous- 
ness of iron plate. For instance, he had the results of some 
experiments which showed that an iron plate carried 
20} tons longitudinally, but it: broke with 17.8 tons in a 
transverse direction, and this plate contained 34 per cent. 
of cinder positively admixed; it was really an iron 
concrete. If an iron plate was planed asunder, and 
examined, it could be seen with’the naked eye without a 
magnifying glass that the cinder existed very irregularly, 
sometimes the size of a pin’s point, sometimes } in. or # in. 
diameter. How — were ever to expect to get uniform 
strength with a metal so made was, beyond his power of com- 
prehension. 

Mr. Cowper said that Mr. Boyd had shown that mild 
steel was admirably fitted for the various purposes of 
different parts of the boiler, and in giving the details of the 
facts as to the annealing and rivetting he had done a ver 

eat service. The facts of the mild steel rivets were we 

rought out, and he thought that all present would feel 
much more confidence in using mild steel rivets in future. 
It would not do to use steel at all high in carbon or hard 
steel, because, of course, such rivets would harden in the 
chill, and the chilling that takes place when a hot rivet is 
put into a cold plate is very decided. Therefore, the steel 
must be particularly mild steel for rivets. He agreed with 
the author that they ought to be of the same quality as the 
plates. The buckling experiments were extremely inter- 
esting, and he was rather astonished to find that even this 
good steel should have stood so well as it did with the 
rivets placed 9 in. apart; it seemed to him rather a long 


distance for that high pressure. He thought that a boiler | Euro 


that bears 65 Ib. ought to be |proved to double, and when 
80 proved the strains should be just within the elastic mini- 





mum. He knew that was a different rule to the Board of 
Trade ; they give a certain factor, i 


figures to that factor, but SS ke ht the rule 
vary ry Rail 
ascertain i ae pret ge im 


was to the elastic limit 
means the strain which would alter its shape so that it 


would be no longer a boiler of the same shape they made it, | miles 


and that alteration of shape would, of course, cause a con- 
siderable leakage. Liloyd’s now allow a ship to be built 
with mild steel of from 20 to 25 per cent. less weight, but 
then the steel must break under 30 tons; it is not high 
steel, it must be mild steel to break at 30 tons. With re- 
gard to the elastic limit, sometimes in a table one gets 
expressions put down which are meant to be usedtin a 
slight! ae iy to meer yc —_ them wee 
an @ ion, and he thoug’ e great discrepancy wit 

sation v9 specific elastic limit in iron and steel arose 
from the various modes in which that is attempted to be 
arrived at. He had known such things as experiments 
made wherein the extension was measured, not on the plate 
at all, but on the apparatus—the apparatus having a cer- 
tain amount of spring and compression, and various other 
variations ; the whole of them were taken into account and 
the distance measured by the machinery. That he did not 


Fig. 5. 
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hold with at all; the actual material itself must be 
measured. He agreed with Mr. Adamson in saying that 
no short experiments ought to be made for judging of the 
elastic limit or expansion of iron or steel. Some 30 years 
ago he made a vast number of experiments on heavy bars, 
the =~ of them 10 in. by 1 in. ; they were bars for 
the Kieff Bridge, in Russia. They then made a machine 
which they named the Extensometer ; it was a plain bar 
about 4 ft. long of light iron tube with a little brass fork at 
the end just coming out to an angle, and at the other end 
the same brass fork. That was made to move in a slide 
perfectly free with a spiral spring behind to push it out. 
On the bar to be proved they put a clamp with a pin to it, 
and made the sliding bar press against that. You might 
then pull the bar in or out and the slide always worked 
with it. On this little slide was along vernier on which 
could be read to the 1-10,000ths of an inch with the greatest 
ease. He then proved absolutely by dozens of experiments 
that the extension of ordinary wrought iron did not begin 
to take a set at 10 tons, but at 8 tons. The set at 8 tons 
was quite perceptible, and no iron he got went above nine 
before there was an absolute set. Upto that time he knew 
that 10 tons had been taken as the very commencement of 
set, but that was not the fact. With regard to steel he 
should like very much to know from the author how he 
arrived at the exact time when the permanent set took 
jlace, because it is put down here at 16 tons, but unless he 

as delicate an instrument as that he had described he 
ventured to doubt whether the results were correct, be- 
cause he thought that this set began before. That was 
nothing against steel any more than it was against iron, 
because it shows its ductility. With to punching, 
he stated that the links of this bridge he had referred to, 
which were 7 ft. 6 in. long and 12 in. wide, had the holes 
punched out, but to do that they had the punch made con- 


vex so that it sheared it out in four —— at once. They 
used cast iron dies, which stood very well indeed for that 
kind of work. The links were punched hot. 


(To be continued.) 








AUSTRALIAN TELEGRAPHY.—Colonel Glover, ery 
director of the Eastern Extension, Australasia, and Chi 
Telegraph sory ry, A bem ye arrived at Melbourne, March 
11. object of Colonel Glover’s mission is to facilitate the 
es of = a bara sree a 
pe. Aconference upon the su is 

held at Melbourne in the course of April. All the Austra- 
lasian colonies will be represented at this conference. 


FOREIGN AND COLONIAL NOTES. 
.—The Northern of Spain 
has decided to amalgamate with the 
, and Barcelona Railway. The 
ayuhem, then qnuated Will be 
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Post Railroads.—A “ post” | now building in 

the Bradford (Pennsylvania) oil region, is attracting 

capil, anilehay. On therbard sopeed” Leja ate Toot tne? 

. nm > i ’ 

and from a foot and a half to two f ee oie pS 
a 

15 ft. doash, the i ‘ these 
Thane variltals recy to leigh, nal be eh teh 

ese Ve vary in i the 
of the road is roguiated. “On, the top of these verticals the 
horizontal pieces to which the rails are spiked, So 


— their — wt one another. 
eepers are M in. in thi .B arrange- 
ment of vertical and 


ya 
I | horizontal pieces of ‘Gmber, the tim- 
bers on which the rails are laid are kept firmly in position, 
and two wooden rails, 3 ft. 6in. below the top of the iron 
rail, and 22 in. apart, are s to vertical posts. Across 
streams and swampy ground piles are driven. On this one 
rail a saddle-s car is mounted and supported by two 
wheels with double flanges. A gondola car now mounted 
on the portion of the road com is 22 ft. long, 9 ft. 
wide, and weighs over 7000 Ib. e car is a double-decker, 
there being room for freight in the the car, and on 
each side of the saddle. Twenty-two inches below a plane 
tangent to the upper wheels, at the lowest = of their 
smaller wheels are placed in a horizontal 


circumference, four 
a. and in the same plane, their circumferences being 
in. apart. These run against the wooden guide tails, 


and keep the car in tion. The wheels are attached in 
Gasiesin, cunnechel ati the iron framework of the car. 

The Hétel de Ville, Paris.—The reconstruction of the 
Hotel de Ville, Paris, destro during the Communist re- 
volt of 1871, has hitherto 


e but slow progress. Insuf- 
ficient supplies of stone have cccssloned the delay which 
has taken place. 

Mortality on German Railways.—The number of deaths 
on German railways in 1877 was 427, as compared with 460 
in 1876. Only two passengers are stated to have been 
killed last year through faults in the management of the 
various lines. 


Belgian Rails in Italy.—The John Cockerill Compan 
has just taken a contract for 2000 tons of steel ie ny oy ~ 3 


supplied to the Upper I Railway Company. The John 
Cockerill Company’s jon a ill enable the com to 
work off cml order in a few days. The price at wi ich 


the contract was let is stated to have been sufficiently re- 
munerative. 


American Railway Matériel.—In 1877, the United 
States exported 64 locomotives, of the value of 633,501 dols. ; 
521- and freight cars, of the value of 446,322 dols. ; 
6375 car w , of the value of 99,845.dols.; and 131,945 
ewt. of rails, of the value of 281,198dols. This branch of 
the American export trade is of comparatively recent 

wth, as egg. nf such articles were impo into the 

— States, of being exported from the Re- 
public. 

Russian Coal.—The production of coal from the south- 
ern provinces of Russia now attained a total of 
50,000,000 pouds annually. Considerable as the annual 
coal production of Southern Russia has now become, it 
scarcely provides for the annual consumption of coal in the 
same portion of the Ozar’s vast empire, and a certain 
— of foreign coal has still to be imported. Russian 

eesarism is not very favourable to Russian coal-mining. 
air Power wf roma towet Official statistics show 

at the gate force of the steam engines existing in 
France is 1400-000 horse power. i 


British Columbian Coal.—The anthracite coal of the 
Queen Charlotte Islands, British Columbia, is said to com- 

re favourably with the anthracite coal of Pennsylvania. 
The a composition of the coal of Vancouver Island 
is returned as follows :—Slow coking: water, 1.47 per 
cent. ; volatile combustible matter, 28.19 per cent.; fixed 
carbon, 64.05 per cent. ; and ash, 6.29 cent; total, 100 
per cent. her sng = | coal: water, 1 cent, ; volatile 
combustible matter, 32.69 per cent. ; carbon, 59.55 per 
cent. ; and ash, 6.29 per cent.; total, 100 per cent. 

The St. Gothard Tunnel.—The cost of carrying out the 
cages plan of the new line which is to connect the 

ways of Germany with those of Italy, by way of the St. 
Gothard would, according to a paper Fast issued from the 
German Chancellery, amount to 11,560,0001., bei 
4,080,0001. in excess of the original estimate. The origi 
scheme, which included several branch lines, has accordingly 
been cut down to such an extent that the first estimate 
will only be exceeded by 1,600,0001. Of this sum the 
Governments of Germany, Italy, and Switzerland have 
agreed to provide 1,120,0001., Germany and Italy each 
subscribing 400,0001., and Switzerland 320,000/., on con- 
dition that the St. Gothard Railway Company provides the 
remainder or 480,0001. The subventions which the three 
Governments had to give on the origi 
were altogether 3,400,0001., and they will 
creased to 4,520,000/., while the ital which the com- 
pany will have to raise will be 4,560,000/. These final 
estimates now only await the approval of the German 
Federal Council, which it is expected they will shortly 
receive. 

Gas in Paris.—The consumption of would 
to be continually extending in Paris. Fins in 1857 the 
Parisian Company for Lighting and by Gas sold 


‘ore be in- 





56,042,640 cubic metres ; in 1867, 136,800,768 cubic metres 
and in 1877, 191,197,228 cubic metres. 
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METALS, 
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ANTIMONY ORE (perton)— 12 

ReOguUlus (StAL) ..e.ercereveee 49 

Brass Ib.) — 5, 

Sheets, gee 24 scosecsescsesse oO 

Yellow MCRL seseverserseree 8 
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(per ton)— 2 6. 
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STEEL CASTINGS—Continued 8. 4d. 
heads, 


BIOS, BC. 04.4. -0000 v00 00 
Tumbler bars and other 
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TIMBER, DEALS, &. 
LONDON, 


Cer Seteniars aeee £ 8. 
Archangel Ist yellow..,... 19 © 
9 eevee TZ 10 
Petersburg srecscecscsoceeses 1 O 
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)) 
Finland deals ....cccrseee 10 § 
” Dattens rcsowe 9 0 
AMERICAN DEALS— 
pare — lst mm pine... * 10 
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Charge for labour 2s. per standard for deals, 


» oO 
ee 


£ 
° 
° 


eon 


we eeeswo 


11 


and ls. 6d. per load for timber. 
WEST HARTLEPOOL. 


(Per cubic foot) 
Dantzic good middling fir... o 1 
Ditto common middling fr o 1 
Sundowall HF crecsccosrserseees O 1 
(Per Petersburg standard.) 
Gefle Ist red deals .....000.. 16 © 
» 2nd i» 


te 





» & seereeeeenee 9 10 
Be unsorted white deals 

es ae 

Tunadai Ist red deals” sovsee IS 10 

19 DALES evvecserveree 14 10 

» ord ped anaie. some IE 12 

sy DALOTS seeveeoreed 10 § 


Gottenburg érd red battens 10 12 
Petersburg ist red deals,,, 17 © 
Quebec a sin. x Jin 

and upwards.., 


14 
& 
oo 
° 
econ eoooecoaneooo 





Charge for labour ds. "per standard for deals, 


Lon 
ow ow 


and Is. 6d. per load for timber. 


WISBEAOH. 
(Per Petersburg standard.) 
Gefle ist red deals 








” a ” 
Wyburg Ist red deals . 
» 7" battens ... 
»  2ndreddeals and 
battens . eocccccesese EE . 
Wyburg and red boards owe IF 
Free on railway ‘eunns. 


emo oocooe9P0000 





on “oO 


wSnoe 


- - = 
eocoounsd 


mm 


~ 
eoco 


UACCOHRONSD 


a 
6 
° 


ee Go Henne “ 


~ 
eoeceo 


ooaco “soo 
a 


@aeoroenm ooodcocdae 


fF epoceoeoco Coo 


ese 


coo 


e 
ro 


ecoceoaoocoo 














May to, 1878.) 


ENGINEERING. 


359 





A NEW BRIDGE AT PRAGUE. 


PraaveE, being situated in the valley of the Moldau 
or Vitava, is divided by the river into two parts. 
On the right bank are the town quarters: 1, the 
City ; 2, the New Town; 5, the Ghetto. Suburbs: 
Vysehrad, Karlin (or Karolinenthal), Zizkov (Tij- 
koff), the Royal Vineyards (or New Prague). Po- 

ulation, about 170,000. On the left bank: 3, the 
ittle Town; 4, the Hradchin. Suburbs: Smichov 
(Smeekhoff), Bubna. Population, about 50,500.) 

The river flows from the south to the north, making 
at the north end of the town a large bend to the 
east. Its mean breadth is about 834 ft., its average 
depth only 9 ft. The breadth varies, however, con- 
siderably, and in two places within the town the 








Poe sceasceasesoce 


y 916. 130 Fila, . 





river is divided into several branches by islands, 
The depth of water is also very variable, the river 
being very shallow during the hot and dry summers, 
whereas in the spring floods as much as 12 ft. (1871), 
or even 17 ft. (1845), above mean level have been 
known, and must be provided for. The normal 
velocity of the water is very small, being on an 
average 16 in. per second. The river bottom is 
formed by sand and gravel, extending to a consi- 
derable depth, and resting on the silurian strata of 
black slates which also underlie the town. The 
gravel of the river bottom is in most places very 
closely packed, and is able to bear considerable 
weights with security. 

The navigation within the town limits is confined to 


rafts and river boats of small size only; larger, masted , 


boats coming from the north (partly from Hamburg) 
stop at the north-eastern end of the town, whereas 
the steamers, which are plying on the river to a dis- 
tance of about.ten miles south of Prague,* have 
a landing stages at the southern end near 
Vysebrad, The passage of larger vessels through 


* At present there are only two such steamers in activity. 








stones + scien 


the town is made impossible by the existence of five 
weirs in that length of the river. © 

Forty years ago there was only one bridge in ex- 
istence, the communication being maintained by a 
considerable number of ferries ; at present, however, 
we find the following bridges, beginning at the south 
end of the town and progressing to the north : 

1. A railway bridge of about 965 ft. total length, 
with four spans, bridged by lattice girders of 
Fernkorn’s system. 

9. The new bridge, to be presently described. 

3. A smalliron bridge built in 1874, connecting the 
Island of Sophia with the right bank of the river. 
There are two short spans with a central pier formed 
by two cast-iron columns filled with concrete, 

4, The Francis Suspension Bridge, built inthe years 





Fig. 2. 
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1839-41, ata cost of about 33,000/., by Mr. Schnirch, 
who had built the first suspension bridge on the 
Continent in Moravia in 1824. The total length of 
the Francis Bridge is about 1510 ft.; it consists, 
however, of two independent bridges meeting in the 
middle of the river at an island (Rifleman Island.) 
Both of these bridges have a large central span of 
435 ft., and two short side spans, making six open- 
ings in all. Its construction is of the simplest kind, 
the roadway resting on wooden cross-beams, 
strengthened by iron bands; these are suspended 
from linked chains passing over granite piers. The 
chain forms an inverted arc, the height of which is 
about one-thirteenth of the chord. The bridge has 
served well for a long time, and has been often 
severely taxed by the passage of railway carriages, 
which were transported over it from Mr. Ring- 
hoffer’s works at Smichov, before the establishment 
of a suitable direct railway communication between 
these works and the different Bohemian railway 
lines. In a few years, however, this old suspension 
bridge will have to be reconstructed, as it does not 
meet the requirements of aa increasing traffic. The 

bridge is the property of a society of shareholders. 
5. The old Charles Stone Bridge, built in the 
fourteenth century, about 1630 ft. long, with sixteen 
sandstone arches of 69} ft. span.* This bridge con- 
nects the City with the Little Town, and during a 
period of 500 years it was the only bridge crossing 
* Its oe su that of Westminster =e by 
about } and that of old Blackfriars pang he | almost 50 per 
cent. A view of the western end of this bridge was hey 
in the Illustrated London News (Devember 30th, 1876). 
The illustration was, however, ae a very 
i Prague, which was stated to be a 








curious description of 
town in Germany, with one suburb, and one theatre only. 





the river, For the present amount of traflic the 
bridge is somewhat too narrow, and its crowded 
passage is far’ from being convenient, yet as a 
monument of medigval architecture it holds a high 
place among similar existing structures of the same 


age. 

6. A foot-passenger bridge, built in 1869, at a 
cost of 18,500/., to replace a a crossing the 
river at that place. It was designed by Mr. Row- 
land Ordish, and is a suspension bridge, 629 ft. 
long between abutments, and 1] ft. wide, with two 
spans of 305 ft. 6 in. each, the chains passing over 
a cast-iron tower resting on a granite pier in the 
middle of the river. ‘lhis bridge was described and 
illustrated in these pages eight years ago.* It is 
the property of a society of shareholders, and will 
remain so for a period of ninety years, when the 
bridge will become public property. 

7. The Francis Joseph Suspension Bridge, con- 
necting the New Town with Bubna, It was 
erec in the years. 1865-68, at a cost of about 
57,000/., from the designs of Messrs, Ordish and 

evre, on their well-known Pere This 
bridge very much resembles the Albert Bridge at 
Chelsea, differing from it only in having granite 
piers instead of iron columns to support the cast- 
iron towers. The length of the bridge is 815 ft. 
between abutments, there are two side spans of 
156 ft, clear width, and one central span of 481 ft. 
The main longitudinal girders have a depth of 
7 ft. 1 in., whereas the cross-beams, set 7 ft, 1 in. 
apart, are about 25 in. deep in the middle,t The 
main suspending chains are of cast steel, and 
were manufactured at the works of Messrs. Howell 
and Co,, Sheffield. The cast-iron towers rise to a 
height of about 82 ft. above the stone piers, the 

int of suspension of the chains being 66 ft. 4} in. 
Sonn the base of the tower. The total breadth 
of the bridge between main girders is 33 ft., the 
breadth of the carriage way, which is paved with 
wooden blocks set in sand and tar, and resting on. a 
wooden flooring, being 21 ft. 3 in. 

8. A stone bridge, by which the State Railway 
crosses the river between Karlin and Bubna; this 
bridge forms part of a viaduct, two-thirds of a 
mile long, which extends across the suburb of 
Karlin. ‘The bridge itself has eight openings (di- 
vided into two groups of three and five, there bein 
an island in the river) of 80 ft. 10} in. each, spanne 
by = arches of granite. 

9. ‘wo small railway bridges and one passenger 
bridge (lattice —— connecting.the suburb of 
Karlin with the d of Rohan. 

After this short review of the existing bridges, 
we turn to the description of the stone bridge, 
which is just now in course of construction. Its posi- 
tion has already been indicated, and it remains only 
to add, that it will have to convey a large traflic 
to the industrious suburb of Smichov, relieving 
materially the old suspension bridge below. A 
tramway line will pass over the bridge, and one of 
the principal water mains of the future water works 
will be laid upon it. 

The new bridge has seven spans, their clearances 
increasing from the banks to the middle of the 
river in the following manner : 


ft. in. 
First and seventh span 27.2 metres= 89 3 
Second ,, sixth ye 3 » =e 6 
Third ,, fifth » 04 , = 9 9 
Central span ... $2.0 ., =10 0 


The total length of the bridge between abut- 
ments is 228.8 metres, or 750 ft. 8 in., the breadth 
of the carriage way will be 7.75 metres = 25 ft, 5 in., 
whereas the elevated footpaths will be 6 ft. 2 in. 
wide, giving a total breadth of the bridge between 
parapets of 35 ft. 9 in. 

The arches of all the spans correspond to the same 
central angle of 68 deg. 24 min, 40 sec., so that the 
height of each arch is ~ths of the span, and as all 
the arches spring from one level, and their height 
increases with the span towards the middle of the 
river, an arched roadway is formed which rises 
from both ends to the middle with a slope of about 
lin. in 136. The thickness of the arches is 5 ft. 3 in. 
at the springing, and a little over 4 ft. at the key- 
stone. The building material is hard granite. e 
river piers are of the form indicated in Fig. 1; 
they are 13 ft. 1} in. thick at the springing of the 

es, and increase in thickness tow the base, 
where they measure 22 ft.1} in. ‘The abutments 
are 3] ft. 2 in. thick at the springing of the arches, 
and 37 ft. 83 in, at the base. 


* See ENGINEERING, vol. vii. 
+ The main and cross girders 





53. 
on en plate beams. 











wes: 





unpumesennnes 









360 





ENGINEERING. 


[May. 10, 4878. 





The river piers were founded by means of 
caissons, the chief features of which will be found 
in Figs. 2, 3, and 4. Each caisson was 64 ft. long, 
and 22 ft. 19 in. wide, oe about 53 tons. The 
working chamber had a clear height of 7 ft. 2} in., 
and was formed by iron plates ¥; in. (7 mm.) 
thick, stiffened by three angle irons ¢ ¢ ¢; the lower- 
most angle iron measuring 4 in. by 4in., the two 
upper ones 2¢in. by 2}in. The cutting edge of 
the caisson was strengthened by a strong ring | in. 
thick, 9¥io. high. To give the roof of the working 
chamber a strong support, 45 brackets 4 4 4 were 
attached to the sides of the caisson, being formed 
by ,’r in. iron plates, and 2? in. by 2} in. angle irons. 
Two flat iron bands 7s in. by 2} in., g g, gave lateral 
stiffness to the brackets, while at four places 
cross connexions a aaa were formed by bands of 
an inverted T section ( j|,). In the middle of the 
caisson the brackets were replaced by one continuous 

irder d, whose depth at the top was 19§ in. 
he roof of the working chamber was formed by an 
iron plating ; in. to }9 in. thick, strengthened by 
— ‘f f of an J section 25} in, high, and 
ormed by a central web of fy in. piates, and four 
angle irons of 2} in. by 2} in. These girders cor- 
responded to the brackets below, and were united 
by four longitudinalsiiii, Above the working 
ber the caisson was formed by rings of yy in. 
iron plates, each ring being 39% in. high, and 
stiffened by an angle iron of 2$in, by 3} in. and 
some cross-ties. ‘These rings were added during 
the sinking operation, thus —e the upper edge 
of the caisson always above water level. 

Before sinking the caisson the space between the 
brackets was built up with masonry, and after the 
caisson had been safely set on the river bottom, 
the spaces between the girders /// were filled with 
concrete, which formed the foundation to build upon. 
There were two elliptical shafts to each caisson, 
5 ft. 3in. long by 3 ft. 4in. wide. They served 
not only as a communication, but they contained 
also the mechanical dredgers, which will be described 
on a future occasion. The erection of each caisson 
took twenty-one working days, while the lowering 
was done by thirty men in the course of ten hours, 
the caisson hanging during this time on ten screws 
of 2 in. in diameter.* The total height, from which 
the caissons had to be lowered was on an average 
about 16} ft. 

The caissons were manufactured at the works of 
Mr. F, Ringhoffer, Smichov, and served their pur- 

ewell. In sinking one of the caissons an interest- 
ing incident took place. When the caisson had 
reached a depth of about 6 metres = 19} ft. below 
water level, having been sunk through 4 metres, or 
18 ft. of sand and gravel, it was held —— by an 
overpressure in the working chamber of about 84 lb. 
per square inch during a period of fifteen minutes, in 
such a way that even a board could be easily intro- 
duced below the cutting edge of the caisson without 
being injured. The total weight of the caisson, to- 
gether with the shafts, dredgers, &c., and with four 
courses of masonry above the roof of the working 
chamber, amoun to nearly 900 tons (916,130 kilo- 
grammes), whereas the pressure of the air in the 
working chamber, acting upwards, was only 627 tons 
(638,000 kilogrammes). ‘The difference of 273 tons 
is to be considered as the amount of friction to 
which the caisson was subjected at a depth of about 
4 metres of sand and gravel. If we suppose that 
the thoroughly water-logged gravel was pressed to 
the sides of the caisson with a force equal to the 
water pressure at that depth, viz., to an average 


head of water of 2 + = 4 metres, or, with a force 


of, say, 6 Ib. to the square inch, equal to of a ton 
to the square foot, we can calculate approximately 
the pressure exerted by the gravel on, and nor- 
mally to, the surface of the caisson. The circum- 
ference of the caisson being 45.814 metres, and the 
height of the surface exposed to the gravel 4 metres, 
the surface in question had an area of 183.256 
square metres, or 1973 square feet. The total pres- 
sure, according to our supposition, was therefore : 
P= # X 1973, or, say, 74 tons. 
Comparing this pressure with the amount of 
friction (273 tons), we find the coefficient of fric- 
: 273 
tion equal to = 
samen ( 
proximating that given by Morin for the friction 
* The weight to be lowered was, together with the ma. 
n the brackets, about 164 tons, or rather more 
corresponding 


sonry 
than 16 tons to each screw, to a strain of 
12,000 Ib. to the square inch. 


= 0.37, a value sufficiently ap- 








of wrought iron on limestone, to- warrant -the 
acceptance of our supposition, that the gravel was 
pressed to the surface of the caisson with a force 
approximating the water-pressure at the correspond- 
ing depth. The actual pressure will be, perhaps, 
somewhat below that value, as the internal friction 
of the mass of gravel does not allow the gravel to 
be pressed freely to the caisson. 

hen the piers had been finished, the arches 
were built in simultaneously on centerings mounted 
on cylindrical wooden blocks, which were inserted 
into wrought-iron cylinders, filled partly with sand. 
On the 8th of November last, all centerings were 
lowered by letting the sand out of these cylinders, 
after which the arches settled in the following 


way: 
Radek 1h. TH HL WV. Y¥. Vi. Vil. 
Set in milleme- 
tres... ..28 4 48 59 32 39 27 
Set in sixteenths 


ofaninch...17 25 27 37 20 2% 17 
The spans of the arches being different, these 
results are not directly comparable, but a short 
calculation will convey a somewhat more clear idea 
of the behaviour of the arches, 
Let @ be the span A C of an arch ABC, 4 its 
height, then its length will be : 


1 h h 
b=2a iit *| are tg. ( 2*) ws 
As in the arches referred to the value < is (ori- 


ginally) 2 the length of the arches will be : 


rose fi 8,2 4) _ 
I 2a ist) sete. (5) = 1.00266 «. 
Sagpeung now that, after settling, the span does 
not change, and that the amount of set is 3, so that 
the height of the arch will be 4,=a—§, the length 
can be found from the formula : 


1 = Be [ crt =e) ] arc tg. (s) - @) 


Calculating now from (1) and (2) the lenghs /, 
and /, we find the shortening of the arch in pro- 
portion to its length : 


A= en uy 
If this is done, the following values are found : 
Necfesch .. I. . IV. V. Vi. Vil. 


Average com- 


ression of arch 
ae ae se foe 1.081 1.050 1.366 0.765 1.005 0.737 


m. of length. 

This Table shows that the average compression 
varied from } to 1 millemetre in one metre of length, 
being at the rate of about } in. or jin. in ten yards. 
Reducing the compression according to the number 
of joints in each arch, an average compression of 
} to 1 millemetre in each joint results, This calcu- 
ation is, of course, only an approximate one, as 
the supposition that the span does not alter is not, 
perhaps, quite correct, nor will the form of the 
arch, after settling, be strictly that of an arc of a 
circle, yet for a rough comparison of the results ob- 
tained, it is of sufficient exactness, 

As to the bridge itself there remain only some 
final remarks. It will be paved with granite blocks 
of about 6} in., one square yard of this pavement 
costing about 2s, 3d. On the _—o over the 
river piers the arms of some Bohemian towns, 
situated on the borders of the Moldau and Elbe, 
will be shown, and at both ends of the bridge small 
hexagonal piers will be erected with flat roofs 
to serve as pedestals for suitable groups to be placed 
on them at some future time. 

The bridge was designed by Mr. Reiter, one of 
the city engineers; and the work is executed by the 
contractors, Messrs. Klein, Schmoll, and Giirtner, of 
Vienna, who have undertaken to finish it in the 
course of three years, this period terminating in De- 
cember, 1878. The cost of the structure will be 
about 100,000/., being at the rate of 400/. to the 
yard of length, or, ing into account the breadth 
of the bridge, at the rate of 33/. to the square yard 
of surface. 





AMERICAN CHAIN CaBLES.—The American Chain Cable 
Works at Troy, New Yerk, are ing 270 fathoms of 
ty in. chain for a vessel now building at Philadelphia. The 
i of this chain weigh nearly 30 lbs, each, and each shot 
of 15 fathoms is tested to a strain of 85 tons. The same 
works are building the cables for two Brazilian 
steamers now in course of construction by Messrs. J. 
Roach, and Sons, of Chester, Pennsylvania—360 fathoms 
for the two. The works are supplied with power to test 
by a strain of 103 tons. 





CANADIAN RAILWAYS.—No. IV. 

Tue INTERCOLONIAL RaiLway — (continued). 

LeavinG Liverpool on a Thursday, and Moville in 
the North of and on a Friday, the traveller on 
one of the Montreal Ocean Steam Company's mag- 
nificent boats may expect on the following Friday 
evening or Saturday morning to arrive in Quebec 
in summer or in Halifax in winter, As the vessel 
slowly steams up this latter harbour, “La Baie 
Saine” of the old French ‘pilots, there are three 
prominent objects noticeable at the upper end of the 
city, and somewhat to the right as the vessel wheels 
into the Cunard Dock, Stretching for nearly half 
a mile along the water’s edge lies the dockyard, 
generally with two or three men-of-war at the wharf 
or in the stream opposite, and enclosed by a long 
high wall, at the back, are the usual buildings, 
storehouses, offices, repairing shops, hospital, and 
other requirements of a fleet, for this is the 
head-quarters of the North American Squadron, 
with from twenty to thirty vessels on the station. 
Half a mile back of this, and near the summit of 
the hill, are two long ranges of brick buildings, 
with military surroundings, and a large drill ground 
in front, which constitute the Wellington Barracks. 
Midway between the two, and with its buildings 
parallel to the others, half way up the slope of the 
hill is the handsome new railway station, with its 
imposing pressed-brick office buildings in front, and 
the long iron roof over the departure and arrival 
platforms in the rear. Situated between the streets 
which bounded the properties of the Naval and 
Military Departments, was a long triangular strip 
of land, fronting on the old north boundary of the 
city, called thence North-street, and on this piece 
of ground has been recently erected the convenient 
and commodious terminus of the Intercolonial Rail- 
way, a building that will satisfactorily compare with 
anything of the kind on either side of the Atlantic. 
Leaving this last addition to the conveniences of the 
railway, completed on the 9th of August last, in 
about a mile the train passes by the former terminus 
at Richmond, which is now the Camden Town of 
this Canadian North-Western. Here the goods 
trains are marshalled and started; the wharves 
where the interchange between the railway and the 
vessels takes place are situated; the long, low shed 
where the through Canadian goods by the Allan 
steamers are received and despatched, and where the 
Great Eastern could be moored as easily as a canal 
boat. Further on the repairing shops for the cars, 
the roundhouse for the engines, two long ranges of 
coal drops for shipping coals that have arrived by 
the railway, and the usual appliances of a large 
goods station are found, sufficient for such a depét 
as it is hoped before long that this will be. Already 
four miles of sidings have been called into requisi- 
tion, and the names on the cars in the long ranges 
give some faint idea of the length to which these 
bright steel rails already lead—Great Western of 
Canada ; Michigan Central; Canada Southern ; 
Chicago, Burlington, and Quincy;” or Atchison, 
Topeka, and Santa Fé; not one of them less than 
10U0 miies, some 2000 miles, and the last 3000 miles 
from its destination. For the next eight miles the 
railway skirts the harbour, but improvements are 
only slowly bringing into commercial activity this 
magnificent sheet of water, and of the thirty miles of 
available frontage that Halifax harbour boasts, the 
greater part still remains as nature made it in its wild 
rocky grandeur. The beautifulis not yet spoiled to 
make way for the practical, and there are still some 
charming dells and lovely sylvan scenes, where the 
wild alders and young firs have it all to themselves, 
and the old metamorphic rocks are piled up in 
rugged confusion. In one of these pretty nooks a 
rustic bridge over the railway leads to a summer 
house perched on a rock and overlooking a wide 
stretch of the beautifal Bedford Basin. This is all 
that now remains of the Prince’s Lodge, the resi- 
dence of the late Duke of Kent, Her Majesty’s 
father, whose memory is endeared to the Haligo- 
nians, and who whilst in command of the troops at 
this garrison was extremely and deservedly ee geew 
Leaving Bedford at the head of the Halifax har- 
bour and crossing the Sackville river on a high 
wrought-iron viaduct, the line runs for twenty miles 
over a wild unsettled and perhaps unimprovable 
country, where rocks and lakes are the prominent 
features of the landscape. In the worst portion of 
this desolate region, thirteen miles from Halifax, the 
Windsor branch turns off between two large lakes 
to the left, and on the right just discernible in the 
distance are the miners’ houses and crushing mills 
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of the Waverley gold mines, This was the first 
discovery of auriferous quartz, and here mining and 
crushing on a practicable scale was first introduced 
- into this part of the world. For some time these 
mines produced one-third of the total gold yield in 
Nova Scotia, but for some reason gold mining has 
fallen off in nearly all the districts, and especially 
at Waverley. In 1865 these mines produced 
14,400 oz. of gold, in 1876 only 1540 oz. But gold 
is still an important industry, and although in this 
country there are no washings and nuggets, no 
bonanzas and “ big strikes,” there is a steady pro- 
fitable business to be made of quartz crushing, and 
a fair return to be got for the capital and time ex- 
pended. In fourteen years to 1876, 254,411 oz. 
of gold had, been returned to the Bureau of Mines, as 
the produce of the different workings, and since that 
department was established in 1862, over a million 
sterling of gold has been extracted from the quartz 
rocks of Nova Scotia. Leaving this gold district 
and another a few miles further on, a rich farming 
country is crossed which carries the railway to 
Truro, 6] miles from Halifax, the first place of any 
importance. Here the Pictou Railway turns off 
to the Gulf shore and Prince Edward’s Island, the 
long string of coal wagons sufficiently indicating the 
principal trade of the district from which it derives 
its traffic. Turning sharply to the left and crossing 
some fine iron bridges, the line now rises rapidly 
towards the Lobequid Mountains, as they are rather 
ostentatiously denominated. Near the summitis a 
fine iron bridge with six spans of 100 ft. and 82 ft. 
high over the Folly river, and beyond this is the 
Londonderry Railway leading to the iron works 
and village of the same name. The iron and steel 
works are situated three miles down this branch, 
and the minerals, a fine kidney hematite, are brought 
in by another branch passed a few miles below 
coming in at Debert station. The hematite, after 
smelting, is converted into steel by the Siemens 
process, Doctor Siemens himself being the prin- 
cipal proprietor in the works. The fuel used is 
coke from the Albion mines on the Pictou Railway, 
and besides pig iron and steel, the company have a 
large trade in car wheels, which in Canada are 
almost exclusively cast iron in preference to either 
wrought iron or steel. 

Forty miles beyond this the railway strikes an- 
other coal district, and the Painsboro Railway bring 
down no inconsiderable traffic to the Springhill 
Junction. The extent of this mining area, 
and its connexion with the Pictou coalfields, if 
any, has not yet been determined. The main seam at 
the Albion mine near New Glasgow is over 30 ft. 
thick, at Springhill there are are two veins 11 ft. 
and 13 ft. thick, and it has been suggested that this 
is the Albion seam split in two, and separated by 
intrusive shales, but excepting a certain similarity in 
the quality of the coal, everything else is different. 
The dip of the mines at Springhill is much more 
inclined than at New Glasgow, one dips north and 
the other nearly south, and they are as the crow 
flies nearly 80 miles asunder, so that in all probability 
they are entirely distinct coalfields. It may give 
some idea of the future if not present importance of 
these coal deposits to state that there are already 
thirty collieries in operation in Nova Scotia, some of 
them with machinery equal in capacity to anything 
in Great Britain ; that 2000 square miles are known 
to cover workable seams ; that the coal beds known 
at the Acadia mines for instance are 72 ft. in aggre- 
gate thickness, and that the main seam at Albion or 
the two at Springhill will market over 20,000.000 tons 
per square mile. As according to some authorities 
the stock of coal in England is so soon to be exhausted, 
it may afford some comfort to know that there 
is sufficient at this end of the trip for all the ocean 
steamers for a long time to come, and that in the 
new Great West enormous deposits of coal far exceed- 
ing this Nova Scotia supply, crop out in scores of 
places and over very extensive areas, 

Ten miles further the railway comes on to a third 
coal district, the Joggins, unlike either of the others, 
with an immense number of seams, but many of them 
too thin for profitable working. At Ambherst, half- 
way between Halifax and St. John, and 138 miles 
from either, the rich pasture lands of the marshes 
are passed over by the railway which runs for some 
miles over fertile meadows dyked out from the sea 
by its former French masters, and where the natural 
fecundity of the soil is such that although these 
marshes have been under crop from a period long 
anterior to British possession, its fertility seems to 
remain unimpaired, and although never manured or 
laid fallow, its food-raising ability is the same as 





when first reclaimed from the salt water. At Missi- 
quash, the first river beyond Amherst, the line 
crosses the boundary between Nova Scotia and New 
Brunswick, a division which it is to be hoped will 
shortly be dispensed with when the maritime union 
of the three lower provinces becomes law. On these 
marshes many a well-fought battle has never had its 
history fully written, and many an episode of bold 
daring and unrequited loyalty, had its day of brief 

lory and lasting oblivion round the crumbling 
ortifications of old Fort Cumberland, under the 
slopes of which this crooked — of railway now 
conducts us. Passing Sackville, whose educational 
establishments look from the carriage windows 
quite as imposing as they really are, and Dor- 
chester, where the great central prison for these 
lower provinces is now being built, we come 
to Painsec Junction on the old Provincial Rail- 
way from St. John to Shediac. No doubt the poor 
Frenchman who here sought in vain for something 
in addition to his ‘‘ dry bread,” gave this inhospitable 
place a most appropriate name, deeply sympathised 
with by many a poor hungry wanderer who has 
tracked these woods since his day. Kight miles 
further along the older railway we reach Moncton, 
the central station where trains are re-arranged and 
interchanges made, the Crewe of this Transatlantic 
thoroughfare. ‘This place, 187 miles from Halifax 
and 89 from St. John, figured in the earlier history of 
the country as the Bend of the Petitcodiac, the “little 
elbow” being in fact this place, where the river after 
flowing east alongside the railway from St. John, 
suddenly bends south, and disgorges its turbid waters 
into the Bay of Fundy. The river here is a little 
over half a mile wide, but twenty miles lower down 
near its mouth it is over two miles wide, and into this 
great funnel the tide of the bay rushes with a force 
and velocity but little known elsewhere, a solid 
breast of muddy water 10 ft. or 12 ft. high rushing 
over, crushing down, submerging all obstructions, 
and ultimately rising from low water to the unpre- 
cedented height of 73 ft. to the top of high tide, 
At this establishment are situated the workshops 
where the locomotives are repaired and the cars 
built. Most of the passenger coaches in use on the 
line were constructed here, and their excellent work- 
manship and finish are equal to anything produced 
elsewhere. There isa good refreshment room at 
the station, and the trains from St. John and Halifax 
are so timed as to meet here, and proceed on their 
north journey together. 

From Moncton towards the north, there is one 
straight run through the woods of sixty miles, 
without house or road, or incident to remark until 
the Miramichi and its bridges are reached. This is 
a large river, and was at one time the seat of as much 
business and export. as any place in Canada. The 
Cunard family (long before their name was known 
in connexion with steamboats) did a large business 
here in shipbuilding and the export of sawn timber, 
called universally in America ‘‘ lumbering,” and on 
either side of the river other firms had their saw- 
mills and establishments, from which as a centre 
were controlled all the operations in cutting and pro- 
curing the timber, over an area of more than 
4000 square miles of forest unwatered by the 
Miramichi and its branches, In 1825, however, all 
this great machinery was suddenly destroyed. A 
fire, originating in the woods of the St. John Valley, 
100 miles to the westward, swept in one broad belt 
of flame, 20 miles wide, with the speed of .a race- 
horse across this doomed district. In six hours after 
setting fire to the Government House at Frederic- 
ton, the towns of Chatham and Newcastle on the 
Miramichi with their saw-mills, shipping, and piles 
of sawn lumber were entirely destro Nothing 
could escape its fury, no speed could outrun it in 
its mad career, everything one common fate, 
and the destruction of peer and loss of life will 
never be known. Since then the business depend- 
ing principally upon the forest that had been half 
destroyed, revived very slowly, and until the period 
of the construction of the mae, neither place was 
quite back to its old position. The river is crossed 
above the*junction of its two main branches (either 
of them as large as the Thames below London 
Bridge) by two fine stone and iron bridges, each 
with six spans of 200 ft. The masonry of these 
structures has necessarily to be very massive, for 
the ice on this river is solid and heavy, and at the 
breaking up of the winter the current hurls these 
masses against the piers with a destructive energy 
that requires strong work to counteract, The super- 
structure on the contrary looks light. After a fair 
comparison of a number of tenders it was given over 





other competitors to a Philadelphia firm, who have 
erected a number of bridges on a similar principle. 
The work has stood the same tests as the other 
English spans, andit is no doubt equally strong and 
reliable. 

The next forty miles are across a dreary, unsettled 
country, with nothing to remark until the Nepisi- 
quit river is passed, and the line comes down to the 
beautiful Baie Chaleur, whose shore it follows for 
the next sixty miles. On the lst of July, 15384 Jacques 
Cartier first set his foot on American soil, some- 
where along this Baie Chaleur, and on the anniver- 
sary of that day 342 years afterwards, the com- 

letion of this section of the railway, the last link 
tween Quebec and Halifax, redeemed it from the 
isolation of centuries, and threw open its beauties to 
the admiration of every traveller. Since the first 
discovery by the French, these placid waters have 
not always been the abode of peaceful industry 
as at present. Men-of-war, both on shore and 
on the water, have met in hostile fray, and a few 
years since the form of a forgotten French frigate 
was traced out through the pellucid waters, stand- 
ing erect on the sandy bottom, as she had once faced 
her foes on the upper surface. Some guns and other 
ironwork fished up from the wreck became hot, it 
was said, when exposed to the air, after their sub- 
mersion of two centuries. 

Following as it now does the shore of a rugged and 
mountainous district, the railway as may be supposed 
had some pretty heavy works to deal with round 
these rocky headlands, and across the estuaries of 
the little-known rivers, which brawling from the 
heights of these New Brunswick highlands, find a 
rest for their trouble waters in this calm and land- 
locked bay. In one place a tunnel was necessary, 
but the bridges are the principal structures ; some of 
these are large and expensive, and all of them are 
strong and substantial. The Nepisiquit, a fine large 
romantic river, which has been taken up by a party 
of English gentleman for its salmon fishing, where 
it is not uncommon to hook a 45-pounder, is crossed 
by six spans of 100 ft. each. Jacquet river has three 
spans, and Téte-a-gauche has five of the same 
openings ; Christopher's Brook has eight spans each 
60 ft. in the clear; Eel Brook and Campbellton 
each three, whilst a great number of bridges have 
one or two spans, each of 60 ft., 80 ft., or 100 ft. 
All these rest upon stone piers and abutments of 
the heaviest masonry, and the iron girders were 
manufactured by the Fairbairn Engineering Com- 
pany, of Manchester, as were also the bulk of the 
other iron bridges in the Nova Scotia and St. Law- 
rence districts. 

Campbellton, 189 miles from River du Loup, and 
187 miles from Moncton, is the half-way station 
between these points, the place where the local 
trains for New Brunswick start, the end of the 
Quebec Division, and the commencement of that 
wild, almost unknown Gaspé district, which was 
so completely isolated before the construction of this 
railway that but very few travellers reached it, and 
few outside impressions disturbed the routine of life, 
or marked the commonplace experience of the in- 
dustrious, hardy, and generally prosperous in- 
habitants. This is the head of the Baie Chaleur, 
the mouth of the great River Restigouche, which 
drains the north of New Brunswick, and two-thirds 
of the district between its north boundary and the 
St, Lawrence. Following the river for twelve miles 
under the impending wall of rock, which marks the 
extremity of one span of the great Alleghenies, as 
the backbone of the Gaspé district which we have 
now to surmount forms another, the line crosses 
the Restigouche by a bridge 1000 ft. between the 
abutments, similar in to the two over the 

iramichi, but with five spans only, and crossing 
the river obliquely, requiring considerably more 
masonry in its construction, and more difficulty in 
securing proper foundations in the turbulent river 
in which its piers had to be deep sunk to resist the 
tremendous floods to which it is liable. 

The Restigouche is the boundary between New 
Brunswick and the old Province of Lower Canada, 
now called Quebec, and divided by the river ; every 
thing } is as pena as 4 pay Nar and na- 
tionality; eit, nor are the races thus separated 
quite liks those of the same origin as we see them 
elsewhere to-day. Onthe NewBrunswick side, the 

le are Scotch Presbyterians, but they are more 
Mortality” than of Glasgow and Edlaburgh ; on the 
or ° urgh ; on 
north side of the river they are the ‘Catholic 
habitants of old France, not the men who throw u 
the cap of liberty in Paris or Lyons, but the dmigrde 
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of the old régime, the descendants of the soldiers 
who gave a continent to France, who fought, bled, 
and died for her sake here in these North American 
wilds, and who were treated by her in return with pri- 
vation, ingratitude, and contempt. These are the 
Frenchmen that guided by the policy of a Richelieu 
lanted the fleur-de-lis on every lake and stream 
between the Restigouche and the Mississippi, that 
explored the great West, that claimed and won for 
France the thousands of leagues from Quebec to | 
New Orleans, from Louisbourg to the Saulte Ste. | 
Marie, and that has stamped her memento in the | 
musical names that still cling to the spray-dashed 
promontory of the Atlantic, the lowly isle and 
secluded lake of the Ottawa, the muddy bayous | 
of Louisiana, or the ice-bound streams of the | 
distant Unchagah. 











THE BUILDING OF THE VILLE DE PARIS. 


We publish this week a two-page plate, as well as | 
sections on the present and opposite pages, of the building 
of the Ville de Paris’ occupying the central space in the 
Champ de Mars Exhibition. The general features and 
arrangement of this building we described on page 336 
of our last number. We shall publish details of this 
structure at a future time. 








INDIAN RAILWAY BRIDGES. 


Ar the meeting of the Institation of Civil Engineers on | 
Tuesday, the 80th of April, Mr. Bateman, President, in | 
the chair, were read descriptive of three bridges on | 
the Punja orthern State Rail way, viz., ‘‘The Ravi 
Bridge,” by Mr. R. T. Mallet, M. Inst. C.E.; “ The 
Alexandra Bridge, over the Chenab,’’ by Mr. H. Lambert ; 
and “ The Jhelum Bridge,’’ by Mr. F. M. Avern, M. Inst. 


C.E. 

The bridge over the Ravi, at Lahore, consisted of thirty- 
three spans of 90 ft. in the clear, and 97} ft. from centre 
to centre of the piers. The piers were of brickwork, each 
founded on three brick cylinders, sunk 70ft. below the 
lowest water level. Eight vertical tie-bars were built into 
the brickwork. The piers were protected from scour by 
concrete blocks thrown-round them. The girders were of 
the parallel flange type. The lattice bars formed two 
series of tri fear inclined at 45 deg. The superstructure 
was designed a footpath on the lower flange, and 
an wahelie cart pon Ab flush with the railway, on the 
top. The cross girders carrying the railway were suspended 
in stirrups from the upper Aange The first operation was 





the erection of a tem: en trestle bridge, which was 
occasionally much by floods, but was easily re- 
. It served for material trains for four . The 


icks for the foundation cylinders were of three special 
forms. The lime was slightly hydraulic, and was made of 
the kunkur of the district. mortar was composed of 

ual volumes of lime, brick-dust, and fine river sand. 
The concrete was made of broken waste brick and 42 per 
cont. of wi and rails by wre of or _ 
was effec priucipally *s dredgers. inders o! 
brick, 12} ft. in diameter, and of th» same height, were 
sunk from 10 ft. to 12 ft. ; then a similar bh was added 
and sunk; next a length of 25ft. was added, and sunk 
usually without weighting. Finally, a length of 20 ft. was 
built, completing the 70 ft., which was sunk sometimes to 
60 ft., when a load of 150 tons of rails commonly sufficed to 
complete the sinking. Among the tools used for excavati 
the material from the interior of the cylinders Fouracres 
‘*spider”’ proved efficient. Whenever. a cylinder showed a 
tendency to leave the perpendicular, it was by 
shoring from the eee ene 5 passing a chain round, 
the two ends of which were anc taut at a distance. 
Rails laid across the chain produced an efficient horizontal 
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they were carried into place by two travelling gantry cranes. 
The floating of the girders for the spans over the main 
channel of the river was accomplished by four native barges, 
on which timber staging was erected. 

The Alexandra Bridge was 9300 ft. long and 100 ft. deep. 
The first brick was laid on the 1st of November, 1871. 
The first train crossed the bridge on the 23rd of December, 
1875; and it was opened on the 27th of January, 1876. 
In floods, the Cheenab rose 11 ft. above low-water mark, 
and its width at Wuzerabad was 3i miles. The mass of the 
water did not flow rapidly ; but the main stream, corre- 
sponding to the fluctuating deep channel, rushed through 
with great velocity in a serpentine direction. This was 
often nearly at right angles to the general course of the 
river when obstacles occurred. Under these circumstances 
the bed was driven before it. The depth of the main 
current was more than 50 ft.. moving at a rate ex- 
ceeding 10 miles an hour. The ground for about half 
the space of 3} miles between the banks was composed 
of river deposit. On this a massive embankment 
had been raised, for several years, to carry the Grand 
Trunk Road as far as possible across the river bed, the 
rest of the way being over temporary bridges of boats 
at the varying channels. Dring four months a ferry 
was established. A back channel, called the Pulkoo 
Nullah, flowed for several miles parallel to the main river, 
and in high floods their united waters submerged the inter- 
vening country. The effect of the embankment was todam 
up the body of com tively still water, forming the bulk 
of the river, and to divert the swift moving diagonal current 
against the crumbling shores. Hence the Pulkoo developed 
into a deep navigable channel, 800 ft. wide. At Kuthola, 
on‘the northern shore of the Chenab, the river became 
wider by # mile. The main current set against the proposed 
site of the northern abutment of the bridge, and the deepest 
water was close under the nearly vertical bank. The Trunk 
Road was wpe & ing into the river, and a ferry had 
to be established at the Pulkoo. Thus, in the Wuzerbad 
Reach the Chenab had become wide to an abnormal extent. 
The fine sand of the bed was ascertained io be about 65 ft. 
in depth, overlying clay of moderate consistency. The 
rapid current, moving from shore to shore, was likely not 
merely to attack the bridge piers in flank, but also to 
scour the ground from uuder them. Various works were 
undertaken to improve the site of the bridge. The first was 
to close the Wuzerabad navigable channel by an embank- 
ment } mile —: A second embankment extended from 
the southern abutment of the bridge to the Pulkoo Nullah, 
to prevent the water of the river from ‘pouring into the 
Wuzerabad channel during floods. A third work deflected 
the stream at right angles to the general alignment of the 
railway in a direct ine through the bridge. fourth main 
work, being a star-shaped = trees and stones, was to 


works were executed of rough tree-spurs to catch floating 
sand, and to assist in turning the stream towards the centre 
of the river: The Chenab training works were carried out 
by September, 1872, at a cost of 4} lakhs of rupees, and 
had since been maintained at a yearly cost of 4 lakh of 
rupees. The first design for the bridge was that it should 
consist of single well piers, 12} ft. in external diameter, 
sunk 40 ft., and carrying lattice girders under the rails, 
97} ft. in length from centre to centre of the piers. But 
the high floods of the rainy season of 1871 led to the 
adoption of Power’s three-well system, and to the wells 
being sunk 70 ft. The piers were 35 ft. long, 8 ft. 8 in. thick, 
with semicircular ends, standing on similar basements 
38 ft. long, supported on diminishing arches between the 
wells. ‘Three were to be sunk 6in. apart. The abutments 
were on fifteen wells, sunk to the same depth as the piers, 
and in two rows parallel to the central line. This change 
increased the quantity of brickwork originally proposed 
five or six times. At the close of the rainy season of 1871 
the curbs of several of the piers were pitched. It was then 
determined to adopt Warren girders, and to have the rail 
level at the bottom ; also to have sixty-four spans, 142 ft. 
from centre to centre, and the bridge was thus commenced. 
The bridge over the Pulkoo back c el consisted of nine 
spans, 434 feet from centre to centre, with piers of single 
well cylinders sunk into the clay substratum underlying the 
river bed. The girders were of plate iron, carrying the rails 
on the top. On account of the great length of the Chenab 
Bridge, two passing places were a by widening 
the structure for two spans, and making it stronger. 
The remainder of the paper was occupied with an ac- 
count of the setting out of the bridge, or preparing the 
curbs for the wells, of building and sinking the wells, 
and the dredging operations, and of placing a protection of 
stones and concrete blocks round the piers. ith a view 
to assist the piers to resist side currents, no provision was 
made for the expansion of the girders in every second span, 
so that the piers were tied together in pairs by fixed bear- 
ings. During the flood season of 1873-74 a serious accident 
occurred. ng mass of protective material had been 
placed round the finished piers, presenting the appearance 
of a weir across the river; but owing to the want of suffi- 
cient weights, the work was not compieted at the newest 
wells before all were submerged. A concatenation of 
causes led to the current of the river running parallel with 
the bridge. Ultimately a deep trench was scoured out along 
the face of the bridge for more than a mile in length, result- 
ing in the ee of —_ ; iers 
toppling over from i i \ e sites of three 
+ ome blocked, so that fresh wells could not be sunk in 
same place, two of the spans of the bridge were modified 

to suit the altered circumstances. The total cost of the 
bridge, including the training works, was 65 lakhs of 





prevent the river cutting the abutments in the 
event of disaster to the up-stream works. Several subsidiary 


"Whe Jhelum Bridge was situated on the line of the Grand 
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about 5000 ft. wide. The bed 
was of sand, 15 ft. to 20 ft. my overlying a thick stratum 
of boulders and shingle. The fall of the bed was 1 ft. per 
mile, and the po pes ae discharge of the river at high 
flood was 200, cubic feet per second; the maximum 
recorded surface-velocity 5 | 8.66 ft. per second. The 
— of the bri was 4875 ft. between the abutments, 
with training works on the left bank. There were fifty 
8 of 90 ft. each, giving 40 piers and two abutments. 
the right abutment and the three contiguous piers were 
founded in a stratum of clay; all the other piers were 
founded in the boulder stratum foundations 
were brick cylinders, three in a line transverse to the 
bridge, a centre one, 12} ft. in external diameter, and two 
flanking ones, each 10 ft. in diameter. The brickwork was 
built on a substantial wrought-iron curb, to which it was 
bonded by circular flat iron rings and vertical round iron 
tie-rods. Three rings were introduced in the 32-ft. length 
of brickwork, at intervals of 10 ft., and the tie-rods, start- 
ing from the curb, went through the whole length of brick- 
work in the well. In the smaller wells there were eight 
rods, and nine in the larger wells. The rings were of flat 
iron, 3ft. broad by 7% im. thick. The brickwork of the 
smaller wells was 2 ft. thick; that of the larger wells was 
34 ft. thick. It was composed of specially made radiating 
bricks, set in mortar consisting of one Pg of stone lime, 
two parts of kunkur, and six parts of fine brick-dust, the 
whole well ground together. e wells were successfully 
sunk through artificial islands. They were filled with con- 
crete, and connected by small arches. The superstructure 
of the piers was 27} ft. long, 74 ft. wide, with semicircular 
cutwaters. They were carried up 21 ft. above low water. 
The abutments were founded on three wells, each 12} ft. in 
diameter, and were similar to the piers, but flanked with 
longitudinal wing walls. Nearly nine wells were sunk per 
month. A spur of earth and boulders, 4800 ft. in length, 
was made from the left abutment of the bridge to the high 
ground forming the left bank of the river, as a protection 
inst the river getting in rear of the bridge abutment. 
oreover, an average amount of 13,467 cubic feet of 
boulders had been thrown round each of the piers. The 
boulders formed a local supply of material ready to be 
dropped into any holes scoured out around the piers, and 
gave support to the piers to resist the overturning action 
Of the stream. The superstructure was com of a pair 
of lattice-girders, connected on the top by an upper road- 
ay of cross girders and rail bearers, covered by buckle 
and flat plates, braced on their under sides. This upper 
roadway carried the railway and two footways. There was 
a lower roadway for foot passengers and mules and ponies 
only. A detailed account was os of the girders and 
roadways, and of the erection of the girders. The total 
cost of the bridge, including the protective works, had been 
189,5021., or 281. iis. per lineal foot. 


Trank Road, the river bei: 








THE ADMIRALTY BOILER COMMITTEE. 
To THE Eprror or ENGINEERING. 

Srr,—The only point on which Mr. Rowan appears to be 
really at issue with the writer of your article is with respect 
to the amount of corrosion that is caused directly or in- 
lirectly by fatty acids. Both writers appear to agree in con- 
sidering that the fatty acid is a vera causa, but differ as to 
whether certain effects are to be ascribed to this cause. As 
these effects can in most cases be ascribed to other causes 
that are known to exist, whilst the presence of the fatty acid 
is doubtful, and as the extent of its action is quite as uncer- 
tain in those cases where its presence is proved, it is evidently 
one of those points upon the discussion of which it were 
wise not to enter. It would be a dispute on a matter of 
opinion and not upon a matter of fact. 

Mr. Rowan has evidently failed to understand the mean- 
ing of the remark in your article about the boilers in the 
Navy being sometimes allowed to be in what is equivalent 
to a chronic state of | inside. Had be been better 
acquainted with the uses to which boilers are often put in 
the Navy, as for instance for trimming the ship and being 
employed as water tanks, which the Admiralty now know 
to have been amongst the causes of the destruction of some 
of their boilers, he would not have been misled into making 
his “‘ grotesque’’ remark, but might have perceived that 
the description was not altogether inapposite. 

Mr. Rowan’s statement that inside corrosive action is 
much more rapid than that which takes place at any leak, 
is tantamount to an admission that his experience in boiler 
inspection is very limited. Should Mr. Rowan reply that 
this is a matter of opinion and not of fact, perhaps he will 
state how often he has examined in sifu a } in. or evena 
4 in. plate that has been eaten completely through in two 
years by internal corrosion in a marine boiler. 

When Mr. Rowan says that the remarks in your article 
about corrosion need revision in the _ of the further 
information supplied in his paper, he evidently sets himself 
forward as an authority on the wear and tear of steam 
boilers. Turning to his paper, we find that most of the 
light upon the subjects of incrustation and corrosion is 
borrowed from the investigations of others, and does not 
appear to have been improved by refraction through the 
medium so modestly put forward. 

Your correspondent cannot take -t amiss if his creden- 
tials are examined before accepting him as an authority. 
In a letter in ENGINEERING of October 23, 1874, Mr. Rowan 
says, ‘‘no doubt pure distilled water does dissolve iron.’’ Does 
he mean as water dissolves s ? In the Blue Book 
containing the Committee's evidence, &c., on p. 408 will 
be found Mr. Rowan’s opinions about the causes of corrosion 
in Deccember, 1874, although his evidence has theappearance 
of being in great measure an excellent and not very expen- 
sive advertisement of the patent boiler that bears his name. 
Ia reply to question 12,774, he says, “‘So many causes have 
been credited with the action (corrosive) that I am afraid it 
would be rather a piece of ihood on my part to venture 


with the subject.” Had Mr. Rowan continued in this be- 
coming strain it would have disarmed all criticism— 
unfortunately he has not. Ina letter dated December 18, 
1874, on 814 0f the Blue Book, he says, “‘ Pitting, as it 
is termed, seems to be in all cases due to galvanic action, 
nor has it ever yet been accounted for on any other hypo- 
thesis.”” In Se oa 1876, he published the paper he re- 
fers to, in which he abandons his old notions gives hi 
amended views on incrustation and corrosion. This paper 
is mainly a oe and very creditable compilation 
from the Chemical ews, and other journals, of 
the views of English and foreign chemists, who have 
nad, however, little or no practical acquaintance with 
boilers. These views are xg generally of 
little practical value, especially t incrustation, 
some of which are err and g- Some of 
the opinions on corrosion which are quoted, are, how- 
ever, of more value, as they ap to confirm Faraday’s 
opinion that the hydrochloric acid set free from the chloride 
of magnesium is the chief corrosive agent in salt water. 
They also confirm the opinion brought out in the evidence 
before the Boiler Committee that the oxygen from the air 
is one of the principal causes of corrosion in boilers where 
the iron surfaces are not protected by scale. In quoting 
his authorities on this point Mr. Rowan has omitted to 
avail himself of the interesting paper which appears in 
the eighth report of the British Association, or some 
twenty-eight years before his own was written. 

Mr. Jordan, of the Guion Line, in his evidence before 
the Committee, claims to have invented the application of 
zinc fer preventing corrosion in marine boilers, and in 
answer to question 12,229 in the Blue Book, says “‘ that the 
principal difficulty is the free oxygen that comes from the 
condenser into the boiler, forced into it by the tos 
Mr. Jordan’s evidence was given twelve days before Mr 


ose on 
ok 





Rowan’s and about 18 months before that tleman’s 
pow was read. Is this a ray of light that Mr. Rowan 
not acknowledged? Mr. Rowan will doubtless reply 


that Mr. Jordan’s way of accounting for the presence of 
the oxygen is not satisfactory. 

As to the action of fatty acids as a cause of corrosion 
in boilers it had been — ad nauseam long before 
Mr. Rowan’s paper saw the light. 


Tam, Sir, yours wy 
A Looker On. 


THE STRENGTH OF BOILER FLUE TUBES, 
To THE EDITOR oF ENGINEERING. 
Srr,—When I constructed the formula for the collapsin 
resistance of the flue tubes of boilers of the Lancashire an 
Cornish types, referred to by Mr. Wilson in your last 
number (page 327), I purposely avoided involving the 
question with the factor of the length of the flue, simply 
because, to the best of my knowledge, the length, as it is 
in ordinary boilers, does not sensibly affect the resistance 
to collapse, and I must confess that I consider the formula 
that has been deduced from the results of a few experi- 
ments on the collapsing resistance of small tubes, is of just 
as much use as a formula based on the bursting resistance 
of glass gauge-tubes would have if it were employed to 
calculate the bursting strength of a cylindrical boiler shell. 
Let us consider in what manner the collapsing resistance 
of a plain flue tube may be affected by its length. The first 
question is, whether the flue tube really is in a state of 
tension, rigidly and ~e fixed at the ends—encastré 
as the authorities call it. If it were indeed supported 
tensionally—when under steam of course—we have but to 
apply a simple formula to calculate the resistance which the 
tube can offer to radial deflection, say, at the middle of its 
length. But let us calculate, first of all, the ultimate 
strength of the tube, viewing it as a series of beams, in 
strips parallel to the axis, say, 1 in. wide from end to end, 
fixed at the ends. Each of such strips would be in the case 
of a beam of uniform section, uniformly loaded, fixed at 
both ends. The following formula is available for this 


purpose : 
3.4060 ds 








Ww 


1 

W=the breaking load uniformly distributed in tons ; b the 
breadth of the longitudinal strip ; d the depth or thickness ; 
l the span, equal to the length of the tube, all in inches ; 
s the ultimate tensile strength in tons per square inch. 
Take the pressure of steam 60lb. per square inch, the 
tensile strength equal to 90 tons ied uare inch, the thick- 
ness of the plate jin., and the length of the tube 27 ft. 
Then, by the formula, the load which would cause rupture 
would be : ; 

w=>-466x1 x (#)?X20_ 4. fon 


This breaking weight is equal to 68 lb., or to lees than } lb. 
pressure per square inch equally distributed. 

In this on ee = a resistance to 
collapse can practi nothing atall. Suppose, now 
that the length of the tube is only 3 ft., the breaking load 
equally distributed would, by the same rule, amount to 


(68 x a=) 612 lb., being at the rate of 17lb. per square 


inch. Then there is a material augmentation of strength, 
and it attests the material value of the stiffening rings 
applied to flue tubes, since it constitutes a resistance 
additional to that of a tube of indefinite length to collapse. 
In the foregoing calculation it has been assumed that the 
tube is normally in tension longitudinally. But it is much 
more probably in a state of compression, and it would only 
come into a state of tension when it is ially collapsed 
and locally strained. Herein lies the uncertainty of the 
element of length, and I considered that my position, so far 
as safety was involved, was ilable when I ignored 
the elementary length, and formulated the results of the 
f flues under steam pressure of 


notwithstanding that Mr. Wilson, in a very involved pas- 
sage of his letter, insinuates that the results of my formula 
** are likely to be productive of damage to life or limb.” 
It must be obvious from the foregoing explanations that I 
have certainly assigned a minimum power of resistance to 
collapse, since I have taken no credit for the stiffening that 
is derived from intermediate rings, and so far as I can 


his indge, Mr. Wilson himself is somewhat at sea on the same 


point. 
Allow me to refer to your account of the experiments at 
the Leeds Forge in your number for March 29th. You 
state that the plain tube failed under a pressure of 200 lb. 
per square inch. The tube was of 3-in. plate, welded at 
the seams, was 3 ft. 13 in. in diameter, and 7 ft. long. Fora 
tube made with rivetted joints of the same dimensions, the 
ultimate collapsing pressure by my formula would be : 


50,000 50,000 
—t? x —_—_—— 500 = 2 : — = 
- ( d ) arn 37.75 500) 





: 116 lb. per square inch. 

_ Now, Sir, I humbly -_ that Mr. Wilson will not con- 
sider this an exaggerated calculation for a rivetted flue 
tube. It appears to me that the respective values 200 Ib. 
and 116 lb. truthfully represent the comparative strengths 
of the two tubes. 

TI am yours faithfully, 
D. K. Cuarx. 








IRON PERMANENT WAY. 
To THE EpIToR oF ENGINEERING. 

Srr,—I am exceedingly sorry to be obliged to ask you 
once more for some of your valuablt space for a reply to 
Mr. Wood’s letter appearing in your last issue. 

I may at once say that this be the last word I have 


Mr. Wood concludes his letter by the following words : 
“Tt isa well-known fact that Mr. Hilf, as chief engineer 
of the Austrian railways, has had an ry ow pera of apply- 
ing his own system which few men have before.”’ 

ow, if this means anything, coming as it does after a 
repeated puff of Mr. Wood’s own system, it means that 
Mr. Hilf being the chief engineer of the whole of the rail- 
way system of the Austrian empire, employed by the autho- 
rity of his position his own system on the lines under his 
own management. 

I leave your readers to judge of the fairness on the part 
of a would-be rival to try and discredit in this way the 
invention of his competitor. 

But — from the question of good taste, and unfortu- 
nately for Mr. Wood’s reputation as an ascertainer of 
well- mown facts, Mr. Hilf, so far from being the chief 
engineer of the Austrian railways, was simply the chief 
engineer of the Hessian railway, before the extinction of 
that little dukedom. Mr. Wood’s geographical knowledge 
will perhaps allow him to compare the size of this defunct 
dukedom with the fact of about 1000 miles of Mr. Hilf’s 
system being now adopted. 

For Mr. Wood’s farther edification I will also inform him 
that Mr. Hilf is not, nor ever has been chief, or any other 
ew of the Austrian railways, or even of any single 

way in Austria, and that he still is at his old post at 
Wiesbaden. 

In the face of Mr. Wood’s unwarrantable and flight 
assertions, I must ask you to be good enough to publish 
the following list of railways, which, among others, are 
using Hilf’s permanent way, and not a single one of which 
belongs to the Austrian Empire: The Imperial State 
Railways of Alsace-Lorraine; the Saarbrucken Railway ; 
the Frankfurt Bebra Railway; the Nassau and Berlin- 
Nordhausen Railway ; the Hanoverian State Railway ; the 
Bavarian State Railway; the Wurtemberg State Rail- 
way ; the Hessian Ludwig State Railway ; ‘the Thuringian 
State Railway ; the Belgian State Railway, &. 

You have allowed Mr. Wood to challenge comparison 
between his and Hilf’s system. In my first letter I gave 
no reason at all for such a challenge, I only corrected some 
of Mr. Wood’s most serious misstatements with regard to 
Hilf’s permanent way, and purposely avoided any com- 


parison. 

Now, however, I will ask him two questions with regard 
to his permanent way : 

1. Does he sellemear maintain that his bent wrought-iron 
(or steel) chair, provided as it is with sharp-cornered inci- 
sions, not to say nicks, just in that place where it ought to 
be strongest, will stand the driving in of a wedge without 
breaking or unbending, or that if not breaking but un- 
bending, it will hold the rail tight and continue doing so? 
2. Does he think that the punching of four p band 
cornered square holes exactly in those two parts of each 
sleeper which have to bear the brunt of the impact of the 
trains, and of a joint area of, I should say, at the very least 
14 square inches, can be a desirable feature ? 

But is it fair to Mr. Wood, and is it fair to your readers 
to compare on‘one the side an “‘ invention’’ made by, what I 
suppose must be called a comparative outsider, probably 
in a couple of hours on his drawing board ; and on the other 
side a ‘‘system” well tried, gradually worked out and 
improved during more than ten years’ practical experience 
by a specialist, one of the oldest railway engineers im 

pe, the former . Wood’s) as yet in its proper place 
on the drawing board, the other (Mr. Hilf’s) introduced on 
a thousand miles of railroad. ‘ 
In conclusion, you will, I hope, allow me the following 
remarks. oe 4 

Some of our engin societies and institutes un- 
fortunately offer to drawing-board inventors very great 
facilities to puff under the plea of reviewing some branch 
of engineering, untried inventions of their own, and thus 
to put themselves on some sort of an ephemeral level, and 
see themselves in print on the same page with names and 

bh of tried merit and ing real consideration. 


; | to say on this question. 





collapsing resistance 0! 
Lancashire and Cornish boilers of the ordinary lengths, 





upon a definite opinion in the present state of acquaintance 


ro 
If T have been mistaken in my judgment I shall be glad 
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to eer gy to Mr. Wood as soon as some hundreds of 
miles with his bent clip chair have stood five or ten years’ 
practical use. Until then 
I remain, Sir, yours obediently, 
Henry Srmon. 
7, St. Peter’s-square, Manchester, April 30, 1878. 


BERNAY’S TWIN CYLINDER ENGINE. 
To THE EDITOR or ENGINEERING. 

S1r,—I beg leave to thank you for the excellent notice of 
my patent twin-cylinder steam engine, which appeared in 
ENGINEERING of the 3rd inst., and shall be glad if yon 
will permit me to add that the reversing device shown 
therein, and which is fitted to my Exhibition engine, is 
merely intended to give ocular proof of the great simplicity 
in detail attainable with this class of engine. The objec- 
tion to e reversing — cast - to the eprnize se 
sists in the necessity of stopping the engine by closing } 
steam valve before the reyersing handles call be tonhed 
and although that is a question only of a few seconds, the 
arrangement will not be suitable for use im all cases, Where 
therefore an engine is required to reverse quickly and 
frequently, I apply a slightly modified arrangement. It 
consists of a sliding clutch on the crankshaft, connected 
with the eccentric in such a manner as to turn the same to 
the right or to the left on being itself shifted along the 
shaft by the ordinary reversing lever. 

If you think the arrangement will interest your readers, 
I shall be happy to send an illustration of this simple re- 
versing gear. Thanking you again for the notice, 

Iam, Sir, yours very obediently, 
96, Newgate-street, May 7, 1878. J. BERNAYS. 


NOTES ON PORTABLE ENGINE DESIGN. 
To THE EDITOR OF ENGINEERING. 

Srr,—My letter on the above subject which appeared 
in your valuable journal February 15, was not, as 
““'W.M. F. R.”’ supposes, to defend the stay principle, but 
to speak of it impartially, which I then stated, and which I 
now repeat. 

I consider the last letter of your correspondent a most 
extraordinary production ; no doubt most of your readers 
interested, have found this out for themselves, but I 
will not just now particularise, except that paragraph in 
which I am stated to huve been “‘ fishing for the advantages 
of the stay principle for over a twelyemonth, and,seem to 
have caught very small fry,”’ &c. However: this may be, 
whether they have taken a week or a twelyvemonth to catch, 
these small -/ry appear to have been extremely difficult for 
““W. M. F. R.”’ tocook and afterwards to digest, if we are 
to consider his long letter occupying nearly & columns 
in your journal to be any criterion, orif not hé would seem 
to be following the Biggar-O’Donnell policy of talking 
the subject out. In reply to his remarks I will take the 
same order as before. 

1. Steam-Heated Stay and Cast-Iron Bracket.—I am 
stated to have refrained from, or failed to, point out the 
advantage gained by the use of this stay. is is quite 
correct ; I failed to do so for the simple reason that it has 
no advantage over the ordinary separate bracket or saddle, 
as the stay itself is simply a force, and i serves 
only as an ornamental hand-rail. 

2. Wrought-Iron Bracket and Dovetailed Slide.—The 
immense popularity of the engines of this construction is a 


clear proof that the arrangement is satisfactory, and the 
extra fitting and expense bestowed upon them by the: 
is fully approved and appreciated by steam users. Jt has 


become an established fact that engineers will not buy 
large engines without stays; therefore we find eight out 
of ten large engines (above 10 horse power) fitted with 
strong stays, and if so, why are they not equally applicable 
to small engines? I had not neglected to note the chief 
source of wear mentioned by ““W. M. F. R.”’ in these 
dovetail slides, viz., ‘* the vibration of the crank causing a 
rocking motion.’’ This rocking motion it is well under- 
stood affects the whole engine as one machine, i.e., when 
the crankshaft bracket is firmly stayed to cylinder, and not 
one part in particular, as he would have us to understand, 
the wear in tha slides, I therefore repeat, is nit. 

I have been informed that several large engines of this 
make have been constructed without any means of adjust- 
ment in the slides ; upon inquiry I found it to be correct, 
and having lately seen one at work can testify the slides 
to be a splendid fit, and showing no signs whatever of any 
shake or looseness. I learnt also that it had been at work 
several years, developing without distress a duty two and 
a half times the nominal at 60 1b. pressure. 

“W. M. F. RB.” agrees with me, this is the best arrange- 
ment in the market, but considers it too great a refinement 
for portable engines ; he evidently is not aware of the varied 
and somewhat extraordinary duties a portable has to 
perform, or he would wish possibly to confine its use 
entirely to rough farm work ; but let me inform him that 
those who would at the present time compete in the trade 
successfully, must build an engine which should be light in 
weight yet very strong and capable of working up 100 1b. 
per square inch ; to meet this demand the best makers have 
been obliged to strengthen their engines and introduce 
wrought iron wherever possible, at the same time efficiently 
staying the whole together. I shall myself be interested to 
know how this in¢reased strength is to be obtained in any 
romper How ons wis vs to go on adding weight to 

alre 00 vy and clums t-iron 
is or saddle? 7 propre tren ssys 
. Now here is another point. If an engineer, A, by usi 
improved and modern machine tools can produce be m4 
Jined and better fitting work, and by putting a few extra 
parts into it for strength and improved working, at the 
Same cost, as another engineer, B, who can only just put 














howling at A for giving too much value for the money. I 
need scarcely say that from his remarks upon the over 
refinem:nt of the engine now under notice, ‘‘ W. M. F. RB.” 
evently belongs to B class. - ‘ 

The view taken by him that this very valuable invention 
is am re myth, assumes the same view to be taken b 
the makers, is mee presumptuous and not at 
warranted by any published or known facts. 

3. Wrought-Iron Separate Bracket——As your corre- 
spondent agrees with me that this is a very bracket, 
my point is therefore gained, for in his first letter he con- 
demned all wrought-iron brackets, whether» ys or 
without, and this admission on his part L accept with many 
thanks. : Pa 

““W. M. F. RB.” having referred me bite 4g na 
latély*introduced by a small firm and illustrated in Enat- 
NEERING, December 1, 1876, for comparison with the 







ht-iron separate bracket, I declined 9.80, pre 
f to take as the standard cast-iron b 4 that 
proyed in practice to be the best of its }; in, reply 

e 


we are told ‘‘it is impossible for me to ¢ 
its introduction, so any further remarks, &c., 

be valueiess.”” This looks very much like shirking the ques- 
tion, but I see mo reason for so doing, and referring your 
readers back to the number of INEERING 

spoken of, we read that ‘“most.of of the 


- | it should never have been culled 


y | opinion and se’ 


the frame to take the working strains in as direct a line as 
ible.. This can only be done in oe pecteste engi 

using a strong stay from cylinder to haft bracket. 

he cy is always well bedded down to boiler, and has 
a firm connexion to it, and is a tower of strength; but this 
is unappropriated if not stayed to some weak part, for there 
are no strains created in it by the working of the piston ; on 
the other hand, we have the crankshaft brackets, the 
centres of which vary in height from 18 in. to 30 in. from 
their points of support. This shows that they must have 
a very wide base indeed to make them at all stiff; but why 
add 100 lb. to make separate brackets strong, when, by 
adding 50 lb. in the shape of stays to cylinder, less weight of 
material is used and a 50 per cent. better job made; and, 
at the same time, the excess of strength in the cylinder is 
utilised, and the engine made one continuous frame from 
end to end, thus partially relieving the boiler from a duty 
upon to perform, and in 
many cases it has been found possible to work at 100 lb. 
on the square inch, 60 1b. being the extreme limit under 
the cast-iron bracket system. In conclusion, Sir, I think if 
““W. M. F. R.”’ will confine himself to facts, past and 
present, and which are accepted as such by our leading 
agricultural engineers, and give us a little less of his own 
-assertion, his remarks would be the better 

I an, Sir, yours truly, 





parts ngi 

have been made from new patterns,” and to further prove 
that it is comparatively an untried bracket with 
some others now made, in ENGINEERING, December 11, 
1874, another engine from the same firm is illustrated with 
quite a different pattern of bracket altogether, so that if 
scarcely true, we have fortun the evidenee of your 
journal to fall back upon, which proves my former state- 
ment to be perfectly true. ¢ 








Then again, ‘“‘ I speak of the bracket as 
design,’’ andas “‘ W. M. F. RB.” has not s 
acknowledged it, as I gave him an 


further proves that not only was the bracket u 
date spoken of, but appears to be in the , 
present time, for let any one read the 


the time it was illustrated, in these words, ‘*they 
catchers cast round them just under the bearings. 


5} in. long, and the oil catchers 5 in., so that 


drops outside instead of inside. i A 
y remarks are said to contradict each 
will see. I gave 144 square inches as being | 
ing surface of the most approved saddle 
aller din. for facings or ba ry strips, 
anything for bolt facings, so that in reality 144 i 
represent the full bearing; but applying the sam 
to a pair of brackets, to which your co D 
such a great affection, I find they have ieee 
oi bearing surface, or 39 in. less than the saddle b 
these figures I again place side by side with the 
surface of the wrought-iron separate bene ob, a 
of which have 260 sq inches, and this is, distributed 
in two strips on each side,of boiler barrel ‘secured with 
rivets to it in the best parts for taking” the strains 
arising from the engine working. 


{ ” Tobe 
sure they have, but what good are they? Lads ep be 
oil jus 
doch 
i 







ats 





inches 
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Whatever may be said in connexion with thig controversy 
“Wrought iron versus Cast,” thers a? ain truths 
called facts, each of which are a ed. sup- 


positions ; to bolster up the cast-iron system we are pre- 
pared to hear some honest defence, but what abont the 
following misstatement: “‘A carefully designed saddle 
would most certainly possess more surface than 
any two wrought-iron brackets to-day.” Thig is a pure 
supposition, and will not stand looking into, for it is.a fact 
that all the wrought-iton brackets e at the present time 
have from 20 to 50 per cent. more actual bearing surface 
than any cast-iron bracket ever made, and every system 
whether portable or traction, that has a thick bracket plate 
bolted or rivetted longitudinally to the boiler side near the 
centre line, has a more scientific and firmer hold of it, 
calculated to distribute the strains over its entire length 
than the cast-iron saddle fitted on arch of boiler. 

I will pass over the comparison which it is sought to 
make between the rivetted bearing strips of wrought-iron 
bracket and a solid square base ; surely if nothing’ better is 
forthcoming than this the sooner this discussion closes the 
better. 

4. Wrought-Iron Brackets which Spring or Expand. ~- 
As this system is at the present time under a cloud, the 
best consideration that can be given to it will be to await its 
further development; this remark applies only to those 
brackets made with two thin plates set transversely to the 
boiler barrel. 

5. Rigid Stays to Cast-Iron Brackets.—Whatever draw- 
backs this arrangement may have in being too rigid it has 
the great advantage of endurance, strength, and stiffness of 
the working parts. ’ 

In the hands of the ordinary farm labourer these engines 
have kept in good repair for years, and whenever they have 
been properly looked after from the time of leaving the works 
have given no trouble; but should they get into the hands 
of a meddlesome engine driver, he lets them out here and 
tightens them up there, until everything is out of joint ; this 
would be the case in the instance which “‘ W. M.F. R.”’ 
mertions. The general opinion is that it is not a stay of the 
first class, neither is it a stay of the future, but as having 
done good service for fifteen years it stands unrivalled. 


only one that can be said to be first-class, and which can be 
supplied to allengines, large orsmall. This is the wrought- 
iron bracket with sliding carriage connected to cylinder by 
solid stays. ‘‘W. M. F. BR.” agrees with myself that this is 
the best arrangement yet produced, so that it is only a 
question of other makers producing systems of equal merit, 
and surmounting the difficulties now being encountered in 
certain quarters to place the stay and expanding principle 
on a sure and enduring basis. 





an ordinary engine together without these appliances, wh 
i course the consequence is A secures the best markets for 
machinery, B is obliged to {pass the productions 


upon ignorant 


farmers and others, and B is continually ' horizontal 


ey 
Bray 


Out of five systems of construction we appear to have | Charl 


appr 
ALBERT VICTOR. 
P.S.—I shall feel obliged if ‘‘ W. M. F. RB.” will reply to 
the last paragraph contained in my letter published Feb. 15. 


NOTES FROM THE SOUTH-WEST. 

Coal for the Great Western.—On Saturday Lady Gooch, 
accompanied by Sir Daniel Gooch, chairman of the Great 
Western Railway Company, in the presence of a numerous 
party, cut the first sod of two new collieries at Blaenavon, 
afew miles from Maesteg, from which it is intended that 
the company shall obtain the steam coal required for the 
whole of their locomotive engines. The company have ac- 
quired many miles of mineral property in the district, and 
in the course of three or four years an entirely new and 
largely populated district will be opened up, as some 2000 
or 3000 men will be employed at the new works. It is 
expected, however, that about four years will elapse before 
any out-put of steam coal will e place, although the 
work will be carried on with the — despatch. Al- 
ready some of the machinery is on the ground, and a good _ 
deal of the peony work has been accomplished. The 
shafts will be 15 ft. wide inside the masonry. A pit will 
be sunk on each side of the valley, which is near the source 
of the Avon; these pits will ultimately be made to meet 
und. The river and the railway will be arched 
over, and the space between the two hills thus rendered 
available will be used as a tipping ground. 


The London and North-Western in Wales. —On Wednes- 
= 4 the Abersychan extension of the London and North- 

estern Railway, which covers a distance of four miles 
from Blaenavon to Talywain, was opened for passenger and 
mineral traftic, ving been duly inspected and ap- 
proved by one of Her Majesty’s inspectors. The new line, 
which has been about four years in formation, opens up 
direct communication between Abersychan and Brynmawr, 
Ebbw Vale, Tredegar, Dowlais, Merthyr, Rhymney, Car- 
diff 5 a at gy Hereford, Shrewsbury, Chester, Liver- 
pool, Machester, &0., and the North. 


THE pep ap naive oF A ro Sapeinente ah, = 
meeting o: Society on » May 7th, Mr. J. F. 
, F.B.S., President, in the chair, it was announced 
that the Council had transferred Messrs. Thornton 
Andrews, Charles Ormsby Barge. Henry Percy Boulnois 
Charles Copland, Frederick Eliot Duckham, Richard 
Gervase Elwes, Richard Hodson, Henry George Clopper 
Ketchum, John Lawson, John Bower 4 William 
M borough, Frank Morris, Thomas Newbigging, 
Rupert Tuberville Smith, and Arthur Henry W: 
from the class of associates to that of members ; and bad 
admitted Messrs. Charles Henry Ashforth, Arthur Horatio 
Brothers, Alfred Alexander Begnigno Chester, Frederick 
Richard Clapham, James Gillespie Clow, John Charles 
les Arthur Lovegrove, Percy aeecmley ar nal 
aylor, 








Lang, Char! 
Smart, James Hardy Southern, James Naaman 
and Maurice Fitzgerald Wilson as students. The monthly 
ballot resulted in the election of twenty-seven candidates, 
viz., Messrs. John Henry Bostock, engi to the Har- 
bour Commissioners of Fraserburgh ; i h Mellor Brad- 
ford, London and North-Western iway, Swansea ; 
Henry Arthur Dibbin, London and North-Western Rail- 
way, Euston; John Hingston Fox, late resident engineer 
at the Bristol Joint Station ; Arnold Lupton, engineer and 
manager to the Bettisfield Colliery Company ; Henry Rofe, 
resident engineerto the Nottingham Water Company ; and 
George Lenton Roff, engineer to the Danube and Black 
Sea ilway and Kustendjie Harbour Oompany, as 
members; and Messrs. Edwin Addenbrooke, gas ex- 
aminer for the Commercial Gas Company’s District ; Alfred 
Allen, Jun., surveyor to the St. Luke’s Vestry; Frank 
Baker, Sheffield Water Compahy; John B 
engineer and r of the hborough Gas 
— Procter Carless, Stud. Inst. C.K., Assist. Eng., 
P.W.D., Madras ; George Burton Chadwick, late of the 
Cape Government Ra‘lways; George Henry Crowther, 
Huddersfield ; Geo orkman Dickson, Newbury ; 
es Arthur Friend, Stud. Inst. C.E., resi 
and Dock-Master to the St. Thomas (W.I.) Dock Company ; 
William Greenwood, Birmingham ; Arthur William Lawder, 
Ex-Eng., P.W.D., India; William Nicholl, Calentta ; 
i John Gifford Read, Stud. Inst. C.E., Stratford ; 
Henry Joseph Richard, Ex.-Eng., P.W.D., India ; Arthur 
Hill Rowan, Westminster ; bart Weiss, 
Stud Inst, Ci, Aosint. Ung. PWD. India Bonjermin 
“ . C.E, > , P.W.-D., ; 
Frederick Wright, Loco. i 


orks ; 





Tn all practice of the age 3 day—take the 


engineering 
engine for example—the aim practice is for 





Rys. of Japan ; 
Digby Wybrow, 
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RADIAL DRILLING MACHINE AT THE PARIS EXHIBITION. 
CONSTRUCTED BY MESSRS. SHARP, STEWART, AND CO., ENGINEERS, MANCHESTER. 


We give above an engraving of another of the 
series of machine tools, specially designed for the execu- 
tion of work connected with the repairs of locomotives, 
which is exhibited at Paris by Messrs. Sharp, Stewart, 
and Co., of Manchester. The machine in question is a 
double-geared independent radial drilling and boring 
machine, and it is of very good design. As will be seen 
from our engraving the machine is provided with a pro- 
longed base-plate which carries the main standard and 
outer bearing for the double gear, and which is also 
planed to receive large articles. The table is movable, 
and is, when required, mounted on the base-plate, as 
shown, so that small objects may be readily and accurately 
set and fixed to it. The table, it will be noticed, forms a 
handy cupboard for drills, &. 

The radial arm which carries the drill spindle swings 
through an are of 280 deg., while radially the spindle can 
be adjusted from a radius of 2 ft. 7 in. to one of 6 ft. 
The shifting of the spindle carriage on the radial arm is 
effected, it will be noticed, by a handwheel close to the 
spindle itself, so that the man in charge of the machine 
can make the adjustment while keeping his eye on the 
drill. The radial arm is also adjustable vertically by 
either hand or power, so as to enable the machine to take 
in objects from 4 ft, to 6 ft. in height. The workmanship 
of the machine is excellent. 








NOMINAL HORSE POWER. 
Srn,—The, principal object T bad in view when writing 
R,— in view w wri 
to you in Feboeary nes, was to call attention to, and dis- 
cussion wu the question of abate howe saver as it at 


resent . to what anybody, somebody, or 
id in designing or i quae tn yeas age, whieh 


must be t the date the engines were designed 
from which your "P » Mr. be cy Fo gaherd 
diagrams you publish. marine such a 

goes a long way back into antiquity, and Seas who tent 








‘oi » 





satisfied with what they did at such a remote period, who 
are not anxious for improvement, who boast that diagrams 
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taken from engines of such a type, and are bad to beat 


at the present time, must be a species of engineering Rip 
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BimBACLT 
ew 


| Van Winkles; for most of the men belonging to the 


profession that I know seem to have some invisible power 
urging them on to a higher and better practice. They are 
like the restless character described p Engéne Sue, if 
they stop and think this is perfection, then is the invisible 
warning heard, “‘ Go on, go on! —No rest, go on!” 

With all respect to your correspondent’s formula and 


; diagrams, I think they show very poor results, from the 


big horses employed, and his own figures indicate, when 
examined, that my objection—viz., that any mere formula 
D?+d? x stroke + by a constant, without regard to the 
speed of piston and indicated horse power, will never give 
a satisfactory mn | which to buy and sell—is valid, as 
illustrations given below demonstrate. 

I fail to see by the diagrams you illustrate the force of 
your correspondent’s statement, that engines made to the 
proportions I named are too s: to maintain their indi- 
cated power in general work at sea. If the engines and 
boilers are a first class job to begin with, and all marine 
engines should be so if the boilers are capable to maintain 
a constant and uniform initial pressure throughout the 
e, and as pressure is the source of power, why 
should there be any material reduction in the indicated 
power at sea, with competent engineers on board and in ordi- 
| general work? 

we are to take the powers given by Mr. Wilcox as an 
illustration of what is bad to beat and compare them with 
the powers given in the following Table from other engines, 
I think his are hardly up to the mark, and want a little 
more of the yer Be | horse instilled into them to keep 
up their staying powers ; for instance, take one of his 130 
horse power engines which should indicate with great ease 
650 horse power, but only shows 465 horse power, or his 
27 in. and 50 in. cylinders by 33 in. stroke indicating 421 
horse power ; whereas the Table shows an engine 274 in. 
and 50 in. by 30in. stroke indicating 654.9 horse power, 
and this is not exceptional in my experience. _ 3 

Perhaps Mr. Wilcox is right, from his point of view, 
when he says that shipowners and companies have a bad 
habit of overrating their nominal horse power. May I say, 
that in yey he at least underrates them; my ex- 
perience is, that shipowners, while paying the makers for 

















May 10, 1878.] 





ENGINEERING. 


367 





the least quantity, take credit to themselves as did the 
buyers of old, by saying, ‘It is naught, it is naught,” and 
then to save the expense in wages of a first-class certificated 
engineer, register their engines under 100 nominal horse 
power, but when they offer to sell, then their engines come 
under another denomination, so that the big diameters 
become a useful factor to manipulate with, and no one who 
knows his business gives any credence to the particulars 
found in registers. It suits shipbrokers and others, whose 
consciences are generally made of an expansible material. 


Fig.3. E 
8,8 % 














cent. more power than others, is’ placed upon the same 
level as those who manufacture so much material into the 
shape a of marine engine, giving plenty of it in the form of 
big diameters of cylinders but small horses. 

low I have wn up a Table, working out every 
example of the diagrams (I also enclose) to the formula given 
by Mr. Wilcox to show the incongruities of such a formula 
as D*+ d?x ’y stroke, or any other formula which does not 
take into account the speed of piston and indicated horse 
power to determine the mercantile value of horse power. 


Fig. 5. 








tried on the measured mile loaded was 9.47 knots, so that 
she must have maintained her full indicated power during 
the whole voyage. 


I send you copies of diagrams, and the Table in groups, 
the letters refer to the same steamers in both for > 
Of course I do not expect you can or will publish the whole 


of the indicator cards, but some of them show the present 
ractice of the best builders on the Clyde within these last 

ree years. Group No. 1 in Table is calculated from Mr. 
Wilcox’s diagrams ; No. 2 are from engines made by my- 


Fig.?. 
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Total IHP. 801 
Fig. 15. 
Bottom R 
Average Mean Pressure 42 lbs. 
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Steam 65ibs. HPC. LPC 
Vac. 26fis. Stroke 7-0" 
Rev. 25-3 = Dia™ 38 Tha’ 69 
TAP SU THP4] 
Lota THP 952 


If we could get all interests to unite upon a common 
basis as to the quantitative value of a nominal horse 
rower, viz., the actual results obtained from a given cubic 
capacity of cylinder, speed of piston, and coal consumed 

dicated horse power, then all would be benefited. 

he shipowner would not carry for years tons of useless 
weight for which he must pay through his coal bill; he 
would be able to carry the same weight in tons of profitable 
cargo every trip, the freight on which during the life of 


the ship will amount to no small sum. The engine manu- 
facturer would be encouraged to produce the most effective 
machinery, as he would be paid according to his results. 
At present the man who gives all his thought and atten- 
tion to produce engines giving from 25 per cent. to 30 per 
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Steam 66lbs. HP C. LPC. 

Vac. 28ins _ Stroke 

Rev. 96:7 Dial l8" Dia" 34" 
LHP 1b0-7TH.P172:87 
Dotal IH.P. 273:57 


In the diagrams and Table you will find the details of 
an engine made by myself in 1871, marked E, which I think 
will contrast with any given by your correspondent ; these 
were taken at sea two months the ship left Liverpool ; 
the series on the sheet shows the p’ ve es of ex- 
pansion with the link motion. You have the log of this 
steamer from her departure to her return, which shows a 
very performance. The displacement was 1600 tons, 
8 10 knots. Another diagram and particulars mark 
M refers toa steamer which left Greenock in March for 
Odessa, time 16 — hours, speed maintained 9 knots, 
displacement 2265 , and is another illustration that 
engines can maintain their indicated er at sea. The 
speed of this steamer on the same disp ent as she was 
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self in 1871-2, and merely show that even then a higher 
power was obtained from a given size than Mr. Wilcox 
contends for. Groups Nos. 3,4, and 5 are from were 
made by three first-class firms on the Clyde, and include 
the f; mail steamers afloat, also coasting passenger 
steamers, the rest are from the ordinary class of 
carrying steamers, with an example of 
modern steamer 
power at sea when deeply loaded ; 
in Table are, one on trial trip the other while at sea in 
but no screw steamer is affected in the same 
way. Table speaks for itself, but I think the two last 


columns prove that the proportions I gave are not far too 
small to indicate in general mercantile work 500 horse 
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£ 8 ies] fer} =e 2 td 2d mW the forenoon and another jd. in the afternoon. Business 
peek oS =| 3 gb Penn ee BAP ek ea ey 
a r ‘ F ‘ p - + . cash, a » . 2d. one month, 

AF > Ba S E ag as 5 = Af or zt = | closing buyers at 50s. 0jd. cash and sellers near. The 

A ) gs F 3 Fis se |; BSe | ess a5: business reported in the afternoon was done at 50s. cas 
aR: & i a8 Pi ERY fag Sam brs & 8A | and 50s. 14d. one month, at which prices the market closed 
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in .~ ~ ft. in = ar ae i neiconsl on ~ po we, day, gal prices [ayo 
; ; “a eh ’ J . per ton, the market closing wi sum under the 
4 feet) S| oe See lel eles | ae | te | se | me | gee [bie seer dei orem tl Oo 
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Group No. 1.—Engines from Mr. Wilcox’s letter. asking 49s. 10}d. cash and 50s. one month. In the 
oh aE 
| the market c with sellers at 49s. 10d. cash, an ¥ 
D 27 and “ 36 62 |a7zo jer | 25 | 994 | su | 5.71 | 898 | 157 | 1022 | one month, and buyers offering 1d. per ton fess. The 
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as slig |, 34 24 96.7 | 3868 | 68| 28 40 273.57| 6.84 | 692.4 | 101.2 | 54.71 |as against 113 for the same fime | last ; Fear. A further 
2 137.8 906.3 6.55 848 129 181.26 | quantity of pig iron was sent into store week, an e 

~~ wa vealiia Iscshass ¥.1 1 total stock with Messrs. Connal and Co. up till last Frida: 



































* Taken on trial trip. 


power, when made and worked as I know they are at the 
present time in every-day service. My proportions were 
only a suggestion to provoke discussion on this most im- 
portant question, By all means let us have a better— 
founded on facts and mt practice. ; 

For the future ma ‘ express a hope that a subject ad- 
mitted by all to be of so much commercial importance may 
b» discussed without the introduction of anything personal ? 
Mr. Wilcox is to me an utter stranger, and having replied 
to what I think is personal, I have done with it for the 
future. We have abundance of facts in to-day and every 

day’s experience and observation to occupy our thoughts 
* and pens in trying to help forward needed improvements in 
our profession. It is as useful in mechanics as in morals to 
forget the things behind and press on to those before us. 
ime is too short to allow us to fall out by the way. 
Tempéri parendum. 

Yours very 


GEORGE ” JAFFREY. 
Greenock, April 19, 1878. 





To Tue Epiror or ENGINEERING. 

S1tr,—I have been much amused with the letter = 
ing the combined funniness of Mr. Wright Wass and Mr. 
Burn, anent the above su , which was evidently devised 
to utterly crash your humble servant and his formule for 
the nomi horse power of — com <= — 
engines, but haps those gen’ en Ww iow me 
mae first that the formula : 


DxVs - 
107 
does not represent James Watt’s rule. Neither does 
** Nominal horse power==D~ x 


represeat Mr. Wilcox’s rule. ‘“‘And surely these are 
much unlike.’’* " 

As to boiler power. The majority of steam shipowners 
are quite aware that for 100 nominal horse power, practi- 
coly & eqnane fash of te bars will be required, and also 
that 1800 square feet Lome =| surface should be provided, 
and so on for any other nominal horse power. I therefore 
fear Messrs. Wass and Burn’s elaborate calculation of 
boiler power is somewhat thrown away. The shipowner, 
however, is not so well up in engine or cylinder proportions, 


hence the reason why I constructed the rale DX+ x98. 


‘* Nominal horse power= 





nominal horse power, and if I mistake not I showed 

clearly how I obtained the divisor 105, but Messrs. 
Vass and Burn are not quite so icit with to the 
** 45 per cent. loss from all causes” given in their boiler 


power calculation, do t how came by it. 
eye tt og oe et A‘ 
‘ass and Burn t responsible for the 
omission of the “8” in the last-mentionel formula, 
absence was due to a typographical error.—Ed. 5. 








* Messrs. W: : 
ts 








Group No. 5.—Bngines made by a Clyde firm from 1875 to 1878. 


t+ Taken at sea, deep laden. 


certainly shows a pressure above gauge, and I find on 
comparing several other cards taken from the same engines 
the same a occurs. I therefore infer that the 
gauge was out of o or its connecting pipe choked. The 
safety valves were loaded to 75 lb. per square inch. 

The diagram marked B' is to ascale of 36 Ib. to 1 in., and 
is so marked upon my copy of ENGINEERING of April 5th, 
and not 30 1b. to the inch as Messrs. Wass and Burn 
state. I cannot give the dimensions of Mr. Jaffery’s engine 
asked for, but should it at any time come to the mer, 
possibly Messrs. Wass and Burn will have the opportunity 
of obtaining all particulars for themselves, and thus 
be able to hold forth upon its merits or demerits with 
their usual eloquence and fluency to the always appreciative 
—_ of ~~ Yr 2 nen 

mus quite gratifying an reshing to Messrs. 
Wass and Burn’s man, pa Bem to find that they have 
really dived so far into the engineering past, as to be able 
with confidence to make the fact public that they not only 
know that James Watt hed something ito do with engineer- 
ing, but even that he was a “‘Scotchman” and “illustrious.” 

“* Chief Eugineer’s’’ remarks are far more to the point, 
but I fear he is slightly f. , and I think the best way to 
clear up the matter so far in me lies is to take one of his 
examples, and reduce stroke to 36in., keeping cylinder 
capacity the same, and then work out indicated horse 
ys? For this purpose I will take the pair with cylinders 

in. and 52in. by 57 in. stroke, and reduce stroke to 
36 in. by increasing the areas of cylinders, but keeping the 
same ratio of 4to 1. The engine of equal capacity of 
inder will be 32.7 in. and 65.4in., stroke 3 ft., and 
taking piston speed at 384 ft. minute, mean pressure in 
high pressure piston at 38 Ib., ditto in low ure piston at 
9.5 Ib., the power will be 742 horses indicated, or about 
4} times the nominal horse power as per my rule. 

Now with the engines with 26 in. and 52 in. by 57 in. 
stroke, to obtain the same power with same pressure a 
0 ey of 610 ft. —— would be required. Had not 
* Chief er”? try again, or better still furnish 
— readers with the actual’power given out by the engines 

e quotes d work, say, after being eight or ten 
days at sea, without “ horse-coupering,’’ whatever that 


may be. 
Yours truly, 
Sunderland, April 27, 1878. Frank W. WIL1cox. 





HULL AND THE CATTLE TRADE.—The Hall Corporation 
have ved to convert Edward’s Place into a fo’ 
cattle , and to connect it with the railway dock 
means of a ‘ tender of Messrs. George Jack- 
son and Son to do the work for 66841. has been accepted. 





Szwacz Works.—The Local Board of Brampton and 
Walton have decided to purchase a ae Gneiny ot lend 


pris wal heavy, ar reasons have necessi- 





night amounted to 173,897 tons, the increase for the wee 
being 1235 tons. 

Proposed Harbour at Renfrew.--On the motion of Mr. 
Simons, shipbuilder, it was resolved by the Town Council 
of Renfrew on Monday evening to advertise that the burgh 
intended borrowing to the extent of 15,0001. for the purpose 
of forming a harbour. 

Edinburgh Association of Science and Arts.—An ordi- 
nary meeting of this association was held on Monday 
night, when a highly interesting paper was read by Mr. 
A. G. Henderson, engineer, ‘‘On Scotch Malt Distilleries, 
their Economical Construction and Arrangement.”’ 

Royal Society of Edinburgh.—The eleventh ordinary 
meeting of the present session of the Royal Society of Edin- 
burgh was held on Monday night, Sir C. Wyville Thomson, 
vice-president, in the chair. Dr. R. M. Ferguson read a 

r ‘On the Indications of Molecular Action in the 
Te ephone.” Mr. Edward Sang, C-E., also gave a 
‘* sketch of the arrangement of tables of ballistic curves in 
a medium resisting as the square of the velocity, and of the 
application of these tables to gunnery.”” By means of the 
tables which he had compiled, Mr. Sang showed that there 
could be easily calculated the angle at which a ball had 
been shot from a gun, its initial velocity, its horizontal 
range, the angle of descent, the angle at which it struck 
the ground, and its terminal velocity. 


Harbour Extension at Kirkcaldy.—The report of the 
joint committee of the Harbour Commission and Town 
Council of Kirkcaldy, together with the report of Mr. 
Robertson, C.E., on the extension of the harbour, will be 
laid before the meeting of the council to be held on the 
13th inst. ; but it is not expected that any decision will be 
come to on the subject until a plebiscite of the ratepayers 
has been taken upon it. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday the attendance 
on ’Change at Middlesbrough was not so numerous as 
usual, and everybody was complaining that there was 
really no business to be done. Prices were weaker, No. 3 
Cleveland pig selling as low as 38s. 6d. per ton, and other 
qualities at rates in proportion. Writing at any great 
length on trade matters is at present simply a waste of 
paper. There is literally next to nothing to do, and 
people, like Micawber, are waiting for something turning 
up. 

The Cleveland Ironmasters’ Returns.—The official re- 
turns of the Cleveland Ironmasters’ Association show that 
there are now 164 blast furnaces in the North of England, 
only 96 of which are in operation, 68 being idle. . 

The Finished Iron Trade.—There is nothi 
port in the finished iron trade. Orders are 
get and competition continues as keen as ever. 

The Coal and Coke Trades.—All kinds of fuel are in poor 
request. Prices are weaker, and will not im until the 
iron trade is better. It is believed that “iade's there 
woul be prosperity, trade generally and getting 
petter. 
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ITTION: THE BUILDING OF THE VILLE DE PARIS. 


(For Notice, see Page 362.) 






Fig. 1. « 
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CORRUGATED FLUE TUBES. 

Tue corrugated form for boiler-flue tubes was 
atented as long ago as 1853 by M. Rémond, a 
Prenstanen mis in Birmingham. In those days 
when comparatively few furnace-tube boilers were 
made, and when but few of these worked at more 
than 30 1b, pressure, the want of strength in the flue 
tubes was not so much felt as it is now. It is, 
therefore, not yo ag: that M. Rémond designed 
his corrugated tube for the p' e of increasing 
the heating surface only, whilst the advantage of 
increased strength obtainable by using the corru- 
gated form is not even mentioned in his specifica- 
tion. Since that time the idea of corrugating fur- 
nace-tube plates has occurred to many engineers, 
both with a view to increase the efficiency and 
extent of the heating surface, as well as to increase 
the collapsing strength of the tube, and the corru- 
gated form has consequently been patented more than 
once since Rémond’s time. 

Some corrugated tubes were made in halves on a 
mould by hydraulic pressure about seven years ago. 
The difficulty of sialtin g a good job by welding or 
rivetting the two segments after they have n 
corrugated has probably prevented corrugated tubes 
made on this plan from coming into general use. 
The onl = at present to make a satisfactory 
job of the tube appears to be to make it of one 








length of plate circumferentially, to weld the longi- 
rer tel seam, and then corrugate the tube by sane 
swaging, or hydraulic pressure. In tubes about 
3ft.in diameter the requisite length can only be 
obtained by arranging the plate so that the dis- 
tressing action of the corrugating process is brought 
to bear upon it across the fibre, or in the manner 
in which the plate is least able to bear it. Even 
best Yorkshire plates, as usually made, cannot be 
expected to stand this severe test without con- 
siderable risk of failure. This is probably the 
reason why the attempts to make corrugated tube 
plates have hitherto failed, and the form of the well- 
known ‘ Bowling hoop” appears to be an outcome 
of the idea of making corrugated flue tubes. 

What was required to insure the successful 
manufacture of these tubes was a plate that would 
show an elongation across the fibre greater than 
only 50 per cent. of that along the fibre, and with 
an ultimate breaking strength crosswise more than 
only 90 per cent. of that lengthwise, which may be 
taken as the average performance of best Yorkshire 
plates. The Leeds Forge Company have apparently 
succeeded in making their plates in such a manner 
that they are able to bear with tolerable certainty 
the corrugating process after they have been welded 
into rings. Thus one advantage for the user of corru- 
gated tubes is that he is pretty sure not to be troubled 
with blisters making their appearance after the tube 
has been at work awhile, as any lamination is sure 
to be brought to light by the operation of 









omnes. 4 “ 
e great, interest taken . ineers -in the 
results of the te vecdutlyindetvakea by the | than 
Leeds Forge Company for the purpose of ascertain- 
ing the ive strengths of plain and corrugated 
tubes, shows that the time is ripe for the introduc- 
tion of a strong be, and.if the corrugated 
tube answers as well a8 if promises to do, it will be 
very extensively used, especially for marine boilers 
We purpose, therefore,’ to consider the ble 


behaviour and value of 
with respect to its strength, and secondly as to the 
alleged superiority of its heating surface compared 
with that of a plain flue. 

The great strength or stiffness of the corrugated 
tube to resist collapse is due to the arched form of 
each corrugation resisting local distortion, and 
should local distortion arise, the depth of the beam, 
regarding the distorted arc of the tube as such, due 
to the corrugation, strongly resists any further de- 
fiection, The comugatel is stronger than the plain 
tubes for the same reason that an | or T iron ring is 
so much stiffer to resist collapse than a plain ring of 
the same thickness of aml The stiffness is, of 
course, additional to that imparted by the circular 
form of the tube, which the corrugated possesses 
in common with the plain tube. 

What the actual collapsing strength of tubes = 
os of — ——_ and ne and of dif- 

erent degrees and proportions of corrugation, can 
only be determined & on iment. They are, how- 
ever, immensely stronger to resist collapse than 
plain tubes, and there does not appear to be any 
reason why they should ever be made over # in. 
thick, which will be a great advan when tubes 
as usually made at present have to be made *% in. 
thick to conform to certain rules, 

There is an opmion very widely spread and held 
by many able engineers, that by corrugating the 
tube its utility as an end-plate stay is p 
destroyed, the corrugated form being considered as 
that most favourable for allowing a “concertina 
motion,” as it is called, to take place on the pressure 
coming upon the end plates. Indeed, many go as 
far as our correspondent in his letter on page 300, 
and maintain that ‘‘ the tendency of the corrugations 
is to elongate the flue or tube under pres- 
sure.” It is also erroneously considered that when 
the external convex surface is than the 
concave surface, the pressure tends to straighten the 
tube. We shall endeavour to show that these views 
are the result of not giving sufficient attention to all 
the facts of the case. - 

In considering the effect on the corrugated surface 
of external pressure to lengthen or shorten the tube, 
we shall, for simplicity’s sake, first assume there is 
no action of the pressure in the end _— tending 
to straighten out the tube. — n a line along 
the outside of such a tube as is shown on p. 260, 
length of the corrugations measured from the points 
of contrary flexure to be the same for the convex as 
for the concave portions, then the pressure on either 
surface should be equal. Suppose the resistance 


to compression to be less than the resistance to 


extension, or, in other words, suppose the resistance 
of the sides of the convex portion to being nip 
together to be less than the resistance of the sides of 
sxsooding tes rectlenbe of is eschageian tapaiel 
i e resistance of the corrugations 

distortion, the nipping together of the convex portions 
acting through the concave portions, which still re- 
tain eth othe tend to pull the ends together, 
hence the ency of the pressure will be to shorten 
the tube, which will in this case act very efficiently 
as astay. On the other hand, should the sides of the 
concave portion tend to increase their distance apart, 
whilst the convex portion retains its shape, then the 
tendency will be to force the ends further oo in 
which case it will depend upon the amount of length- 
ening the tube will undergo, whether it can be 
regarded as being an effective stay or not. 

hould the compression of the convex portion 
and the extension of the other be equal and go on 
simultaneously, then the change of shape will be 
confined to increasing the depth of the corrugations, 
but the length of tube will not be affected. In this 
case the tube will act efficiently as a stay only as 
long as the pressure on the end plates is not suffi- 
cient to cause the concavities to flatten out. As the 
corrugation is most likely to be designed with a 
view to distress the material as little as possible, 
the convex and concave portions will be made to 
radii of the same dimension describing arcs g 
through the middle of the thickness of the plate. 
This will cause the outside surface of the convex por- 
tion to be greater than that of the concave, ta? gov 
it is probable that the resistance to crushing is less 
that to extension, it is more than probable 
that the tendency of the external pressure will 
be to shorten co; ted tubes of such shapes 
as are likely to be rather than lengthen them, 
as has been assumed, The amount of shortening can 
pose | be decided by experiment for each size of tube 
a It is, however, probable 


shape of tion. 


; | that the effect will not be perceptible under 900 lb, 
the tube in a boiler, firstly | P 


ressure. 
The degree to which the corrugation is carried out 
will affect the manner in which the pressure tends to 
affect the lengthening and sh of the tube. 
By Fre one J the radius with which the undulations 
are described without increasing the height from the 
crest to the base, the resistance to compression will 
be increased whilst the resistance to extension will 
be diminished. By in ing the ratio of the 
length of undula' to the depth we arrive at 
last at a point where the tendency of the concave 
portion to deflect under external pressure, y 
when overheated, is rather favoured than otherwise 
by the metal fore and aft of it being wae 
and not so well able to resist a pull as it would i 
straight, When the length of the arc, which the 
concave corrugation forms, greatly exceeds that of 
the local distortion, which in practice is the com- 
mencement of collapse, the corrugating will perhaps 
be worse than ess. This’ local rtion cf 
be taken roughly as having a chord of 6 in, e 
abell Coleg Geely SOD of returning to this 
subject. 


THE HUGHES TELEPHONE. 

THE eminent inventor of the well-known Hughes 
type-printer has recently made the startling dis- 
covery that certain unhomogeneous conducting sub- 
stances placed in circuit with a battery possess the 





y ney of converting sonorous vibrations into 
un 


ulatory currents of electricity, by which not 
only can notes and articulate s be transmitted 
to a distant telephone in the circuit, but 
sounds so minute as to be otherwise inaudible can 
be magnified into loud noises. Of all the marvels 
connected with telephonic electricity we have no 
hesitationin saying that Professor Hughes’sdiscovery 
of the sensitiveness of certain compound structures 
or unhomogeneous substances to ute vibrations 
is the most marvellous of all; it — up a vast 
field of philosophical inquiry, and places in the 
hands of the physicist a ctor of sounds and of 
other m ical vibrations so small as to be 
altogether unsuspected. It in fact gives to him the 
means of constructing instruments which will be to 
the ear what lenses and are to the eye, 
and at the same time as a telephonic transmitter it 
is an improvement upon Professor Bell’s telephone, 
seme louder and a But 

most extraordinary of Professor Hughes's 
discovery is the ridiculous simplicity of the 
paratus employed ; a few French nails, a few 
of hameat 


» & tube or two con' 





taining ders, & 
little sealing-wax, and a few ploces of wood, 
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and any boy can in a few minutes construct a 
transmitting telephone surpassing in sensitiveness 
the beautiful instrument of Professor Bell, which 
it does not altogether superaede, for that instrument 
is still employed by Professor Hughes as the 
receiver. 

We need hardly remind our readers that the 
sounds that are heard in a telephone are produced 
by the vibration of the metallic plate or diaphragm, 
which is set into motion by the variation of mag- 
netic intensity in the permanent magnet placed 
behind it, which variation of magnetic intensity is 
produced by a current of electricity traversing the 
coils which is itself constantly varying in intensity 
according to the motion of the diaphragm at the 
distant station. It is not the current alone that 
produces these results, but the undulatory or con- 
stantly varying nature of that current. If at the 
distant station a single cell of a voltaic battery be 
substituted for the telephone, there will be heard 
in the receiving instrument a loud tick whenever 
the circuit is either made or broken, and if this be 
repeated with high and uniform velocity, as would 
be effected by using a tuning-fork as a contact- 
breaker, a musical note will be heard in the tele- 

hone. A still simpler arrangement is to make and 

reak connexion with the battery by drawing a 
pointed wire along a file, when an unearthly screech 
is produced at the further end loud enough to be 
heard across a large room, ‘The present writer 
many months ago designed a telephone-call based 
upon this principle, in which a light spring presses 
against, the edge of a finely milled wheel ; the spring 
and wheel being placed in circuit with the line wire 
and a small battery ; a single turn of the wheel pro- 
duces a screech at the other end by which attention 
is called, no bell or second wire being required. 

If instead of breaking and making contact between 
a battery and a telephone, whereby a loud dull tick 
is produced, the resistance of the circuit or of the 
battery be suddenly changed, a sound is produced in 
the telephone, but of a different nature ; it is more 
prolonged and more variable than the simple tick, 
and it is this variation of resistance producing a 
variation of the current that is the foundation of 
Professor Hughes’s discovery. He found that if a 
wire conveying a current from a battery through a 
telephone be suddenly broken a loud tick is pro- 
duced in the telephone; but that if the wire instead of 
being suddenly snapped be subjected to a tensile 
strain so as to drag it asunder, there is heard a sort of 
preliminary murmur or grating sound before the 
actual enap takes place, and this phenomenon led him 
to go into the investigation which has led to such im- 
portant results. We have no doubt that this grating 
noise is produced by the fibres which constitute 
the metallic wire beginning to give way and dragging 
over one another, producing a variation of resistance 
somewhat analogous to the dragging a wire over the 
surface of a file, which we have before alluded to. 


Fic. I. 
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Fig. 1 represents one of Professor Hughes's ex- 
eriments, which is exceedingly interesting, and which 
illustrates in a most instructive manner what we 
believe to be the true explanation of the phenomena. 
A is a glass tube filled with a mixture of metallic 
tin and zinc, commonly known as “white silver 
powder ;” this powder is slightly compressed by two 
plugs of gas carbon inserted at the ends, to which 
are attached wires having a battery B and galvano- 
meter G in circuit. The plugs are cemented in their 
place by being covered over with ordinary sealing- 
wax. Upon grasping this tube by the two ends, and 
giving it a tensile strain by pulling the two ends in 
contrary directions, but in a line with its length, the 
galvanometer needle is deflected in one direction, 
and on pushing the ends towards one another, so as 
to put on a strain of compression, the needle of the 
galvanometer is instantly deflected in the opposite 
direction. In this case the finely divided metallic 
particles forming the contents of the tube are 
brought into more intimate connexion by compression, 
and are more separated during the operation of ex- 








tension, and thus the resistance of the circuit is 
varied, increasing the current in the first instance, 
and decreasing it in the second. If this view be 
correct the movement of the galvanometer needle in 
the reverse direction cannot be called a deflection, 
but a returning to zero, stopping at that position 
which represents the strength of the current flowing 
through its coils when the tube is being extended. 
This experiment alone would be a remarkable 
example of the marvellous sensitiveness of the tele- 
phone as a detector of minute variations of electrical 
force, for it is hardly possible to conceive the minute 
increment that takes place in the length or capacity 
of a glass tube, some 3 in. long, when extended by 
pulling with the fingers. But this sensitive tube is 
far more delicate than is shown by the last-named 
experiment, So sensitive is it that it is capable of 
taking up sonorous vibrations, and by its own vi- 
brations under their influence it transmits through 
an electric wire to a distant telephone, undulatory 
currents capable of reproducing therein all the 
sounds by which they were produced, and with even 
greater perfection than would be attained if a 
telephone were the transmitting instrument. By 
attaching one of these tubes to a small resonating 
box as shown in Fig. 2, Professor Hughes has 
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made what we have no hesitation in saying is the 
very simplest electric articulating telephone that 
has ever been produced. It consists of nothing 
more than a tube of glass filled with a powder 
whose electric conductivity can be varied by varia- 
tions of compression, wires being led from the two 
ends, and this little apparatus attached to a little 
box opened at one end, which serves as the mouth- 
piece of the instrument ; the wires are attached to a 
distant telephone of Professor Bell’s construction, 
and have a battery of three small Daniell cells in 
circuit. In the original instrument made by Pro- 
fessor Hughes the resonator consisted of a child’s 
halfpenny money-box, one end being removed, and 
the tube attached to the top by ordinary sealing- 
wax. Indeed the whole of the apparatus employed 
by Professor Hughes is of the rudest possible de- 
scription, and is an eloquent example of the fact so 
loudly proclaimed by many of the instruments in 
the late Loan Collection of Scientific Apparatus, that 
with the simplest and roughest _) ps many of 
the greatest discoveries of science have been made. 
With this simple telephone the sounds are so loud 
that it is possible to sing into one instrument and 
hear at the same time singing from a distant station 
in another. This duplex arrangement with a single 
circuit works perfectly, the one communication in 
no way interfering with the other. 

When a stick of pure vegetable carbon, such as is 
used by artists, isemployedinstead of the tube, no effect 
is produced, because of its very high resistance making 
it to all intents and purposes a perfect non-conductor, 
but by heating it to incandescence and suddenly 
plunging it into a bath of mercury, it becomes im- 
pregnated with minute particles of that metal, and 
in that state can be used almost as well as the tube 
of compound metallic powder. Similarly charcoal 
impregnated with platinum-perchloride may be used 
with advantage, whether in the form of a stick or as 
powder contained in a tube. 

Professor Hughes has been experimenting with 
various substances, but the results seem to show that 
whatever conductor is employed, it must not be 
homogeneous in its nature, so that increase or de- 
crease of pressure by producing closer or more 
distant union between its conducting particles, has 
the property of varying the strength of the current 
transmitted, giving to it an undulatory character. 
A tube containing clean lead shot will exhibit the 

henomena, but after atime, in consequence of an 
insulating oxide being formed on the.surface of each 





shot, it ceases to convey the current. Possibly by 
immersing the shot in a non-oxidising medium, 
such as naphtha, the defect might be remedied, but 
far better substances for the experiments can be 
found than shot. 

Ordinary mechanical structures which contain 
a good many joints, such as a small machine or a 
small chain made into a little heap, act almost as 
well as the substances to which we have referred. 
In these special cases the phenomena are probably 
due to the electric current having enaialt to it an 
undulatory character through being transmitted 
through a circult containing a number of what the 
telegraph engineer would call ‘ faults,” which are 
variable in their faultiness, through variations of 
pressure between the separate parts of the conduct- 
ing structure. The simplest form of such a struc- 
ture in shown in Fig. 3, in which two common 
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French nails A are fastened down to a horizontal 
board about a millimetre apart, wires X and Y are 
attached to them leading to a battery B and a tele- 
phone in such a manner that the nails form the only 
break in the circuit, which can be closed by laying 
any conducting material across them. When a 
third French nail is laid across the other two it is 
clear that (as a cylinder can only touch another 
cylinder whose axis is not parallel with it in a single 
point) the electric circuit has a very imperfect con- 
nexion at the points of contact between the nails, 
and it is to this faulty connexion that the sensitive- 
ness of this arrangement is due. Incredible as it 
may appear to those who have not seen this experi- 
ment, it is nevertheless a fact that this simple con- 
trivance is a very perfect articulating telephone, and 
words spoken or songs sung to the little French 
nail, which we may suppose dances on the other 
two to the articulation and to the tune communicated 
to it, are instantly transmitted to the receiving in- 
strument at the furtherend of the line with mar- 
vellous distinctness and power. An improved effect 
is produced by the substitution of sticks of gas- 
carbon for the nails, Professor Hughes having made 
the discovery important to makers of telegraphic 
relays and of electric clocks, that for very light con- 
tacts, carbon makes better electric connexion than 
any metallic conductors. 

In order to test the influence of pressure upon 
substances experimented on, Professor Hughes has 
employed a little clip shown in Fig. 4, in which A 
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is a small bar of brass hinged to a support C which 
is fixed to a little board ; the substance to be tested 
is placed between the jaws at D, and pressure can 
be increased or diminished by placing small weights 
on the bar A on one side or other of its pivotted 
centre, The bar is attached through C to the 
battery B, and the lower jaw is connected jwith 
the telephone and battery by the wires X and 
Y. Im all these experiments Professor Hughes 
uses a small drum clock as the source of 
sound, the test being the loudness of tick heard 
in the distant telephone, when the clock is 
placed at different distances from the transmitter. 
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With this instrument powders and various sub- 
stances have been tested under different pressures, as 
well as compound structures such as small portions 
of a chain heaped between the jaws, which under a 
certain pressure make a very efficient articulating 
telephone, and a block composed of powdered black 
oxide of iron made up with gum transmits the tick- 
ing of a clock with great perfection. 

We now come to what is by far the mostsensitive 
apparatus constructed up to the poses? time by 
Professor Hughes in the course of this research, and 
here again the apparatus is remarkable for its ex- 
treme simplicity. Fig. 5 represents what is without 





doubt the most sensitive acoustical instrument next 
to the human ear itself that has ever been constructed. 
It consists wows 5d of a small pencil of gas carbon A 
(such as is used in the electric lamp) pointed-at each 
end, and lightly supported in a vertical position 
(see detail sketch, Fig. 6) between two little cups, 





scooped out of the surface of small carbon blocks 
CC, which are attached to a thin sounding-board 
secured to a more solid base board D. The 
blocks CC are connected by the wires X and 
Y to the battery and line-wire leading to the tele- 
phone. This marvellous apparatus, rough as it is 
(and it is impossible in a drawing to convey the 
extreme roughness of the original instrument con- 
structed by Professor Hughes), is the most delicate 
instrument we have ever seen in the whole realm of 
physics. Not only is articulate speech taken up by 
it and transmitted by it to a distant station with 
great power and distinctness, but it detects and 
converts into loud noises the minutest possible 
vibrations, The slightest stroke or the lightest 
touch given tothe base board is sufficient to produce 
a loud grating noise in the telephone ; even the tip 
of a soft camel’sjhair pencil gently stroked along the 
table on which the instrument is placed is faithfully 
recorded as a rustling sound, and what is still more 
extraordinary—and we will pardon our readers if 
they suspend their belief in the statement until they 
verify it for themselves—the very footfalls of 
a little common housefly as it walks along the board 
D are heard with unmistakable distinctness by a 
person whose ear is at the distant telephone, which 
may be miles away. 

While these interesting experiments show the 
marvellous sensitiveness of Professor Hughes’s 
apparatus for the conversion of sound waves into 
waves of electricity, they also prove more than any- 
thing that has bitherto been done, the extra- 
ordinary delicacy of the telephone of Professor 
Graham Bell as an instrument for receiving those 
electrical -impulses and reconverting them into 
sonorous undulations. And both parts of the appa- 
ratus, the transmitter of Professor Hughes and the 


receiver of Professor Bell, bring before the mind the 
still higher perfection and sensitiveness of the human 
ear, whose powers ‘as an accoustical instrument we 
are only now beginning to appreciate. 





THE ROYAL SOCIETY SOIRER, 1878. 

ANOTHER brilliant conversazione has been added to 
the long list of soirées which it has been the custom 
of the Presidents of the Royal Society to give to the 
members and to a select company of guests invited 
by the Council. 

On the evening of Wednesday, the Ist in- 
stant, the Society’s rooms at Burlington House 
were filled with a distinguished company, among 
whom were to be found many of the most eminent 
men of the day, distinguished not alone in science 
but in the domains of literature, politics, the fine 
arts, and indeed in every field in which eminence 
may be attained. 

here was not perhaps on this occasion so large 
a collection of new objects of scientific interest ex- 
hibited as there have been at several previous con- 
versaziones of the Royal Society, but on no previous 
occasion have the objects lent for exhibition been 
more interesting to, or more appreciated by, the 
guests of the President. As might be expected the 
telephone was well represented, and telephonic 
experiments enjoyed a full share of attention. There 
can perhaps be hardly any more striking instance of 
the high scientific speed at which we are living in the 
resent day than the beautifully simple telephone of 
rofessor Graham Bell. It shows how very soon 
one of the greatest novelties of the century, and 
which had excited the interest and curiosity of the 
whole civilised world, can in these times become a 
familiar object, and almost cease to be a novelty at 
all, It is but little more than eight months ago 
that Mr. W. H. Preece, at the meeting of the 
British Association at Plymouth, introduced to 
this country Professor Bell’s telephone in its 
present and simplified form, and in those eight 
months it has not only found its way into well- 
nigh every laboratory in Europe, thousands having 
been made by amateurs and others, but it has 
set many workers in many oe investigating 
the subject, and has already led to the discovery of 
fresh scientific facts, and one at least of the most 
marvellous inventions of the day. 

The Telephone Company, who are the licensees 
under Professor Bell’s patents for this country, ex- 
hibited various forms of telephone m1 pee One of 
these was the large form of Bell’s telephone in which 
the magnet is of the compound horseshoe type ; the 
magnet is fixed horizontally to a firm stand, and 
carries a coil of wire on each pole. In front of the 
poles and close to them is fixed in a vertical 
position a large ferrotype plate, and the coils are 
placed in circuit with the line wire, which on the 
occasion to which we are referring was connected 
with a telephonic organ played in a distant room, 
The sounds emitted by this instrument, which is 
identical in construction with the instruments used 
by Professor Bell and Mr. Preece in their public 
demonstrations of the telephone, were perfectly 
audible to persons standing several yards from the 
table on which it was placed. 

In the same room (the large library) Mr. Henry 
Edmunds, Jun., exhibited his very beautiful method 
of showing variations in sonorous vibrations by 
means of luminous figures produced by a revolving 
vacuum tube, or what is commonly called a ‘‘Gassiot 
star.” In this apparatus the membrane of a Reis’s 
transmitting teloghole is used as the rheotome of an 
induction coil, of which the secondary wire is in circuit 
with a small vacuum tube which is rotated at a 
uniform speed by a small magnetic engine or other 
mechanical contrivance. It will be readily under- 
stood that as the vacuum tube is attached radially 
to the rotating disc of the motor, if, while it is spin- 
ning at a uniform speed, the current be made and 
broken once in any revolution, a single line of light 
will be observed, the position of which, whether 
horizontal, vertical, or inclined, will depend upon 
the positjon of the tube during its revolution at the 
instant the flash passeg- through it, If three 
flashes per revolution through the tube, then 
their effect will be to produce a star of three rays, 
if six flashes, a star of six rays, and so on, the 
number of rays to the Gassiot star being identical 
with the number of the flashes or currents trans- 
mitted by the tube during a single revolution, There 
are of course other proportions between the number 
of flashes and the speed of revolution that would 








produce the same optical effect, but it is sufficient 


for the purpose of explaining Mr. Edmunds’s appa- 
ratus to assume the more simple and typical case. 
Upon sounding a noteinto the mouthpiece of the 
Reis transmitter, its membrane vibrates isochro- 
nously with the sonorous vibrations constituting the 
note ; it therefore makes and breaks the primary 


circuit of the induction coil as many times 
second, and a corresponding number of flashes is sent 


through the rotating tube. The effect of articulate 
8 upon the instrument is very remarkable, 
the figure produced being that of a star, the number 
of whose rays is constantly changing with great 
rapidity, and all the varying modulations and 
articulations of the human voice are instantly 
recorded by the form and appearance of the figure, 
Pure musical notes sounded in the instrument pro- 
duce (at a uniform speed of rotation of the tube) 
perfectly regular figures, and the effect of two 
notes in harmony produce two distinct superposed 
, the one being bright and comparatively 
distinct and the other appearing more nebulous and 
not so bright. The bright ——- represent the 
coincidence of the phases of vibration of the two 
notes, and the nebulous portions correspond to 
ge which do not coincide with one another, 
ut are seen in succession. The effect of discord 
is to break up all re ity of the figure, pro- 
ducing a merely nebulous haze in which occasional 
flashes may be seen. 

Mr. F. A, Gower showed his telephone harp, 
which formed the subject of a paper read by him 
before the Society of Telegraph Engineers on 
Wednesday last, and which we shall describe on a 
future occasion. The mechanical motion of the 
vibrating parts of this instrument were made ap 
rent by the flashes of light in fixed vacuum tubes 
produced in a somewhat similar manner to those de- 
scribed in connexion with Mr. Edmunds’s apparatus, 

One of the most beautiful as well as one of the 
simplest of new scientific inventions is Mr, Sedley 
Taylor's phoneidoscope, which was exhibited by 
Messrs. Tisley and Co., and which is a simple in- 
strument embodying Mr. Sedley Taylor's experi- 
ments upon the action of sonorous vibeations upon 
liquid films stretched across the mouths of resonators 
of different capacities, The phoneidoscope consists 
‘of a short elbow of any suitable material (an inch 
and a quarter gas elbow would answer the purpose 
very well) attached to a stand, one limb bein 
vertical and the other horizontal ; to the vertica 
mouth is attached a small plate in which is cut an 
orifice across which a soap film can be formed by 
brushing over it a solution of Castile soap and 
glycerine, and to the horizontal arm is attached 
about a foot length of large india-rubber tubing 
ending in a mouthpiece. ‘he apparatus is there- 
fore somewhat similar to a Reis’s transmitter, in 
which the membrane is replaced by a film of soap 
solution. In using the instrument a soap film havin 
been formed across the orifice the apparatus is place 
between the observer and a source of light in sucha 
position as to reflect the light to the eye. When the 
bubble has become sufficiently thin to exhibit the 
colours of thin films it is ready to exhibit the 
phenomena. A note being sounded into the mouth- 
piece, the colours which before had been floating 
about without order or form suddenly arrange 
themselves in beautiful patterns similar to the sand 
figures in Chladni’s experiments, and between the 
nodal lines may be observed vortices of colour 
rotating with great rapidity in opposite directions 
and producing a magnificent effect of form and 
colour. Upon varying the note the patterns rapidly 
change, each note having its own definite arrange- 
ment of nodes and vortices. For varying the figures 
the top orifice plate is removable and can be re- 
placed by others having differently shaped orifices, 
some being circular, others square, some triangular, 
and others polygonal, the form of orifice, as does 
that of Chladni’s plates, affecting the sound figure 
 emanor ye when the vibrating surface is under the in- 

uence of sonorous vibrations. 

Packed away in an obscure recess leading out of 
the principal library was one of the most interesting 
objects exhibited at the soirée. This was the voltaic 
action of light = selenium discovered by Mr. 
Robert Sabine. The ——— employed by Mr. 
Sabine consists of a small glass trough containing 
distilled water and divided into two cells by an 
opaque porous ee or diaphragm between them, 


ithin each of these cells and below the water 


is suspended a small square plate of selenium, the 
ae connected to the other by a circuit 


one 
in which is 








laced a Thomson’s reflecting galvano- 
tne of light from a lantern can be 


meter. A 
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made to fall on either selenium plate at will by 
the lifting of a small shutter which closes an 
opening in front of each plate, the rest of the 
apparatus being carefully screened from extraneous 
light, so that when one plate is under the influ- 
ence of the beam, the other is kept in darkness by 
its shutter and by the porous plate between the 
cells, which has no other object but that of pre- 
venting light passing from one cell into the other. 
When a beam of light is allowed to fall on one 
plate, the spot of light on the galvanometer screen 
is deflected to the left to the end of the scale, 
and is deflected to an equal extent in the oppo- 
site direction when light is admitted to the other 
plate. ‘This deflection represents but a fraction 
of the difference of potential between the dark 
and the illuminated selenium, for it is necessary 
to employ ashunt in order to keep the deflec- 
tion of the index ray within the limits of the 
seale. The effect of admitting light to either one 
plate or the other has the appearance of causing 
one plate to be positive or negative to the other, 
according as the one or the other is in darkness or 
in light, but it is probable that an alteration of the 
resistance of the selenium plate, which is under the 
influence of light, causing a variation of the internal 
resistance of that cell which contains it, has some- 
thing to do with the phenomena, Mr. Sabine’s 
discovery is of great interest, especially when con- 
sidered in connexion with the researches of Mr, 
Willoughby Smith upon the same substance, and with 
some of Mr. Crookes’s recent i ogee upon the 
action of radiometers having the vanes made of 


photograph upon that of another, and a perfectly 


an exceedingly pleasant face, having a general resem- 
sufficiently marked to enable the observer to say 


these effects photographically as well as optically, 
and at the soirée he showed a large number of 
photographs of faces which had been produced by 
combining two, three, and as many as six portraits 
of different people. 


Mr. Harry Hart showed two models of parallel 
motions, each consisting of a linkwork of five bars. 
They were constructed of brass and attached to a 
drawing-board covered with white paper. A pencil 
was placed at the point which was required to move 
in a straight line, so that the parallelism of the 
motion could easily be tested by the lines which it 
drew upon the a The arrangements would of 
course require drawings to make a description intel- 
ligible. 

An exceedingly interesting series of photographic 
experiments was shown by Mr. Francis Galton, 
F.R.S., by which portraits of different persons could 
be combined so as to form a new face altogether 
embodying certain characteristics of its com- 
ponents. Just as in a stereoscope, lenses or prisms 
are employed to form a single picture out of two 
others, so in Mr, Galton’s experiments a lens or 
prism is used to superpose the optical image of one 


new face is the result. Some of these combinations 
were most remarkable, not even difference of sex 
interfering with the result, and a combination of the 
faces of the Prince and Princess of Wales produced 
blance to both its components, but no characteristic 


to which it was due. Mr. Galton has produced 


The operation is as follows; 


selenium plates. 
Mr. John Browning 
spectroscopic apparatus, among which was a com- 
und’ direct-vision prism, in which both carbon. 
isulphide, and flint glass were employed. 
showed an interesting and ingenious metallic ther- 
mometer designed by Mr. Bessemer, which consisted 
of alarge number of parallel flat metallic bars fixed 
on each side of an oblong block or stand, in such a 
way as to be free to move in the direction of their 
. ‘The bars on one side of the block are 
linked at their ends to the bars on the other side by 
a series of levers fixed at their centres to the ends 
of the block in such a way as to join the bars and 
levers into a continuous length winding round the 
central block: ‘The first bar on one side is attached 
at one end to the block, its other end is pivotted to 
posite end of which is pivotted 
e other side, the opposite end 


exhibited specimens 


the first lever, the o 
to the first bar on t 





of this bar is attached to a lever at the other end of 
the block, which connects it with the second bar on 
the other side, and so on winding round the block 
“antil the last bar is reached, the end of which 
actuates an index traversing a scale. The arrange- 
ment is not easy to describe without the aid of a 
drawing, but if this description be sufficiently clear, 
it will be seen that the expansions or contractions 
of all the bars under variations of temperature are 
summed together, and therefore small increments 
or decrements of temperature are largely exaggerated 
at the extreme end of the system where the index 
and scale are placed. As a thermoscope this in- 
strument would doubtless be very sensitive, but we 
can hardly think that it could be employed for the 
measurement of temperatures in any sort of units, 
on account of the great difficulty there would be in 
eliminating from its indications errors due to the 
shake and ‘* back-lash” of the pivots in their holes, of 
which there are no less than six to every pair of bars. 
‘The apparatus is a very ingenious arrangement for 
obtaining a great length of expansible material within 
a small space. Mr. Browning also showed an 
apparatus for the automatic registration of the 
number of hours of sunlight, which has been made to 
the order of the director of the Kew Observatory. 
It consists of a perfectly spherical lens of glass 
attached to a stand by a vertical pillar of brass. 
Embracing half its circumference, and at a distance 
of a few millimetres from its surface, is‘a semi-zone 
of brass sliding upon a declination arc to allow of 
its being adjusted to lie exactly opposite the appa- 
rent path of the sun for any day in the year. The 
brass zone carries a little strip of white paper, 
and its distance from the ‘glass sphere is such as to 
receive the concentrated image of the sun upon its 
surface. The lens, therefore, acts as & burning glass 
whenever the sun is shining, and by the length and 
appearance of the charred line upon the paper, upon 
which the hours are previous marked, a very 
accurate register of sunlight is obtained. The lens 
being ectly spherical, it requires no adjustment 
forcollimation foreither declination or rightascension. 
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the now celebrated picture of 
of a lunar landscape, that is to say, a view of 
the surface of our satellite such as it would appear 


one of the mountains in the moon and looking 
across one of the huge volcanic crater-plains which 
go by the name of “seas.” 
artist bas portrayed with remarkable skill what 
must be the appearance of the moon to a person 
stationed upon it, that is to say, to ‘‘ the man in the 
moon.” 
C. Bruhns, of Leipzig, who looked after the scientific 
correctness of the picture. The sun is just setting 
behind the mountain peaks illuminating their tops 
with a snow-white glare, for there being no lunar 
atmosphere, there can be no reddening of the rays, 
For the same reason the stars appear as perfectly 
circular discs of light, and the sky is as black as ink. 


ear 
part of Africa, and the North Polar regions being 
in full sunshine and directed towards the observer. 
There being no lunar atmosphere, there can be no 
diffused solar light, the only illumination of the 
landscape, therefore, except that of the mountain 


sun having to pass through the terrestrial atmo- 
sphere. This picture is well worthy of study, and 
is now on view at No. 112, New Bond-street. 


was very successfully done by Mr. Nasmyth in his 
beautifully executed work upon the moon which 


Cc 


recently constructed for Mr. William Spottiswoode, 
F.R.S. In this instrument there are twelve rotating 
and twelve stationary plates 30 in. in diameter, Mr. 
Ladd also exhibited specimens of Dr, Byrne’s com- 
pound-plate voltaic battery, by which the most 


A set of photographic portraits of equal size are 
arranged one behind another, and fastened together 
by one edge like the leaves of a book, care being 
taken that the positions of the eyes of all the 
photographs exactly coincide; a camera is directed 
to the top portrait of the series, and after a short 
exposure the latter is turned back so as to present the 
second picture to the camera, and so on until the 
last is photographed. The resultant picture is a 
combination of all the others, and generally speak- 
ing is a decided improvement upon any of them. 
Mr. Galton gives as the value of this process the 
obtaining of anthropological types, the comparison 
of average features of a family with those of its 
near ancestry, and the power which it gives of 
obtaining a good likeness from many portraits of 
the same person. We need hardly say that these 
experiments and portraits formed a very attractive 
object of attention at the conversazione, 

Another highly interesting object of interest was 
err Olof Winkler, 


o an observer standing on the sloping side of 


In this picture the 


It was painted under the eye of Professor 


n the midst of this intensely black sky sails the 
th getting near its full, the continents of Asia, 


eaks, is from earth-shine, which is represented as of 
soft ruddy hue, due to the reflected rays of the 


The 
lea of depicting a lunar landscape is not new, as it 


e brought out some years ago conjointly with Mr. 
arponter. 

In the smaller library Mr, Ladd exhibited a 
nagnificent Holtz electrical machine which he has 


extraordinarily powerful results were obtained. In 
this battery the negative plate is compound, con- 
sisting of sheets of lead, copper, and platinum 
soldered together in a peculiar way. The exciting 
solution is very similar to that employed in Poggen- 
dorff’s bichromate battery, and is kept in mecha- 
nical agitation by means of air pumped in through 
perforated tubes at the bottom of the cells. As we 
shall on a very early occasion give an illustrated 
description of this apparatus, we need not refer to 
it at greater length in the present notice. 

In the same room Messrs. Siemens Brothers 
exhibited one of their beautiful dynamo-electric 
machines capable of giving a light of 1200 normal 
sperm candles, The same firm also exhibited one of 
their automatic electric lamps. ‘This apparatus was 
not in action, but in view of the great success of 
Messrs. Siemens Brothers’ machines in recent com- 
petition it excited considerable interest. 

The “lion” of the evening was, however, the 
exhibition of the phonograph in action in the meet- 
ing-room on the ground floor. The instrument was 
the same that we figured and described a few weeks 
ago,* being the improved phonograph made by Mr. 
Stroh, and fitted with controlled mechanism. At 
ten o’clock Mr. Preece gave a very clear and interest- 
ing description of the instrument, and showed some 
of its most marvellous powers. It talked better than 
we ever heard it before, and songs and articulate 
speech wére reproduced in great perfection. The in- 
strument was exhibited by Mr. Stroh on behalf of the 
London Stereoscopic Company, who are the owners 
of the patent for this country. 

Want of space compels us to omit noticing many 
other objects of interest exhibited at the Royal 
Society the other evening, but from what has been 
said it will be seen that the conversazione was a very 
decided success, and reflected the highest possible 
honour upon all who were concerned in providing 
so rich an intellectual feast for the guests of ‘Sir 
Joseph Hooker. 


THE PARIS EXHIBITION.t 
Tue work of getting into order the unfinished 
portions of the Paris Exhibition is being energeti- 
cally proceeded with, but very much still remains 
to be done before even the building can be deemed 
complete, and as matters at present stand it is 
scarcely desirable that we should commence any- 
thing like a detailed and classified account of the 
various exhibits. While, however, we must fora short 
time defer our descriptions and criticism of those 
ortions of the contents of the Exhibition which 
ave a professional interest, we may give a few brief 
notes respecting the progress which has been made 
since the day of the formal opening. 
In the British Section the access to the end of the 
machinery gallery next to the Trocadéro is still 
blocked by the work going on in the corner pavilion 
devoted to Canadian exhibits, the trophy (which we 
illustrated on page 337 of our last number) being 
still unfinished, and a good deal of work yet having 
to be done to the interior of the pavilion itself. In 
the Machinery Hall the most noticeable arrivals 
since the day of the opening have been the tools and 
other exhibits of Sir Joseph Whitworth, a Fairlie 
single-boiler locomotive by the Avonside Engine 
Company, and a fine case of retorts, and other 
articles made of —— by Messrs, Johnson, 
Matthey, and Co. In the side aisle, too, a number 
of minor exhibits have been got into place, while 
the various exhibitors of Sheffield goods, who were 
many of them somewhat behindhand in the arrange- 
ment of their displays, have now for the most part 
completed their work, and at present there really 
remains but very little and comparatively unim- 
portant work to be done in the British Section. 
In the United States Section there are still many 
things to be removed from their packing cases, but 
we think we may say that the heaviest work is done, 
and the section is daily growing in interest. The 
sections of Norway, Sweden, Spain, Italy, and 
Austria-Hungary are still very incomplete, but in 
the annexe belonging to the last-mentioned state 
great progress has been made in the last few days, 
and amongst other things it now contains, in addi- 
tion to the rolling stock mentioned last week, an 
admirable display of special details of locomotives, 
carriages, and signalling arrangements shown by 
the Staats Eisenbahn and the Kaiser Ferdinand’s 
* See ENGINEERING, 187 ante. 
+ On page 349 of our 
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Nord-bahn. The Swiss Section we have already 
mentioned as being in an advanced state, and now 
there is, as in the case of the British Section, but 
little to be done to it, In the Belgian Section there 
was, at the date of last notice, a great deal of heavy 
work to be done, MM. John Cockerill and Co. 
especially having a very large engine to erect. Much 
progress has been made with this work, but the 
section as a whole is still far from being in order, 
although a large proportion of the exhibits are 
fully ready for inspection. Amongst the important 
exhibits in this section, which were not available for 
examination at the date of our last notice, we may 
especially mention the large collection of textile 
machinery shown by M. Martin, of Verviers. 

In writing of the Exhibition last week we fore- 
told that the so-called Gallerie du Travail Manuel 
would prove a most attractive department, and the 
crowds which are always collected round the various 
stalls it contains fully bear out our prognostication. 
In addition to the industries mentioned last week, 
those of porte-monnaie making, the manufacture 
of jewellery of various kinds, the manufacture of 
artificial flowers, of fans, and some descriptions 
of toys are now in full swing, and a good market 
appears to be found for the products. 

In the French Machinery Hall the progress made 
during the past week, in the arrangement of ma- 
chinery, &c., has been most creditable, and but a 
comparatively small amount of really heavy work 
now remains to be done. The heaviest job in hand, in 
fact, is the erection of the very large pair of hori- 
zontal engines shown by MM, Farcot et Fils, but 
this is now well advanced, In the galleries adjoin- 
ing the Machinery Hall good progress has been 
made in the arrangement of exhibits, and some 
excellent trophies of manufactured products con- 
nected with engineering, have been put up during 
the past few days, and notably two composed of 
cast-iron fand wrought-iron pipes respectively. In 
the two main machinery annexes things are rapidly 
being got into order, but the same cannot be said of 
the important annexes on both banks of the Seine, in 
all of which there is still very much to be done. 
Many of the smaller annexes belonging to foreign 
states or individual firms are also very much behind- 
hand, {as such annexes have nearly always been at 
previous exhibitions. 

In the sections of the main building devoted to 
French manufactured products, such as textile 
fabrics, furniture, bronzes, and kindred matters, the 
progress made in the arrangement of exhibits 
appears to us to be less rapid than might be ex- 
pected considering the nature of the goods to be 
dealt with, and the same remark also applies to the 
art collections, there being several rooms in the 
picture galleries from which the public are still 
excluded. 

We have in these brief notes endeavoured to 
merely give some idea of the progress which is 
being made in the completion of the Paris Exhibi- 
tion ; but in an early number we hope to commence 
a detailed description of its chief contents, And 
here in conclusion we may say afew words respecting 
the banquet given on Friday last in honour of the 
Prince of Wales by the British exhibitors. The 
arrangements connected with this banquet were 
made by a committee composed of Mr. Colin Minton 
Campbell (chairman), Mr. Charles Appleby, Mr. 
Ashworth, Mr. Coleman, Mr. Elkington, Mr. Donald- 
son, Mr, Evill, Mr. C. J. Galloway, Mr. Harris, Mr. 
S. Platt, and Mr. A, Ransome, Mr. John Head being 
the honorary secretary, and our readers will have 
already learned from the columns of the daily press 
how successful in every respect those arrangements 
were, At the banquet the chair was taken by Lord 
Granville, while amongst the chief guests were M. 
Krantz, M. Charles Berger, M. Duval, M. Albert 
Gigot, and M. Teisserenc de Bort. The toasts 
specially arranged for were five, viz., ‘‘ The Queen,” 
‘The Marshal Macmahon” (responded to by M. 
Teisserene de Bort), ‘‘ The Prince of Wales,” “The 
French Executive” (coupled with the name of M. 
Krantz), and ‘The British Exhibitors,” but to these 
the Prince added the health of Lord Granville. In 
proposing the health of the Prince, Lord Granville 
dwelt upon the strong and active interest which he 
(the Prince) had taken in the Exhibition, and the ener- 
getic applause with which his remarks were greeted, 
showed that the personal exertions of His Royal High- 
ness were fully known to and appreciated by those 
present. In replying the Princes cially thanked his 
‘indefatigable friend,” Mr. P. Cunliffe Owen, and 


the chief members of his staff, for the energy they 


he also spoke of the displays made by 


French language, proposed the health of M. Krantz 
and the French pie mm ‘The subsequent toast of 
“The British Exhibitors” was pro by Dr. 
Lyon Playfair, and responded to by Mr. C. J. Gallo- 
way, while that of the health of Lord Granville 
was proposed by the Prince of Wales. 


HIGH-PRESSURE STEAM BOILERS. 

At the meeting of the Institution of Civil Engineers 
held on Tuesday, the 7th of May, Mr. Bateman, President, 
in the chair, the paper read was ‘‘On thé Construction of 
Steam Boilers ted for very High Pressures,’’ by Mr. 
James Fortescue Flannery. 

In the discussion following a paper on this subject, read 
before the Institution of Naval Architects, Mr. McFarlane 
Gray compared the relative economy of present and former 
engines, showing that in former practice, the boiler pres- 
sure was 25 lb., or 40 lb. absolute pressure per square inch, 
yielding six horse power for a certain — of coal ; but 
that now with 65 Ib. boiler pressure, or 80 lb. absolute 
pressure, for the same quantity of coal, the result was 
eight horse power; that was to say, the pressure had been 
multiplied by two, and two added to the six horse power. 
And from this comparison and from calculation, Mr. Gra; 
inferred that ry - horse power ae arithmeti 

ion, and the pressure in geometrical progression,” 
oa that ‘‘it would require 1280 lb. on the square inch to 
double the present efficiency, even if that pressure could be 
carried without additional drawback.” 

There was at present no proof that practical difficulties 
would reduce to so serious an extent the theoretical gain 
incidental to increased pressure and expansion. Assuming, 
however, that by increasing the present boiler pressure, 
and adopting suitable expansion, it would be possible to 
increase the economy only 20 per cent. The advantage at 
sea would be most important. 

No doubt could be thrown on the statement that boilers 
of the existing types, especially marine boilers, would not 
carry much higher pressures than they were now subjected 
to, evenjthough the usual factor of safety might with pro- 
priety be uced ; the limited space allowable on 
ship for boiler room, and the necessity of occupying that 

ce in the most economical manner, left scarcely any 


the size being thus dictated, the to be carried was 
necessarily limited by the possible thickness of the iron of 
the outer shell, and the means of rivetting it. By an ex- 
tension of the heating surface in relation to the grate sur- 
face, so that the temperature of the escaping gases might 
be reduced to a minimum, the evaporative economy of all 
boilers might be made nearly the same, but a boiler having 
favourable disposition of the surfaces would more i 

be adapted to such reduction of the temperature of the 
escaping gases, and the maximum efficiency could accord- 
ingly be obtained in such a boiler with the least extension 
of the heating surface, and therefore with the least size and 


portant economy might be obtained by the use of the water 
tubes. 

Another important advan’ incidental to the water- 
tube or sectional boiler, if well designed, was its facility 
for expansion and contraction under vonmne temperatures 
without undue strain upon the joints. It was well-known 
that one of the greatest evils of the present cylindrical 
marine boiler was the wear and tear, and ultimate 
of the seams of the shell, from its unequal ex ion. 
There seemed little hope of anos idefect rng the 

lindrical boiler, but the sectional boile? was, in almost 

cases, entirely from it. 
The report of the Boiler Committee in allusion to the 


in view of the further information collected by them on this 
subject, that difficulties should have interfered with the 
carrying out of their suggestion* as to the trial of the 
tubulous system ; and, after the further experience the 
have gained, it is still their opinion that the system should 
be fairly tested as soor as possible in sea-going ships of Her 
Majesty’s Navy, on land, and, if thought desirable, in steam 
pinnaces and cutters ; boilers of the latter size being readily 
obtained on the plans referred to.”” The vital 

the Perkins system was the continued use from port to 

of the same water, without leakage, and free from im) ies 
likely to be deposited. It was admitted by Mr. Perkins 
that, in an engine working with a vacuum, portions of the 
tallow used in the stuffing-boxes of the piston rods would 
be sucked into the rq r, and carried through to the 
boiler ; and beyond this it was not easy to — that in 
large engines no internal lubrication would be required ; 
should it be necessary on long voyages to apply oil or tallow, 
even in small quantities, deposit on the bo must neces- 
sarily take place; and deposit upon boilers having little 
natural circulation must be a serious evil. If in a boiler 
there was rapid circulation of water, the tendency to deposit 
would be less, and if the construction of a boiler admitted 
of easy access for ing mechanically, the deposit was of 
less importance ; but it must in fairness be pointed out that 
the construction of the Perkins boiler was such as greatly 
to hinder scaling by mechanical means ; and in his evidence 
before the Committee, Mr. Perkins recommended periodical 
washings for removal of scale. It must be evident, how- 
ever, that in the case of large deposit such a system of 
cleaning was not likely to be satisfactory, and, indeed, after 
a Perkins boiler had been so cleaned, it would be difficult 
to know if deposit still remained. 

In connexion with the question of weight, which had 


* A recommendation that Perkins’ system should be tried 
(1) on land; (2) on board one of the Admiralty harbour 








had 


shown in connexion with the Exhibition, while 


vessels ; (3) on board a small ing man-of-war, was 
made by the Committee in September, 1874. 
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eee as to the external size of each separate boiler, and | ; 


weight. On this ground alone it was believed that im-| jnlegs 


* | an uninterrupted flow to the steam-chest 


Perkins system, said, ‘‘ The Committee very much regret, oa 


such an im bearing upon the policy of fitting 
: Haag bine Fong geen, cunine ane oe 
wo points demanding . When 

the total weight of machinery of different 
only fair to include the weight of 
given number of days’ consumption in each 
regarded in this light, the tubulous 

its greater econ would have some advantage. 
if economy of weight in connexion with high 

desired, grate surface might be so much enlarged in 
proportion to the heating surface, that abundant steam 
generation with small weight might be obtained, but at the 
cost of increased consumption. Of course this was so for 
all types of boilers ; and it was a question of experience how 
to proportion the grate and heating surfaces to each other, 
that the escaping gases might be of the most suitable 
temperature. In the best marine practice, boilers of the 
cylindrical type were now made with about 3 square 
feet of heating surface and 0.12 square foot of grate surface 
per indicated horse power, that was as 25to1. In the 
examples of tubulous boilers already described the propor- 
tions were approximately as follows : 
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An interesting discussion had recently taken place upon 
the comparative advantages of vertical and horizontal heat- 
ing surfaces, especi as applied to high-pressure boilers. 
The question a to lie within very narrow limits. 
It was n to remember that the action of circula- 
tion was due to gravity alone, the steam bubbles tending to 
rise and the water to fall, and, where evaporating water 
was confined in a narrow tube, if that tube was placed in an 
exactly horizontal position, the steam bubbles could onl 
rise through the height of the diameter of the tube, ps 
would accumulate a’ pode ps side ; if they did eventually 
have any circulation it be borrowed from the currents 
soomnting through a vertical, or approximately vertical, 
line ; the velocity of the circulation would be corre- 
spondingly reduced. On the other hand a vertical tube, 


properly supplied with water led through a te 
yo ean might Pg no — circula’ — bat might ting 
o! 8 W against water 
downwards, pm : circulation. It ap then 
that the employment of tubes in horizontal, or hori- 


‘bat 1 
zontal, positions would not give grat results ; but the use 
of tubes of proper! ———— diameter and » in 
a position vaficiently to allow the steam bubbles to 
ascend along the tube by gravity, and having afterwards 
uni be safe and 
efficient. Under all circumstances a boiler should 


case the ber cult to ae 
res) and some examples, after working well for a time, 
id failed from the large deposit of for w no 
ready means of removal were provided. 





SantTary INsTITUTE oF GREAT Bri1a1n.—By permis- 
sion of the new Committee of the Ro iety, the experi- 
ments upon the ventilators exhibi' at m in 
October last, will be conducted by a committee appointed b: 
the Institute for that , at the *‘ experimental house,”’ 
Kew Observatory. tific gentlemen desirous of ro mee 
ing the ventilators at work, will be furnished with tickets 
of admission, ~~ soon as roe wy completed, 
on making application trar o Sanitary 
Institute, 20 Spring Gardens, Lo . An examination 

i of nuisances, by the 


of local surveyors and ins ry 
Council of the Sani Institute, will take place at the 
rooms of the Medical iety of London, commencing on 


Tuesday, June 4th. 


Tue Late Mr. Borsta.—Mr. Albert Borsig, the well- 
known locomotive engineer, of Berlin, died on the 10th of 
April at the early age of 49. The works were fi 
his father in 1837, and since the beginning have turn 
out over 3600 locomotives for Germany, Russia, Sweden, 
Mn ~~ dee ylry mee Pye tee rah ook the 

r. ‘was one em) , the 
number of his workmen at his Sac and at his 
iron and steel works and coal mines in 
10,000. How successfull have been 
is shown by the fact, that A 
with a capital of 15001. lent to him by a Berlin tradesman, 

th the wealthiest en in Germany, 
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ON LIGHTENED SCANTLINGS.* 
By Mr. W. Dunny, Member of Council. 

Last year, in a paper read before this Institution at 
Glasgow, I pointed out certain objections to Lioyd’s 
numerals, and the substitution for them of a 
series of numerals upon the displacement, modified 
by the length and by gd mane ensions of —y — section. 
Some objections were agains i suggestio n, 
which might then have been answered, had the time at 
the disposal of the meeting not been so limited as to cur- 
tuil all the discussions. On this account I have decided 
among other matters connected with the subject of this 


‘AWNING - DECKED’ 











dual Se ane relationship of the 
en ee be fairly ly assumed to 
a@ common ratio to the displacements, this 


objection need not trouble us. 
parison of the displacement basis with the determination 
of scantlings by a complete and careful consideration of an 
individual = and her special requirements, and has no 
connexion with the point in dispute, which is the relative 
value of a purely dimensional, and a mixed dimensional 
and displacement basis. The displacement basis, no more 
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It seems universally admitted that scantlings of dif- 
pear yn of heaviness may be used in the same form 


dimensions of ship. We have a ition of 
sod Gencions ot ship We ave a general, sogzion o 
salient feature in numerals fo: on a displacement basis, 


1 uires consideration in connexion 
with them. As it is prudent in any investigation of this 
kind to start from some tangible system yin ex- 
istence, I have taken the liberty of drawing upon Lloyd’s 
rules for illustrations, and these are given in the three 
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paper, to take up such objections in as far as they were 
stated or suggested. 


than any other empirical basis, can stand comparison with 
an absolute consideration of scantlings, ship by ship. Such 
a method is, of course, the best, but it would mean the 





To begin with, there seemed an impression that displ 
ment numerals would proceed on some a priori principle 
which would thicken the plating of a large steamer beyond 
all reason, and thin the plating of a small steamer beyond all 
safety. As, however, they would be in categories like the 
present numerals, and as their being so arranged would 
easily permit limits to be placed to their action, time 
need not be wasted on this mistake. one can very 
easily see that if the present numerals increased thick- 
ness of plating in direct proportion to their increase, or 
diminished it in a similar ratio of decrease, they would pro- 
duce as extraordinary thicknesses and thinnesses as any 
displacement numerals could do, used in the same manner. 
One of the objections actually put forward to a displace- 
ment basis was that it might be a fictitious basis. This 
may mean that an owner might for the pu of getting 
heavier scantlings put the displacement mark at a point he 
never intended to load to. If he did ‘his he would do no 
harm. If the objection meant, however, that an owner 
would attempt to load to such a dravght in spite of its 
being plainly stated in the certificate of class that the mark 
represented simply a dranght not to be exceeded, and in 
no sense a rule for loading, such an owner might be safely 
left to thecare of the authorities at the he intended 
to sail from, who would very quick]. . ye his clever 
obtuseness. ere is one sense in which i ent 
basis might be fairly termed fictitious, ‘and that is with 
regard to the different draughts of the same steamer. In 


* Paper read at the nineteenth session of the Institution 
of Naval Architects. 








negation of registration societies. Another objection to 
the displacement basis is that an owner having built his 
vessel to scantlings correspouding to a given draught, might 
desire, on account of a wish to sell the ship, or to change 
her trade, to load more deeply. In what, however, would he 
in this, to him, unsatisfactory position, differ from the owner 
of an awning-decked vessel marked officially for her draught, 
and who desired to load more deeply? Indeed, from some 
remarks made at last meeting it would seem that the owner 
of a spar-decked vesssel must be assumed to occupy the 
same position. But it is breaking a butterfly to extend the 
confutation of an argument which, fully developed, means 
nothing less than ‘a wholesale condemnation of specialised 
instruments—an argument which would lead directly up 
to the proposition that every steamer should be made to do 
every Fin of work in case a future necessity should arise. 
No one asks an owner to build specialities. All we ask is 
that under fair conditions and guarantees he should have 
the liberty of doing so. If he uses his liberty foolishly 
and to his own burt he has himself to blame. 

Another objection to a dis: ent basis—a little un- 
complimentary to owners—is that they know nothing 
about dis t. My experience does not this ; 
but granting the statement, may we not assume that even 
the dullest owner knows the meaning of deadweight 
capacity, and that this knowledge will enable him to under- 
stand fairly well any contract he may desire to make for a 
ship? The necessity of understanding displacement, and of 
working out different ——s ements in connexion 

to the shipbuilder ; for 


with it might be then safely 
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sections now before you, representing the scantlings of a 
steamer of the same dimensions, form and class, built to 
the three different grades permitted by the rules. A Table 
accompanies the sections, giving the various particulars in 




















aes Awning Spar Three 
Decked. Decked. | Decked. 
Length ... 320 ft. | 320ft. | 320 ft. 
Breadth ... | 40ft. | 40ft. | 40 ft. 
Depth ... eee ... [33 ft. 11 in.|33 ft. 11 in. 33 ft. 1Lin. 
Draught moulded _...| 19 ft. 1in./21 ft. 2 in. 23ft. 4 in. 
Displacement ... ...| 4224 4869 5512 
Coefficient of displace- 
ment ... oe sie 605 .629 646 
Area of midship section 661 748 835 
Lloyd’s frame numeral; 81.25 88.5 96.35 
U ” Pay a 25,837 28,063 30,639 
ti 
is ia pcre | 20.68 19.93 19.35 
Moment of inertia ...| 168,438 | 189,538 200,025 
Bending moment=D x 
i Siesta 38,607 | 44,502 | 50,379 
Strain on upper deck ...| 4.74 4.68 4.87 
connexion with them. Last year objection was taken to 
ree-decked 


i ed the ht for a th S 
my, having eted vessel.” ‘T regret that I should have given 
cause for objection in this ; and to show my willingness *o 
meet any such objections fairly and frankly, I have in the 
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present case not only assumed different draughts for the | within the limits of safety, but are principally worthy of | bution to the skin by means of longitudinals, a pattern and 
three different grades, but have done so in accordance with | remark because they are practically equal, and they are so model of shill worth ° Admi 
Mr. Martell’s suggested rules for freeboard. because the strength of the section tested in this way | constructors to a large extent, and with some necessary 
The ag woe corresponding to the different draughts | varies coincidently with the —s moment produced by | modifications, following the same course, have showr 
are simply those of the same form, differently immersed. | the formula. As, however, in the formula the only vari- | what wonders of strength 
The bending moments are the products of Mr. John’s well- | able is the dis t, it is simpler to say that the| by it. Few words are, however, required to distingni 
known formula, and the moments of inertia and position | strength of each of these sections to resist rupture on its | the spurious — inal construction uced 
of the neutral axis are found in the usual way. A con- sageones Seren 09 Coes ent. of late from the true, them as they de- 
ideration of the scantlings of the three different sections you may suppose, I would be the very last to blame | serve. I do not of course charge Lloyd’s with es 
hows, taking the transverse construction first, that the | Lloyd’s for p ing on a displacement basis in lighten-| these spurious systems, al h, as the 
rames which are 5} in. by 3}in. by ,%in. in the three- scantlings, and I trust that any remarks I am com-| before you clearly show, the undervalue the trans- 
decked section become 5} in. by 3# in. bys in. in the spar pelled to make adverse to the arrangements of these | verse framing. Taking e scantlings of our three sections 
decked, and 5 in. by 3} in. by ,%; in. in awning-decked | sections will not be interpreted in such a sense. Indeed, I | below the main deck you will notice that ing from the 
section. The reverse frames are reduced from 4in. by | regret that finding allies I cannot wholly approve their | three to the awning-decked section the codualiions in seo- 
tional area amount to about 4} per cent. on the skin, 16 
3 DECKED per cent. on the frames, 7 per cent. on the reverse fram 
3204033 5 per cent. on the floors. There is a very mar 
difference apparent here between the reduction so 
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Tie 174 Gg Str. 70*%, undertaken on the ing, and that so timidly attem; 
erry IEF ee — a on the skin. The cause of this anomaly is not the 
—— RUB BE Sig 44» Ye ments of the longitudinal strengthening, for they could 
—<— | have been left unaffected, even if a fair reduction 

at or 40%, had been made in the skin, provid 
eee ae * ie added to the stringer and sheer strake of the uppermost 
ease sais deck. The requirements for local strengthening can 
96°35 for Frames &c. hardly be the cause, for the plating is fairly above them. 
90.639 , Pi Ling » | One interpretation is available, and it is, that having as a 


Ye matter of choice reduced the framing, the thickness of the 
plating was left to succour it. If this is correct the choice 
18 regretted and is tolerably clear evidence of the 
iportance attached to the transverse framing in the 
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to 
Iron . re, | small im 
oe een = ae a sm : 45 fax "He | sessenuile taasine. One is almost tempted to believe that 
: 537 — ae 1% the consciousness of having resisted any attempt to widen 
= i the frame spacing has lulled the general opinion into a 
| Fagg quiet confidence in the framing as it is, and induced the 
PROPORTIONS notion that if one only has close frames and thick plating 
e248 r all else will come of itself. 
11-56 Depths to Main Deck Mr. White pointed out last year that one of the functions 
909 , » Opper Deck of the skin was to contribute to the transverse 
. ‘ The remark is valuable, and is well illustrated by the Ad- 
{ 7-95 Breadths miralty system of construction. For the pe of more 
| plainly showing its force, and the relationship of the fram- 
ing to the plating in this duty, I have had three skin 
sections prepared and calculated in a way suggested by Mr. 
Reed in his book on “ —— in Iron and Steel.’ 
They represent strips of plating cut the breadth of a frame 








pacing from between the and the stringer above it, 

in the awning-decked and three-decked ion; and te 

these is added a similar section from Her Maj 8 ship 

NEUTRAL AXIS i Blonde. The sheathing of the Blonde is omit > as it 

; would only complicate the comparison. The omission does 

i 4 ~— not, however, affect the value of the illustration afforded 

, by the section. We can now try which of these three 

Frames 5¥*34* Yep = i oe pe 1. see — a oo 

© Ar tk, e rigidity of a ship’s side. To take the very sim 

: ne ds steele é illustration of this, we may su that each of ened 
Balkki! Ye Angles 4+35* Sg i 
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sections is subjected to the kind of strain so ane ny | 


push the side in and to produce rupture in the inner flange 
of the reverse frame. The moment of inertia has been 
calculated for each section, also the distance of the inner 
flange of the reverse frame from the neutral axis. We 
may assume the power of this inner flange to resist the 
strain brought to bear on it to represent the relative 
rigidity of the sides, and that the moment of inertia of 
each of the sections divided by the distance of the inner 
flange of the reverse frame from the neutral axis represents 
this power of resistance. Tried in this way the i 
of the tkree sections is represented relatively thus: 

Blonde class sid ats pole 

Three-decked grade 


Awning * én oi ow 
The area of iron in the three sections are the : 


Blonde class an eee ot 
Three-decked grade eee pers Ph 
Awning pa ati eee ate 23.75 
inte Comparing the three-decked and awning-decked sections, 
36472 we have in the latter a reduction of about 4 per cent. of 
Keel Iv2g sectional area, producing a reduction in rigidity of nearly 
_ 18 per cent. Comparing the Blonde section with the 
oy) “ awning-decked section we have an increase‘of 41 per cent. of 
ia toy wtah tank conan dit casting Gee 
oie: an ly represen’ ; for 
rivet holes close in to the skin in the Blonde section the 
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3} in. by 1%; in. to 3} in. by 3} in. by yy in., and the floor | action; for while I am at one with Lloyd’s in the opinion | frame, 1 ame is seems an undesirable result, and 
from 26 in. by }9 in. to 25} in. by 34 in., and 24 in. by | that in the same form and dimensions of ships, scantlings | 20t one which would encourage any person to persevere 
t$in. We have thus a steady reduction throughout the | should, down to safe limits, follow the lacement — and | With a further po eee oe of a disp: ent basis. 


transy ; and safel that the | they, I , would not t if ever, ledge tk 
Sf tele te enliiinn, cs contin aiish hone fagttion-5 wan ene te Aone with these tn thy peledine of the displacement basis policy, but rather the result of 


cause of this is the condition or conditions which have . ; 
changed in the spar-decked from the three-decked, and in | reductions they make between the transverse and longitu- ; indifference to the r of the transverse strengther~ 
the awning-decked from the spar-decked vessels. But | dinal scantlings. So much has of late years been spoken > Sons aaa pone We hour to f indifference 





as there is no condition changed saving that of the dis- | and written about longitudinal scantlings and. im- We hear to of 
placement, we may assume that it io 0 lnseaipy wits the portance, andl by no ene Seller Gham bey Be. John, that en anes eS aa ae 
lecrease that the transverse scantlings diminish. In con- has been some little temptation to neglect teaneverse we eS the most clumsy seman, 3 4 
sidering the longitudinal scantlings you will be struck | strength. Liloyd’s have to some extent into this | evil, a thicker skin or closer spacing of the frames. I know 
by the fact that with the exception of jth on every | error. In deprecating the | one Pr 
second strake of plating, and some slight reduction in | scantlings do not, however, me; for while I | reason have reduced the spacing of their 

the keelsons, all the reductions are made, and with some de- | condemn the mistakes of those who have of late, and most | to 21 in. with the result of only very ee rp Apiwes on | 
cision, above the main deck. To suppose that action of | foolishly, striven simply to iron placed lengthwise oe ott in his 

this kind was taken without duefreason would be most | ship, ae en the efforts of those gentlemen, prong A as wn —_ dpe g of Butte to the 








unjust to the framers of the rules. The reason fortu- | Mr. Scott Russell and Mr. Brunel, who produced a true | the ; 

nately lice to our incest, ‘nh enn Woda: te the strains | theory of longitudinal strengthening as exemplified in the Dutt Festenings of the iin Fisting of Tnen Gite, Say 
shown to come upon the uppermost deck of each section constraction of the Great Eastern, and to this dey T think considerably ieee Oat strength okin. 
according to Mr. John’s formula. These strains are well | the massing of her transverse strengthening and its distri. | There can also be little doubt but that a very large amount 
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of the skin weakness observed in ocean steamers, about 
and above the bilges, is due to the want of in the 
internal framing. The continual thickening of the skin at 
this part seems a strange remedy, for in most mercantile 
steamers the bilge is so equare that it is excellently fitted 
to resist compression, while it is almost always far stronger 
against tensional strains than the upper works, and far less 
to them. We are indeed compelled to acknow- 
that a large amount of the skin weakness observed 
in mercantile marine is due to the skin not ye 
and rigidly su , and not’ to defects in i . The 
continual additions of sixteenths to its thickness or an 
adherence to that thickness, while the internal framing is 
being considerably reduced, are not real remedies. It is 
not of course meant by this that we are to seek in a copy 
of the Blonde section a remedy for these mistakes, but 
only that we should, subject to our own requirements, 
adopt the line of action indicated in it. There are many 
and good reasons why we cannot in mercantile ships afford 
the very wide frame spacing of the Navy, and why we must 
have more frequent ounper. 

There is, however, nothing to prevent us remedying our 
apoest defects by simply, in cases of lightened scantlings, 

ividing the reduction more fairly between the skin and 
framing, preserving the depth of the framing and being 
particuiarly slow to reduce the reverse frame. A little 
more attention might also be afforded to the beam knees of 
which one tier at least should be made large and effective. 
The deeper framing would of course afford them better 
fastening and enable them to prevent racking in the section. 
acy what I now recommend is no novel, no revolutionary 
and dangerous procedure, but a prudent course of action 
worthy of the attention both of Lloyd's and all mercantile 
constructors. The lesson of it is taught in the admirable 
systems of construction developed by the Admiralty, systems 
which are worthy of the careful study of every one desiring 
to master the practice of construction, and specially worthy 
of attention at this time when the mild steel now coming 
into use puts directly before us the question of how a 
general reduction is to be prudently conducted. If the 
disregard of the transverse framing we have been discussing 
is carried into steel construction it can safely be pre- 
dicted that we shall shortly hear of skin weaknesses in 
steel ships. 

Although the changes in framing now recommended 
would be improvements on the present system, they would 
be, by no means, all that could be done; and if I take up 
some little of your time in sketching out a line of progress, 
I trust you will excuse me, for lightened scantlings are not 
— | a feature of the construction of the same dimensions 
and form of — with different displacements, as we see 
illustrated by Lloyd’s practice, but are also a feature in 
the improvement of construction itself, and the full scope 
of their application cannot be descri without a few 
words about this feature. Reference has already been 
made to the massing and distribution of the transverse 
strengthening of the Great Eastern, so admirably prac- 
tised by Mr. Brunel and Mr. Scott Russell. There is, 
however, more than this worthy of notice in their system 
of construction, and what strikes me most is, that having 
to provide a certain amount of area of section for meeting 
tensile and compressive strains; they made it do double 
work. Herein lies the beauty of the true longitudinal 
method of construction. Leaving the outer skin com- 
py thin they left it workable to advantage. In 
orming an inner skin and connecting the two by longitu- 
dinals, they produced a mass of box girders which dis- 
tributed the transverse strength of the thwartship bulk- 
heads to the hull. At the same time all this longitudinal 
strengthening fulfilled its ordinary functions in resisting 
the great longitudinal strains of tension and compression. 
Nothing can be more ingenious than this arrangement 
by which the transverse Sulkheads are drawn upon for 
transverse strengthening and compelled to do more than 
merely sub-divide the hull. Throughout the whole con- 
struction you have material forced to do two duties, and 
sometimes three and four. Mr. White illustrated a 
similar practice in the Admiralty, where portions of the 
structures of the ironclads intended for defence were 
made to contribute to the strengthening of the whole 
structure. It is, perbaps, worth while in connexion with 
this to note the waste of the strength stored up in the 
transverse water-tight bulkheads of mercantile steamers. 
These reservoirs of transverse strengthening are not 
only wasted, but dreaded, and instead of supplyi rigidity 
to the hull have to be prevented from damaging it by bulk- 
head doublings of a size far beyond what is required, 
simply for the purpose of com ting the close pitch of 
the frame rivets. Surely in the face 0 all we 
know, of the teachings of Mr. tt Russell and Mr. 
Brunel, and of the practice of the Admiralty, this is a 
poor result. To what does it point? It points to the fact 
that we shall not improve in mercantile construction till 
we learn to mass our transverse strengthening and.dis- 
tribute it. Then our transverse water-tight bulkheads 
will be simply more pronounced examples of a general 
feature in the construction, and will need no such special 
treatment as we supply at present in unnecessaril large 
bulkhead doublings. To attain this end we need e 
mere copies of the Great Eastern’s construction, although, 
I believe for the t ocean steamers of the 
kind would be i ! ° 
tion. Framing can be and is frequently massed with- 
out NS | a cellular construction. Massed fram- 
ing means course partial bulkheads 
Sean De taa viaih deactigd teamsiping temn te tno tmeeed 
a step in rig in in - 
nery spaces of steamers where eves’ 
vented them ing the 
full benefit from it. This dread 


for although it is quite true that paral balked 
or 
projecting inta the break stowage, it must be apparent 





that in many cases by doing away with hold stringers of 
great width, or hold and stringers, they would in- 
crease instead of diminishing stowage, while even in cases 
of diminution of stowage, if the scantlings longitudinall, 
depended upon a di 


y 
t basis rather —— the 
dimensions of the midship-section an owner nearly | passt 


recoup his loss by enlarging the sectional dimensions of his 
ship. This is an illustration of one way in which Lloyd’s 
longitudinal numerals may be found to impede improve- 
ments in transverse i 


strengthening. 
transverse strengthening and the —— it 
would afford stringers and keelsons of distributing its effect 


to the whole hull while fulfilling at the same time longi- 
tudinal functions it is unnecessary to dilate. Such a con- 
struction would afford the fullest opportunity for lightening 
scantlings down to local requirements, and for obtaining 
strength and rigidity by a multiplication of many mode- 
rately thick parts, rather than by the thickening of a few 
parts fulfilling only single functions. We may, besides, 
remark that with hand-rivetting, which is practically 
universal in shipbuilding, it is undesirable to queaity increase 
the thickness of parts, as the whole advantage of doing so 
is never gained. It is rather prudent to have many thin 
parts than a few thick ones, seeing that for the area of 
section involved, square inch forsquare inch, the former is 
likely to be the more reliable. Should the use of mild steel 
increase for shipbuilding, additional force will be given to 
these views by the greatly increased deterioration in thick 
as compared with thin plates, caused by the punching. 
We have abundant scope before us for improvement, but 
we have plenty of light to guide us, in the history of con- 
struction up to date and in the Admiralty practice, if we 
are willing to learn from them. 





ON THE ART OF PUDDLING;; ITS PAST, 
PRESENT, AND FUTURE.* 
By Mr. R. Howson. 

Tue notable discovery of Mr. Bessemer has not only 
made a new era for itself inthe manufacture of steel, but it 
is now reacting on all the old methods of working iron in a 
way that must sooner or later lead to a complete change 
and revolution. 

The very necessities of competition now render it certain 
that unless these methods can be improved they must in 
great part be abandoned. The only reason in fact why this 
state of things has not already arrived is, that there isa 
difficulty incidental to the Bessemer process, which up to the 
present time appears to be insurmountable. This difficulty, 
as no doubt many here are aware, consists in the impossi- 
bility of removing the element phosphorus, which is so 
inimical to the production of good qualities of steel. It is 
consequently found that only the more expensive brands of 
pigiron, such as are produced from ores which are com- 
paratively free from phosphorus, are applicable to the 
process. It is true the same difficulty spp ies to ordinary 
puddling, but it is much less in degree and of quite another 
order. In the Bessemer converter the whole of the phos- 
phorus contained in the pig iron remains in the final 
product ; in the puddling furnace a great part of it is 
always eliminated, and almost the whole of it can be elimi- 
nated, but only by the exercise of extreme care and at con- 
siderable expense, all which is quite incompatible with 
the necessary economy of a current working manufacture. 
The reasons which thus make so marked a distinction 
between the two systems of puddling and blowing in a con- 
verter are of a purely chemical character. or com- 
plete technical information of the reactions which take 

lace in both processes I would refer to the more recent 

bours of chemists who have devoted much attention to 
the subject, and I notice more particularly two excellent 
papers read before the two last meetings of the Iron and 
Steel Institute by Mr. I. Lowthian Bell, and two by Mr. 
Stead, recently communicated to the Cleveland Institution 
of Engineers. It is sufficient for my present purpose to 
glance at the results of these scientific investigations. 

It is now clearly understood that the means of removing 
all the impurities contained in pig iron is simply that of 
oxidation. At present I confine my remarks to puddling. 
The silicon, the carbon, the phosphorus, and the sulphur 
exist in the ernde pig iron in a metaloidal or elemental 
condition, that is to say, the iron is combined with them 
so as to form an alloy without the presence of oxygen. In 
the case of carbon, however, a portion of it is usually 
separated from it in the form of graphitic scales. The art 
of se ting the whole of these constituents from the 
neal consists in the application of oxygen in such a form 
that they unite with this element, while the iron itself is 
preserved in a metallic state. Wherever any ingredient 
in an alloy becomes oxidised it inevitably compan 
with its matrix either in a gaseous or solid (fluid) state. 
Now the whole of the elements which we have to deal with, 
including iron itself, are oxidisable, and the problem 
resolves into this: how can the impurities be made to 
absorb oxygen while the metal keeps its elemental con- 
dition? This is in reality done by a practical Se by 
what has often been described as a rule of thum 
Let us try to see how it is done. The vehicle for supplying 
the oxygen is fluid oxide of iron, and I think it is 
considered _ air = play - ee, a —- 
tion as possible, except it may be at early of it. 
Washing or close contact by agitation furnishes the means 
by which the requisite reactions are effected. Under these 
conditions, if the temperature is known, the rate of oxida- 
tion of each element mecerngusretasan known. At ordi- 
nary paddling temperatures t' relative allinities of the con- 
stituents of pig iron have thus been ascertained to stand in 
the following order : silicon, phosphorus, carbon, iron. The 
relative rate of oxidation, however, does not proceed equally 
throughout every part of the process. It appears that in 


* Paper read before the North Staffordshire Institute of 
Mining and Mechanical Engineers. 





On the advantages of | the f 


process. | to 


the early or soon after melting, while three- 
quarters of silicon have been conv into silicic acid, 
and half the phosphorus into phosphoric acid, the carbon 
has actually increased, whereas from this point to the 
finish, the oxidation of what remains goes on almost i 
. ‘The iron even itself doubtless oxidises, and per 
to a small extent throughout the entire process, but wi 
puddling the weight thus lost is made up by the re- 
uction of metal, which must of necessity take p from 
For instance, if the fettling consists of iron- 
peroxide, for every three equivalents of oxygen lost, two 
equivalents of metallic iron will have been set free. It must 
be noted, however, that after all the impurities have been 
fairly eliminated, the iron itself begins to oxidise fast, 
although this is mainly due to currents of air. Upon the 
whole, itis tolerably clear from these consecutive reactions, 
that to a great extent the affinity for oxygen of the more 
unstable element acts as a protection against oxidation of 
the more stable one. The carbon is not attacked until the 
silicon and the phosphorus are nearly gone, and the iron 
undergoes but little waste until the carbon is gune. 

These phenomena take p as before stated, in the order 
described, only when the temperature is below a fixed point. 
It is not alittle sin r that at the higher temperature of 
steel-melting, phosphorus then becomes the stable element. 
In the Bessemer converter the order of relative affinity is 
as follows: silicon, carbon, iron, phosphorus. It is indeed 
remarkable that carbon, which is the most unalterable of 
substances at atmospheric temperatures, should seize upon 
oxygen with such avidity at high ones; whilst phosphorus, 
which takes fire so readily in the lucifer match, resists the 
action of air longest when the temperature is excessive. 
Whether this latter effect is due to its combination with 
iron or not, is a question which I am not prepared to 
answer, At all events, these considerations tend to show 
that comparative intensity of heat in its relation to metal- 
—— processes is in reality a subject worthy of close 
study. 

Let us now glance at the principal features of hand- 
puddling, and endeavour, as far as possible, to get at their 
real meaning. 

As soon as the charge is all melted, both the upper and 
the under surface of the metal are in contact with cinder, 
and therefore from both these sources it begins to abstract 
oxygen. It is not desirable, however, that the underside 
should be wasted; and to prevent this the workman 
commences to use the rabble freely, so as to wash the metal 
and blend it with the molten portion. 

Very soon grains begin to show themselves, and this is 
a sign that 75 per cent. of the silicon has disappeared. 
Ebullition now ensues, and the workman puts his damper 
down. The effect of this is that the furnace is somewhat 
cooled, and the cinder becomes viscous, a condition which 
causes it to puff up under the action of the escaping gases, 
whereby the metallic particles are supported in a state of 
flotation, and kept from settling down on the hearth and 
destroying it. The silicon mostly gone, as well as a great 
portion of the phosphorus, the carbon begins to escape ra- 
pidly as carbonic oxide, and very soon in such volumes that 
the boiling becomes violent, and a higher temperature is 
admissible. The damper is therefore again put up, and the 
fire is urged. From this ag to the time when the iron 
drops, the art of the puddler is exercised in equalising the 
rate of oxidation of the entire mass. If he allows any part 
of the iron to settle down on the hearth, or collect into 
a before the rest, the process will be delayed, and the 
product will be uneven in quality. 

A constant working with the rabble is therefore necessary, 
demanding no small amount of labour of an exhausting 
character. When all but the last dross of carbon has made 
its exit from the metal the boiling ceases, and at this stage, 
if the whole of the iron is equally disseminated throughout 
the cinder, and drops simultaneously, a good result may be 
expected. The impurities will be equally eliminated, and 
the entire mass may be gathered up into balls like snow. 
The puddler who can avoid the premature formation of 
crude lumps with any class of Zoe which may be given 
to him, is a man of no mean skill. 

I need not refer particularly to the operation of balling, 
although there is an art in it, and considerable labour. 
The only point here requiring notice is that at this stage the 
greatest waste of iron takes place. The principal source 
of oxidation, however, is now the free oxygen contained in 
the flame which passes over the hearth, whereas that of the 
metalloids had its origin almost entirely from contact with 
the liquid cinder. Oxide of iron will geokably not attack the 
elementary metal, because that would only be an atomatic 
interchange; but it will attack its contained impurities, 
forming at the same time a vehicle for carrying away that 
portion of them which assumes a solid or‘liquid form. I 
may here state that it has recently been shown that oxide 
of iron is unequalled by any other substance in attaining 
these objects. It is probable that none of the innumerable 
nostrums of ‘‘ physic ’’ confer any advantage on the process 
of puddling, except, perhaps, in two respects. One is the 
removal of sulphur, in which the oxide of manganese is said 

a useful part, and the other is the obtaining of 
fusibility in the slag, which is of importance, inasmuch as 
fiuid cinder is more easily extruded under the hammer or 
squeezer than that which is more refractory. 7 

We now come to the subject of rotary paddling, and I 
have made these preliminary observations because up to the 

resent time nearly all attempts at machine puddling have 
een on the principles which are at the root of the 
best methods of hand puddling. It is not necessary to go 
into the history of these various attempts, as this is to 
found elsewhere, but if we take the Danks furnace (which 
is probably best known) asa type, the mode of manipula- 
tion in it is neither more nor less than a mechanical imita- 
tion of what a skilful workman tries to effect under imper- 
fect and laborious conditions. The temperatures employed 





are similar, and the lining or fettli of the furnace is 
composed of similar materials. The o difference is that 
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revolving motion is applied as a substitute for the 
. By this circular construction the brick roof is, of 
course, abolished, and the entire circumference necessarily 
consists of fettling. It follows that the waste of this 
material is very considerable. 

This has been found so serious a matter that water casings 
have in some instances been resorted to. In the Crampton 
furnace, which has only one opening, this is easily effected, 
but in the Danks furnace, which has two open ends, there 
is a difficulty in devising a method for getting the water in 
and out. This, however, has su ‘ully accomplished 
at the Erimus Works, near Middlesbrough, with consider- 
able improvement as wear and tear, but with some 
inconvenience from cooling action when the lining gets 
thin. In addition to the waste of fettling, all the parts of 
the machinery are subject to rapid deterioration from the 
effects of heat, especially the outer rings or necks of the 
furnace, and in this respect the ci tion of water affords 
considerable protection, but the system is a complicated 
and expensive one in first construction, and there is an 
element of danger in the possibility that the metal might 
find its way through the inner shell into the water space. 

At Messrs. Hopkins, Gilkes, and Co.’s works, where there 
are several Danks furnaces now in daily operation, the 
water casing has not been adopted, but every endeavour 
has been made to simplify the construction, and make the 
outer rings capable of easy renewal. The cost of repairs 
is nevertheless very considerable. The quality of product 
from these furnaces is doubtless excellent, and the yield 
much better than ean be effected in the hand furnace, 
while the labour attending the operation is less, but in spite 
of these advantages, I am informed the cost of production 
is not diminished. Up to this point, in fact, the prospects of 
rotary puddling, however promising they may be in many 
respects, have undoubtedly Coon retarded by the drawbacks 
which I have described, along with others which I shall 
presently allude to. 

The a and Howson furnace is the result of wd 
trials undertaken with a view of overcoming these difficul- 
ties, and I propose to touch on those points of construction 
which have a relation to what appeared to be defects in 
other attempts to realise the desideratum of a good practi- 
cable machine. 

In the first place, the system of coal firing, old and estab- 
lished though it may be, is essentially objectionable in every 
respect. The smoke is an intolerable and incurable nuisance, 
and the waste of coal is a national loss. 

Having myself, in the pa 1868, experimented on pud- 
dling with eous fuel and jets of air with favourable 
results, its adoption was resolved upon. With a blow-pipe 
Low og constructed there is no visible smoke whatever, 
while it admits of the perfect regulation of heat to any 
grade, with the means of cutting it off altogether when it 
is not required. In addition to this, the focus of tempera- 
ture can be directed to the point where it is most wanted. 
Need I contrast this with coal firing? Is there any pro- 
prietor who has not shuddered to see the coal heaped on re- 
o— of cost, the flame ponies over the hearth without 

oing a tithe of its duty, and a long trail of black smoke 
issuing at the stack ? 

Adopting the blow-pipe system, some preliminary trials 
with revolving furnaces were made in the year 1875 with 
illuminating gas, which were successful, and led to the 
subseqnent trial of the more impure carbonic oxide gene- 
rated in a Brook and Wilson producer. It is sufficient to 
say that the latter gas, although containing a large per- 
centage of nitrogen, answers the purpose perfectly well, and 
the apparatus for generating it has the advantage of sim- 
plicity and small cost in first construction. 

The next point to be noticed with regard to revolving 
furnaces of the type hitherto adopted is this: The front 
opening of the revolving chamber necessarily requires to be 
large in order to get the ball out, and except in those fur- 
naces which have a stopped end, the back opening must be 
equally large, because the bridge is stationary, and suffi- 
cient room must be allowed for the entrance of the flame. 
The consequence is, there is no room for boiling, and the 
stationary rings have to be pressed hard against the revolving 
rings to prevent the contents of the chamber from flowing 
out. As it is, much of the cinder does find its way out be- 
tween the joints in spite of the closest contact that can be 
amp but it will be quite evident even to those who 

ve not witnessed the operation, that the grinding action 
which goes on when the furnace is in motion is a most 
serious defect, a defect which the heat tends at all times to 
aggravate, owing to the warping and cracking of the rings. 
So much is this the case, that it is found that 25 horse 
power nominal, or say at least 50 horse power actual, 
is barely enough to drive a 6 ft. machine ; whereas if the 
friction could avoided, one-third of that amount ought 
to suffice. Itis clear that if it is to be avoided at all, it 
can only be done by resorting to some other construction, 
and the object is, to a great extent, attained by adopting 
the inclined form of furnace. In this arrangement the 
working chamber is mounted on trunnions, one of which is 
hollow, and through its centre a shaft passes carrying a 
bevel pinion. This pinion drives a wheel keyed on the axis 
of the revolving pan, and on the other end of the trunnio 
is fixed a wormwheel actuated by a worm. The pan is 
thus capable of revolving in any position, and when there 
is a tendency to boil over, we have only to tilt up the pan 
by turning the worm. So also when the ball has to be got 
out, the pan is simply tilted till it falls out of itself, and 
when a new charge has to be put init is readily brought to 
the required position. It will be noticed that when the pan 
is in its working position, it orifice has no contact with 
any rubbing surface, and consequently there is no loss of 
— from Picton. 

spite of all these precautions it will be readily under- 
stood that the furnace may be still subject to come of the 
inconveniences of other systems. For instance, owing to 
the great heat, the lining may wear away fast, or the shell 
may get hot, or become warped, or the ebullition may be so 





violent as to defy all attempts to prevent nating avek, I 
have now, therefore, to point out how these di ties 
pon te te nin ie mitigated with some saving in the 
general wor s 
It is simply done by carrying out the early part of the 
rocess at a low temperature. The entire operations, may 


shortly described as follows: The metal is by preference’ to 


first melted in a cupola, or it may be taken direct from the 
blast furnace. The pan having been previously heated, 
the metal is transferred to the revolver, and while it is in 
rapid motion the whole of the fettling required for con- 
version is added to it by sprinkling in a ground state 
either absolutely cold or slightly heated. The fiuid 
iron thus with the oxide, becoming 
thereby at first thick and pasty. The chemical action 
however is so rapid that in a few minutes the mass becomes 
liquid again, and three-fourths of the silicon has now gone 
into the cinder, and a portion of the phosphorus. Up to 
this point, and for some time af , an excessive heat 
is not desirable, so that little or no gas is required, the 
internal combustion being generally sufficient. The iron 
assumes a granulated condition and the carbon escapes in 
jets of flame. 

While in this condition great precaution should be taken 
to prevent the grains from sticking together, and this is 
done, not by agitation, as in hand puddling, but by im- 
parting an extremely slow motion to the revolver. The 

rocess is one of soaking the metallic grains in a bath of 
iquid cinder at not too high a temperature. far 
therefore, the destructive action of long continued 
heat is moderated whilst a considerable portion of 
the work is done. The remainder up to balling must be 
effected with a higher tem ture. In addition to the 
chemical action set up by the use of oxides it must be ob- 
served that the air itself may be employed as an agent for 
refining, and it has been found that at the early part of 
the operation it renders material assistance. m nume- 
rous experiments in ing and puddling with air greatly 
in excess there seems no reason to doubt that a great part 
of even the phosphorus is eliminated by the agency of 
air itself in the — of cinder at moderately low 
temperatures. The air supplies the oxygen, and the 
nascent phosphoric acid is immediately sei upon by the 
cinder. The exact — of oxides and the exact 
volume of air most adapted to giving the best results I am 
at present unable to state. Good results have been ob- 
tained in several ways, and it is sufficient to say that 
experience so far clearly indicates the possibility of over- 
coming most of those serious difficulties which have [so 
much interfered with the progress of rotary puddling. 

At the beginning of this paper I ventured on the state- 
ment that if the ordinary process of puddling is not given 
up and re-established on an impro basis, then the iron 
manufacture of this country cannot maintain its position 
in its integrity. A = of it must necessarily be 
supplanted by the prod of the Bessemer converter, 
and, consequently, the introduction of foreign ores must 
increase to the detriment of our native mining industry. 

On the other hand, iron is better adapted t for 
many purposes, and for almost every class of manufacture 
except, perhaps, that of rails, there is still a wide field 
open for the puddling process, but it can only be kept open 
by improvement in quality and cheapness in price. 
these considerations s ily in view we cannot fail to see 
that the old method is inevitably doomed, and that me- 
chanical rabbling, which is at best only a poor substitute 
for handwork, will have an equally short period of 
existence. 

The revolving system, although up to the present its 
general introduction has been retarded by unforeseen diffi- 
culties, will eventually prove to be the true key to success. 
The quality of product which is obtainable by it meets 
exactly the wants of the trade, even to the extent of fur- 
nishing material for melting into steel on the open hearth, 
and this can be attained with the employment of pig. 
iron made from our native phosphoric ores. What is left 
to accomplish I have endeavoured to indicate. If I have 
not succeeded in showing the ultimate and exact method 
by which it is going to accomplished it is due to the 
fault, common to us all, of lack of knowledge. 





FOREIGN AND COLONIAL NOTES. 
Austrian pry vara Austrian telegraph officials 
have invented what they contend is an improvement upon 
the quadruplex one. They style their invention the 
multiplex telegraph. They make use of the Hughes per- 
fection apparatus. Four of the new apparatus can, it is 
stated, forward 240 telegrams in an hour. 


The Telephone in Australia.—Experiments made from 
time to time with the telephone in Victoria have been at- 
tended with considerable success. Conversation has been 
carried on between Melbourne and Albury (about 190 miles 
distant) and Melbourne and Ballarat (100 miles). The tele- 
phones in use were constructed in the Melbourne Telegraph 
Office, from descriptions of Professor Bell’s apparatus, 
which appeared in ENGINEERING. 


German Patents.—The German Patent Office received 
6424 applications for patents during the past year, a greater 
number than was applied for in any other country, except 
the United States. 


Railway Working Expenses.—It a from a mass of 
data collected upon the subject, that the ratio of the work- 
ing expenses of railways in various countries to their traffic 
receipts is as follows :—Italy, 62} per cent.; France, 54} 

cent.; Belgium, private lines, 614 per cent.; State 
ines, 73 per cent. ; Holland, 654 per cent. ; Great Britain 
and Ireland, 54 per cent. ; Switzerland, 484 per cent. ; 
Russia, 58 per cent.; Germany, State lines, 664 per cent. ; 
Spain, 42} per cent. 
Australian Railways.—The Government of New South 





Wales have accepted the tender of Messrs. Cornwell 
Mixner, and o., railway contractors, in New Zealand, and 
Victoria, for the (construction of a railway extension from 
Wagga Wagga to Albury, a distance of 77) miles. The 
works are to be finished in three Six tenders were 
sent in, that of the successful lerers, which amounted 
263,6551., being the lowest. 

The Poughkeepsie Bridge.—We learn on the authority 
of the chief engineer of the Poughkeepsie Com- 
pany, that work on that great structure is about to be re- 
sumed. temporary stoppage took place 
since on account of differences arising between the com- 
pany and the contractors, known as American Bridge 
Company. These differences have been adjusted by’ a sup- 
plementary contract. |p action just taken was a 
necessary in uence of increased expenses incu in 
carrying the fountations deeper than was originally con- 
templated. 

Belgian Railway Economy.—The Belgian Minister of 
Public Works has pronounced an opinion in one of the 
Chambers in favour of iron sleepers for railways, and of 

i with central passages as more comfortable for 
Pema od and less dangerous for ticket collectors. Last 

_ five ticket — — a aa an Pern in 

um, owin accidents arising from passing 
round the aeees for the purpose of taking the tickets. 

Steel Rails on the Grand Trunk.—In the course of last 

ear 42 miles of steel rails were laid down upon the Grand 
uk Railway of Canada. The correspondi i 
laid with steel in 1876 was 79} miles. Of the steel rails 


laid down last year, 30} miles were ish and 11} miles 
American. The correspondi ions in 1876 were 
82 miles lish, and 47} miles American. Mr. Hanna- 


ford, the chief engineer of the company, expresses. his 
opinion that the completion of the main line branches 
with steel rails will add to the stability of the permanent 
way and lessen the cost for maintenance. 

Port Adelaide.—The large and constantly increasing 
number of vessels visiting Port Adelaide is producing some 
inconvenience, and has induced the Local Marine Board to 
take action with a view to the provision of additional 
mooring accommodation. 


Drainage Works at Adelaide.— A deputation appointed 
by the Adelaide City Council:has waited upon the Sou 
Australian Commissioner of Crown i to ask the 


South Australian Government to assist in certain proposed 
drainage works for Adelaide, The ig de the commis- 
sioner was, upon the whole, favourable to the request of 
the council. Advantage was taken by the South Austra- 
ian Government of the presence of Mr. Clarke, hydraulic 
engineer, in Adelaide, to obtain from him a report upon 
the present water works and the best means of increasing 
the water supply of the town. Mr. Clarke proposes to 
supply some of the townships adjacent to Adelaide by means 
of separate works. 

The Victoria Bridge.—This J o~~ bridge has received 
more than its usual attention of late as vrei 
and renewal of the wooden superstructure. In addition to 
this, air ventilating shafts have been provided over each 
pier. The structure is officially reported to be in good 
condition. 

Water Supply of Christchurch (N.Z.)—A committee 
appointed by the Christchurch (New Zealand) City Council 
to consider the question of the water supply of the town 
has agreed to the conditions which the competitive plans 
for a water supply must fulfil, These conditions are, that. 
every scheme of water supply — for a daily 
consumption of not less than 1,000,000 gallons; that the 
maximum cost of any scheme must not be more than 
100,0001. ; and that the minimum force of water must be 
equal to throwing a jet of water 100 ft. high from a 1-in. 
. These conditions have still to be submitted to the 

ristehurch City Council for its approval. 

English ereres in Tennessee.—Messrs. Justice and 
Co., of London, have purchased for 190,000 dols. cash the 
La property in Stewart County, on the Tennessee 
river. e prope y is on the brown hematite belt of West 
Tennessee, which lies in some 13 counties. The ore is 
and free from sulphur and spermneree, La Grange con- 
sists of 40,000 acres of splendid timber land, large portions 
of which are underlaid by the fine ore just mentioned, 
There are two charcoal furnaces on the property. 

Bridges on the Grand Trunk.—In the course of last-year, 
iron bridges replacing brick and wooden. structures were 
erected as follows upon the Grand Trunk Railway of 
Canada: Beloit ving, 149 ft. ; Richby, 33} ft.; Richard- 
son’s Mills, 1034 ft. : Stark, 128 ft.; Bryant’s Pond Grade, 
21 ft. ; Swift’s Creek, 39} ft. ; Oxford, 35} ft. ; Worthley 
Brook, 273 ft.; Port Britain, 41} ft. id Road Bri 
West, 194 ft. Mr. Hannaford, the chief engineer of 
compan: rts, “‘ The cost of reb \in iron being 
now but, tittle in excess of the cost. of w a few years 
since, it would be desirable to proceed with the renewal in 
iron and stone of the wooden bridges of the Buffalo district.’ 

Russian Railways.—The aggregate extent of railwa: 
in operation in Russia at the close of 1877 was 19, 


versts. The corresponding extent of line in operation at 

the close of 1873 was 15,191 versts. The aggregate re- 

Set cnn bee oowkin 190,544,142 roubles, as com with 
932,593 roubles in 1873. It will be seen that the a 

receipts per verst increased from 8741 roubles in 1878 fo 

10 roubles in 1877. 

The Danube.—The Danube ome Commission 
has resolved to take up 350,0001. of a cred af eonre. 
granted to it by the Austro-Hungarian Par! mt. It 
appears that all obstacles are to be removed which impede 
navigation between Vienna and Pesth, It is not | 
that anything will be done near the Iron Gate until the 
ater vane 


the Lower Danube is definitely reopened. 
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THE CONSTRUCTION OF RAILWAYS 
IN JAPAN. 


In making railways in a new country—one of the 
colonies for instance—the difficulties to be met are 
chiefly scarcity of labour (both skilled and unskilled) 
and want of transport for materials. ‘These diffi- 
culties disappear when working in an old country like 
Japan, but other troubles have to be overcome in 
the peculiarities of workmen wedded for centuries 
to the most primitive and labour-wasting manner of 
performing their work, and in the Oriental, shifty, 


physique of the Japanese, in comparison with Euro- 
peans, may, however, have something to do with their 
objections to the handy wheelbarrow, as it is well 
known that the best men are required for that portion 
of the navvy’s work. In comparison with English 
labour, it would require three coolies to do the work 
of one of our navvies. The Japanese substitute 
for a spade is something like an elongated adze, 
used in a similar way, » Baar ade the earth towards 
the user. The coolies are as a rule willing and 
obedient, easily managed excepting in regular 


painful sight to see one man with a saw in shape like 
a very large butcher’s chopper, cutting away at a 
— tree. Planks and. earts so cut are very 
seldom true and uniform in thickness, In putting 
up Japanese houses, or in running up temporary 
sheds and buildings, these carpenters are equal to 
any workmen in the world, Straight, ordinary 
framing to pattern they do very well, but cannot 
maintain uniformity, truth, and squareness in their 
work, as they have never been accustomed to work 
in with other trades like the European carpenter. 








attendance at work, and some of them have great 
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pipe-smoking, and thoroughly unreliable native fore- 
men. These things necessitate constant attention, 
and if the engineer wants to feel satisfied as to the 
stability of the various works under his charge, he 
needs almost to sleep with one eye open and adopt 
the habits of the famous weasel. 

The Japanese coolies do not like wheelbarrows ; 
they will take off the wheels and carry the 
barrow like a sedan-chair, they will not run the 
barrow along a plank, but prefer to carry 
earth for farming, embankments, &c., in bags or 
baskets, one suspended from each end of a pole 
which is carried on the shoulder, The inferior 
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powers of endurance, especially in travelling long dis. 
tances. Their rate of pay is from 9d. to 1s. 1d. per day, 

The carpenters and joiners are much superior to 
the coolies, and mostly are very well-educated men ; 
they rank high in the Japanese social scale; their 
tools are few in number and simple in form, not 
adapted for work requiring to be true and uni- 
form. ‘The sawing and planing tools cut while the 
tool is being drawn towards the workman, and the 
Japanese carpenter will if possible arrange matters 
so that he can sit down comfortably to his work ; 
cross-cut and pit saws as here used are unknown, 





or at any rate not used, in Japan, and it is a most 





“FORMATION. 


work, he thinks that to make things lasting would 
destroy future chance of employment. The principles 
of framing and trussing are not und ; the form 
of roofs in their theatres and houses is barbarous 
and primitive in the extreme, and shows a complete 
ignorance of the most ordinary principles of con- 
struction. ‘The rates of pay for carpenters and 
joiners vary from 1s. 3d. to 1s. 8d.per day, Hewers 
and dressers of stone are per ny in Japan, but 
very few can lay claim to the title of mason. Dry 
rubble work is done very well in the country, but 
when mortar is used these men are not to be trusted ; 
in flushing up work solid, and making level and 
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true courses and bond, they require constant and 
careful supervision ; their wages are rather less than 
those of carpenters. Tile makers and layers, and 
plasterers, are plentiful, but their work is not good ; 
the plasterers mix straw instead of hair with their 
mortar, Bricklayers for bridges and stations re- 
quired to be trained by the European foremen ; the 
men so trained were mostly tile layers and masons, 
and at their best they were remarkably slow. For 
the various ironwork required for staging, &c., men 
were selected from the native ironworkers, and 
trained to European ways ; many of these men have 
turned out good and ly steady workers, but they 
invariably want to work the metal before the heat is 
up to welding. They turned out very useful under 
uropean girder makers, in rivetting up the 
numerous bridges, and some of them have received 
as much as 3s. to 3s. 6d. per day wages. 
Timber is plentiful but not durable. Trees are 
felled at all seasons of the year, no regard being paid 
to age or the proper time of felling, and no trouble 
being taken to season the timber. The wood most 
commonly used is “ matsu,” a soft fir (not unlike very 
common cedar) ; it decays rapidly, will not bear any 
| see strain, being short in the grain, and can be 
ught in large balks for about ls. per foot cube. 
Matsu is only suitable for floor boards, temporary 
sheds, and foundations always under water, in which 
place it is believed to stand very well. Another 
wood called “hinoki” isa beautiful white wood, 
tolerably free from knots, finely grained, and harder 
and more durable than matsu. felled at proper 
times, and care taken in seasoning it, hinoki could 
not be surpassed for the purposes of the carpenter 
and joiner ; it is almost as strong as the best Baltic 
fir timber, and can be bought in large balks for from 
1s. 6d, to 2s. per foot cube. 
There is another wood (‘‘keyaki”) used for build- 
ing purposes ; it is very hard and durable, but rather 
cross-grained ; this wood is beautiful in appearance 
and takes a fine polish. Keyaki can be obtained in 
large balks at from 2s, 6d. to 3s. 6d. per foot cube ; 
for panelling and inside work it is excellent, and 
can be used for the same work as oak and mahogany 
is used for in England, though it is not so durable 
as those woods. 
Stones for building purposes are at present not 
uarried to the extent that they might be. 
ranite is plentiful, and in small blocks cheap; 
it is the only stone in use at present that will 
weather well, There is a stone much used for 
ordinary purposes round Yokohama and Yedo; when 

uarried it is very soft, but hardens by exposure to 

eair, but itis not good enough for bridges and 
culverts, although its cheapness causes it to be used for 
ordinary houses, &c, Bricks have only recently been 
made in Japan; there is abundance of brick earth to 
be found, fuel is cheap, andin time bricks will super- 
sede the —— uses of stone, and in the towns the 
wood and lath-and-plaster houses. Very fair bricks 
can now be purchased for 35s. per thousand, and with 
a better knowledge of burning they will be in time 
bought for at least one-third less, Roofing tiles 
have been made for many years; they are nearly 
black in colour, very hard, and usually set in a very 
liberal allowance of mortar, Quaint forms of tiles 
are made for ridgesand eaves, All the known limes 
of Japan are very rich and cannot be used for the 
lower parts of bridges and culverts ; for these works 
large quantities of Portland cement have been im- 
ported from England at a cost of from 2ls. to 26s. 
per cask, freight and landing charges included. The 
native lime is as cheap as it is bad and uncertain in its 

uality. Iron is mostly imported from England ; 
there is a small quantity of native iron, excellent in 
quality, but far too dear for most commercial pur- 


poses, 

The actual cost of finished work on the Japanese 
railways is not known by the Europeans in charge, 
all contracts for materials and work having been ar- 
ranged by the native officials with a studied purpose 
of keeping the foreigner ignorant. of the prices paid. 
From many notes and careful inquiries made in 
various places, the following may »e fairly taken as 
prices at which work can be done, these rates in- 
cluding an allowance for the extra supervision re- 
quired for Japanese workmen, and a 15 per cent. 
profit.. Ordinary excavation for railway in cuttings, 
and forming embankments from ‘side cuttings, &c., 
at from 7d, to 8d. per yard cube, Brickwork in 
mortar composed of native lime, 25s. per cubic yard. 
Masonry in native lime mortar with rough coursed 
faces and rubble backing from 24s. per cubic yard. 
Carpenters’ work may be done at about the same 
prices as in England. Joiners’ work of equal 





quality to English work in mortices and beads, &c., 
may be taken at 10 cent, above our prices. 
Strong staging for bridge work is not cheaper than 
in England; but where small young timber or the 
plentiful, useful, and very cheap bamboo can be used, 
such work can be done at from one-third to one-half 
of our English prices. The wrought-iron girders for 
all the large bridges and nearly all the smaller ones 
were imported from England either in segments or 
whole according to convenience. One pair of 


main girders for a 50 ft. opening, and several | par 


smaller girders were built upin the yard at Kobé 
(from imported iron) by native workmen under 
European supervision; these girders compare favour- 
ably in workmanship with any of the finished 
girders made in England, but cost at least 20 per 
cent. more than the latter. 

The two ports of Yokohama (Kanagawa) and 
Kobé (Hiogo) are the starting-points for the short 
pieces of railway at present owned by the Japanese. 
At Yokohama anchorage for the largest ocean 
steamers is good and not far from the landing-place, 
only during very high winds and an occasional 
typhoon, is there any danger to vessels through 
their anchors dragging. The Yokohama and Yedo 
Railway starts from a point about one mile north- 
west of the Foreign Concession, follows the coast 
line for 5 miles, here it runs inland to 14 miles, and 
the remainder to 18 miles is an embankment on the 
shore at about low-water line ; the line stops at 
Shinbashi, a suburb of Yedo. It is proposed to 
extend the railway through the city, and when this 
is done an enormous local traffic will be the result.* 

Kobé (Hiogo) was not opened to foreign commerce 
until 1868. The anchorage here is better than at 
Yokohama, the harbour is well protected and safe 
in all weathers, excepting, of course, during the 
dreaded, but not frequent typhoon. Osaka, the 
second city, and greatest trading place in the empire, 
is situated on the delta of the River Yodo. Junks 
and small steamers only can approach the city. 
Ocean steamers and sailing vessels have to anchor 
outside the bar (formed by deposit brought down by 
the rivers) two or three miles from land, and in conse- 
quence of this difficulty, Kobé was selected as the 
starting-point for railways in this part of the 
country. When Japan is freely opened to commerce, 
Kobé will become the |most important town for 
maritime trade; it is nearer than Yokohama to 
Hong-Kong, Shanghai, and other China ports, while 
it is well in connexion with all ports on the inland 
sea, and centrally situated for the richest districts and 
most thriving population of the country. There are 
extensive copper and silver mines near Kobé, and un- 
mistakable indications of large quantities of coal. 
Docks and wharves in connexion with the railway 
could, with comparatively small expense, be made 
sufficient for an immense number of vessels. 

The railway starts from a jetty (built 150 yards 
into the harbour of Kobé) and runs on a curve 
round the native and foreign settlements, and 
almost parallel with the coast to Osaka, passing 
under three rivers and over the Muko, Kansaki, and 
Jusho rivers; after touching the outskirts of Osaka 
the line curves to the left, recrosses the Jusho and 
Kansaki rivers over numerous watercourses and the 
Katsura river, and terminates at the southern out- 
skirt of Kioto (Miako), the third city of the 
empire. Figs. 3 to 5 on the previous page show the 
sections adopted for embankments and cuttings; 
on the portions constructed the earthworks are made 
for a double line of way, and the formation is 10 ft. 
wider than shown on the sections, this extra width 
allowing for 6 ft. between the inside rails of each 
road. At present no rock cuttings have been met 
with, and with the exception of the last four miles 
on the Yokohama-Yedo line, no formation works of 
any exteut or magnitude have had to be executed. 
The earth from cuttings and to embankments was 
carried in bags, the banks being formed in layers 
about a foot thick; where the distance was great 
some small hand and bullock carts with solid wooden 
wheels were used. Women and children were 
frequently employed in carrying earth from side 
cuttings to embankments; these were mostly paid 
according to the number of bags carried, and re- 
ceived a ticket from a native ganger each time they 

ed with their two bags or baskets of earth. 
‘he portion built near Yedo was formed almost 
entirely of stone pitching, protected on the sea face 
at the foot by rows of small round piles; during a 
very high wind, or when a typhoon is about, the 
waves wash over this portion of railway, and cause 

* Large steamers cannot approach close to Yedo owing 








to shallow water, &c. 





serious delay to the traffic. The stone for this em- 
bankment was brought in boats from various places 
in the neighbourhood. The culverts, bridges, and 
viaducts, considering the short distances, are very 
numerous, partly owing to the complicated system 
of nativeirrigation. For nine miles hoon Yokahama 
the foundation for work is good, but from this nine 
miles to Yedo the bottom is soft to a great depth. 

The largest bridge or viaduct is over the Rokugo 
river, about 10 miles from Yokohama. During most 
t of the year this river is about 100 yards wide 
and 8 ft. deep where the bridge crosses ; during the 
wet season the water at times rises as much as 15 ft., 
and flows up to the flood banks built about 
800 yards apart. The new bridge consists of six 
spans of 100 ft. centre to centre of piers, and twenty- 
four flood spans of 44ft. centres. The subsoil 
consists of about 60 ft. of soft loamy clay, with 3 ft, 
of shingle on top in the river, and 13 ft, of shingle 
on top over the flood portion. It was considered 
sufficient to carry the piers of the flood openings 
about 5 ft. into the shingle, and to build them on a 
thick bed of Portland cement concrete ; these piers 
are mostly.of masonry. The river-side abutment 
is on four brick wells, 12 ft, outside diameter, (see 
Fig. 6 on previous page) built just above low-water 
line ; arches were then built from well to well, and 
face and wing walls 6 ft, thick were carried up solid. 
The three next piers consist each of two cast-iron 
cylinders 8 ft. in diameter, built up in segments 13 in. 
thickness of metal, placed 24 ft. 6 in. centre to 
centre; the next two piers consist each of two 12 ft. 
brick wells up to low water, and above that tapered 
to 8 ft, diameter in solid ashlar masonry to corre- 
spond in elevation with the cast-iron cylinders. The 
pier where the 100 ft. spans join the 44 ft. pans is of 
two 12 ft. wells to low water, an arch turned from 
well to well, and a pier 6 ft. thick carried up solid to 
the girders. All these wells and cylinders are carried 
down to the bottom of the loamy clay on to hard foun- 
dation, and filled up with concrete. There are three 
viaducts on the Osaka-Kioto section having piers on 
12 ft. brick wells. ‘The Jusho consists of five 100 ft. 
spans, the Kansaki of thirteen 100 ft. spans, and the 

atsura of twelve 100 ft. spans, all from centre to 
centre of piers. The piers and abutments are built 
for double line, but girders are only placed for single 
line. Each pier consists of two wells up to low water, 
an arch turned between them, and a pier 6 ft. thick 
carried up solid in brickwork with granite quoins; 
these wells were carried down below water level at 
the Jusho 70ft., at the Kansaki 40ft., but at the 
Katsura only a few feet below bed of river, as the 
bottom was good and wells barely necessary. In 
sinking these wells, many kinds of dredgers, sand 
pumps, and patent excavators were used; none of 
them failed in performing the work for which they 
were specially recommended, but no great success 
can be accorded to any one of them during the 
progress of the works. The most successful and 
economical dredger used was one designed by one 
of the resident engineers, Mr. J. Diack ; it was easily 
repaired, and the portions worn away were quickly 
and economically renewed. It was found necessary 
to heavily weight the wells with rails to keep them 
sinking at the same speed that the excavation pro- 
ceeded. On one occasion, when through want of 
attention the excavation was several feet below the 
well curb, the well suddenly dropped 6 ft., but with- 
out any serious damage to the wellor staging. The 
experiment was tried of building rings of brickwork 
about 3 ft. deep, allowing the mortar to set, and carry - 
ing them with Goliaths and traverses to the different 
wells ; but this was found to ke both costly and dif- 
ficult in execution, and building the wells course on 
course in ota poaree the best and most economical ; 
very little difficulty was found in keeping the wells 
vertical during their descent. All the 100 ft. girders 
were put together on the sides of the rivers and 
carried by two travelling Goliaths (worked by hand 
labour) to their different positions on the piers. 

The main girders are of the single lattice or Warren 
type, placed 15 ft. apart for single line on the Jusho, 
Renzeki, and Katsura Bridges, and 22 ft. apart for 
double line on the Rokugo Bridge. The cross 
girders are fish-bellied plate beams, placed 5 ft. 6 in. 
from centre to centre, laid on the lower booms of 
main girders. The permanent way is carried by a 
running timber 14in. by 9in., bolted to the cross- 
girders. As all the large rivers are above the level 
of the surrounding country, all these bridges are 
approached by inclinesof 1 in 100. The flood banks 
are always more or less in a us condition, 
and occasionally give way, doing terrible damage to 





crops, and at times there is loss of many lives. In 
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consequence of this the railway embankment at 
places was made above the highest known flood, and 
well protected against wash ; this necessitated the 
construction of numerous flood arches and girder 
openings to allow for the passage of flood waters, 
The arches were 15 ft. span, one-fifth rise, the piers 
3 ft. thick, and thickness of arch 18in. Where the 
bottom was bad 9 ft. brick wells were sunk, and 
wrought-iron plate girders 36 ft. span were thrown 
over, one girder under each rail, a running timber 
14in. by 7in. bolted on top of each girder carries 
the permanent way. In some instances a single 12 ft. 
well was used for each pier of these 36 ft, spans. 

Three large rivers are crossed over between Kobé 
and Osaka ; the largest bridge is of eighteen spans of 
70 ft. each from centre to centre of pier; each pier 
consists of two hollow wrought-iron screw piles 
2ft. 6in. in diameter, 17 ft. apart, and connected 
above ground by iron lattice framing. These piers 
are far from being steady, those in the Jusho being 
the worst, The girders are of the Warren type. 

Three watercourses are passed under between five 
and six miles from Kobé ; two of the tunnels under 
these watercourses are for single line, and one for 
double line ; they are of the ordinary form for 
tunnels with inverts and have top arches 18 in. thick, 
all in brickwork in cement, These watercourses are 
nearly dry for the greater part of the year, and 
only a small temporary channel was necessary during 
the progress of the tunnels; the tops and sides of 
the arches are well covered with puddle 18 in. thick, 
and as yet have not shown the slightest sign of 
leakage. 

The iron jetty at Kobé is built of solid wrought- 
iron piles 6 in. in diameter, with cast-iron screws 
2 ft. 6 in. in diameter. Longitudinally thirty-one 
rows of piles are 15 ft. apart, and transversely 
four rows 13 ft. 4in. apart, braced together by rods 
in all directions ; each pile has a cast-iron cap, and 
transverse wrought girders 15 in. deep are fastened 
on top; above these are longitudinal running timbers 
and 4 in. planking. There are three lines of rails 
over this jetty, and a trasverser for trucks at the 
outer end, A heavy goods traffic is springing up in 
connexion with native-owned steamers running to 
Yokohama, Toza, &c., and with junks to and from 
the inland sea. Owing to the frequent and at times 
severe shocks of earthquake in Japan, it has not been 
considered safe to attempt building large spanned 
arches for any of the bridges, although no ge 
whatever has been done to any of the works at 
present executed. The stations at Yokohama and 
Yedo have been built, with a supposed view to 
earthquakes, of timber framing filled up and faced 
with stone, The two largest and most convenient 
stations are at Osaka and Kioto ; both these buildings 
are of red brick with granite dressings ; the latter 
kind of construction is undoubtedly the best to 
resist any movement by earthquake or otherwise. 
The mixture of timber framing and stone has been 
adopted in most of the foreigners’ dwellings, hotels, 
&c.,in Yokohama. The result is that no place is 
either wind or water-tight, and there is a generally 
shabby appearance to all the houses, &c., owing to the 
timber framing giving wayordecaying.. One can only 
account for this very unworkmanlike system of 
construction of buildings by crediting with the 
origin of it a native carpenter who had once seen 
a picture of a European house. 

The rails between Yokohama and Yedo, and Kobé 
and Osaka, are double-headed, 661b. to the yard, in 
section of the form usual in England, fixed in cast- 
iron chairs with spiral steel or wooden keys, on 
cross timber sleepers 7 ft. by 9in. by 44 in.; good 
*“ hinoki” sleepers of these dimensions, that will 
last seven or eight years in fair situations, can be 
— for about 2s. each. At first the double- 
headed rails were fixed on cast-iron pot sleepers, 
but these made a very rough road, and required 
constant attention. The rails between Osaka and 
Kioto are flat-bottomed and fastened to cross 
sleepers by coach screws and dog spikes. Many 
difficulties that at first seemed great, vanished al- 
together as the native workmen and the engineer 
came to understand each other; many mistakes 
occurred, but a remarkably good feeling always 
existed between the native and foreign officials, 
That the first piece of railway to Yedo was so 
Setisfactorily completed may be considered almost 
a miracle. The Japanese were very eager to have 
the railway opened, many of them had been to 
America or Europe for a short period, and re- 
turned full-blown engineers, while sundry persons 
from all parts of the globe in search of a job, and 
willing to undertake any position from prime 





minister to fourth engineer on a steamboat, were 
continuous in their criticism of the trained English 
engineer, and in forcing their wonderful notions on 
the too willing Japanese. Rather serious mistakes, 
too, occurred in putting the single line on the centre 
of the double line formation, and in the wonderful 
arrangements of sidings at Yokohama and Yedo 
stations. These arrangements may be described as 
consisting of all points and crossings: they have now 
been taken up and the yards properly laid out, 
while the former mistake was rectified while the 
line was oe ee but not without serious 
expense, At first many curves, otherwise unneces- 
sary, were made to avoid the numerous shrines and 
burial places; but after a time the natives agreed 
to the removal of these places where found neces- 

to the economy of railway construction. 
Though the rivers are numerous, the depth of scour 
can easily and accurately be obtained.* 

The climate is healthy, and only during two months 
of the year does the European find the weather 
enervating or oppressive. Food is cheap, the 
natives live on rice and fish, but the European can 
easily (except far inland) obtain excellent beef and 
bread, The engineers who have been employed in 
Japan will always remember the time with plea- 
sure and gratification at the general use made of 
their works, and the t appreciation shown by the 
natives of this far-off and delightful country. If 
those thus engaged have any regrets, it is because 
the Japanese ore not been able to extend their rail- 
ways throughout the country, it is hoped that they 
will make a great effort and complete the system 
already shadowed out; when this is done, Japan 
will have formed the best and most necessa 
stepping-stone towards becoming one of the civi- 
lised nations of the earth, 








THE LAW OF INTERNATIONAL 
TELEGRAPH TRAFFIC. 

A LAW expressing the relation between the extent 
of telegraph traffic and the commerce of two distant 
countries is a thing to be sought out, and can be 
made practically useful. For instance, knowing the 
extent of trade between two countries between 
which it is contemplated to establish telegraphic 
communication, the law would furnish an estimate 
of the telegraphic traffic likely to employ the new 
line. It has been an object of Mr. C. L. Madsen, of the 
Great Northern Telegraph Company, Denmark, for 
a number of years, to discover such a law, and he 
has succeeded at length in stating an empirical 
formula which agrees very closely with actual 
statistics of international trattic, It was deduced by 
him from seventy-seven different groups of data, 
composed of the traffic and trade between different 
situated countries. The principal fact upon whic 
such a law is founded was first pointed out by Sir 
James Anderson. It is that by far the greater 
number of all international messages, under ordinary 
circumstances, relate only to the commercial business 
done. In a paper to the Society of Telegraph 
Engineers, read at the ordinary meeting on April 
10th, Mr. Madsen called the attention of English 
telegraphists to this law and the manner of its 
formation. In the formation of the law, Mr. Madsen 
took as his most reliable and best data the statistics 
of traffic, both telegraphic and commercial, between 
England on the one hand and Norway and Sweden 
on the other, the two latter countries being about 
equidistant from England, The law is expressed 
thus : 

T=C{/V.N+Ni+Na} R (1) 

Where T denotes the number of telelegrams. between 

any two countries L L,. 


eS « a variable coefficient. : 
22 value of trade expressed in pounds 
sterling. 
- tonnage of vessels engaged in the 
oon trade between two countries 
Le 
Njand Ny ,, to of vessels belonging to either 


of the countries L L,, and ed 
__in the carrying trade of I, and L. 

The factor {/V.N+N,+N,}, or commercial 
factor, expresses in what Mr. Madsen calls com- 
mercial units, the total amount of commercial traffic 
however composed, It comprises both the value 
and transport of goods. The variable coefficient 
© expresses the ratio between the telegraphic traffic 
and the commercial, It therefore comprises all the 


* All ore: pl beeen) _ oe were 

i about 10 per cent. stronger ish work. 
ps for the various deficiencies in native workman- 
ship and ma * 











elements, of whatever nature, which influence the 
telegraphic traffic for a certain amount of commerce. 
Mr, Madsen found that the coefficients for traffic 
between countries similarly situated with respect to 
each other were very much alike; and. from an 
examination of different countries grouped accord- 
ing to geographical situation, he elicited the fact that 
the coefficients are in inverse proportion to the dis- 
tance between the countries, or, in other words, the 
telegraphic traffic between two countries is in direct 
proportion to the amount of the commercial traffic 
expressed in commercial units, and in inverse pro- 

rtion to the distance between the two countries. 
This is a very simple law. Each coefficient C, 
therefore, splits up into factors, an invariable one 
d, the distance between the commercial centres of 
gravity of the two countries, and a variable one ¢. 
which depends on the state of the telegraphic and 
commercial organisation, and on the general inter- 
national intercourse. From year to year it increases 
and indicates the progress going on. Expressed as 
an equation : 


o=s Ris <p 

Assuming the condition of the means of international 
communication at the period when the international 
telegraphs began to work to be equal to 1, and the 
annual progress afterwards made to be equal to p, 
Mr. Madsen then gives the complete equation for 
telegraphic traffic at the end of » years as follows: 


—(100+p)n wnt 
Tna= coor a AN VN+NAN, oe 


If in this equation the progress p or the time #, or 


TY | both, are taken equal to 0, then we have the normal 


equation for the international telegraph traffic : 
1 a 
T=5 {VV.N+N+N, } (4) 


The general increase of re gr traffic, then, de- 
pends on two factors, namely, the progress or im- 
provement p, andthe commercial units U ; and if 
these factors are found to increase equally for a 
number of years, the telegraph traffic for the next 
period may be calculated to advance under similar 
circumstances according to the equation : 


(100 + p)2n 
T(1855+0)= os q (01865) 
In this equation the year 1855 is arbitrarily chosen 
as the beginning of the period in question, and the 
trade, shipping, and general condition of international 
intercourse, &c., during that year is taken as a basis, 
It is interesting to learn from Mr, Madsen that the 
progress achieved in international intercourse since 
the year 1855 is, as nearly as can now be determined, 
equivalent to areduction of international distances 
by one-half or one-third, in other words, a given 
number of commercial units employed in the same — 
trade produce now _o wan — — times the 
number of telegrams they wenty years ago. 
Another interesting fact brought to light by these 
researches is that the increase of telegraph traffic 
for a given amount of commerce as years go on, is 
not nearly so much the effect of modifications in the 
tariff of messages, as of improvements in the service 
itself tending to additional safety and rapidity in the 
transmission of messages. Until the various 
elements which go to e up the factor p are more 
perfectly defined, it will not be possible to determine 
the exact effect of a erier ys erie te poy 
This is, however, a point of grea import- 
ance, and it is to her hoped that tis Madsen will 
continue the work which he has so successfully 
begun, and, by further analysis of the mass of 
statistics which are constantly accumulating, will 
arrive at a fuller and more complete expression of 
the general law he has given us. 
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AMERICAN IRON AND STEEL WORKS. 
By A, L, Hoiiry and Lenox Sura. 
No, XXIII.—Tue Works or tHe Epcar Txomson 
SreeL Company (LIMITED)—concludsd. 

The Cold Sawing Apparatus is shown by Figs. 1 
to 9 on the next page. Fig. 1 shows the engine 
fly-wheel, which makes 225 revolutions per minute, 
and a side view of the sawing machine and feed- 

ulleys, ‘The saw makes 1800 revolutions per minute. 

ig. 2 is a front elevation of the sawing machine, 
he of the vice yiich eee Se ee be sawn, 
Fig. 3 is a gro of the whole a 5 
Cold saws have long used in the United States 
Their defects have been chiefly such a want of 
rigidity that the saw. would “run,” iz. not saw 
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COLD SAWING APPARATUS AT THE WORKS OF THE EDGAR THOMSON STEEL COMPANY. 





straight; also want of durability ; also a complica- 
tion of belts and pulleys in order to get high speed 
of saw. In the designing of this sawing apparatus 
(which has attracted ace | attention and has been 
largely copied here and abroad), it was attempted 
to overcome all these defects, and with entire 
success, A single high-speed belt drives the saw ; 
the framing is so massive, and the saw and the parts 
which move vertically with it are so perfectly fitted 
and rigidly counterweighted, that the saw runs truly, 
and will cut a slice a sixteenth of an inch thick off 
the end of a rail. The bearing surfaces are ex- 
cessively large, and the saw arbor is ground to 
perfectly cylindrical shape. ‘The engine is the 
celebrated Porter-Allen engine, which runs at very 
high speed with less repairs and much greater 
economy than ordinary engines run at low speed, 
and which is rapidly becoming a favourite engine in 
the United States. Fig 4 is a plan, and the figure 
above it is a side elevation of the carriage which 
takes the rail to the cold saw, and also of the stops 
—- which the rail is rigidly set when sawn. 

igs. 5, 6, and 7 show details of the stop. A 60 lb. 
(per yard) steel rail may be sawn in three-quarters 
of a minute, but it is found best to occupy from 1 to 
1} minutes in sawing a rail. The saws are very soft 
steel, or very fine wrought iron ; they have no teeth, 
and their gradual failure is from cracking on the edge 
rather than from wear. 

Rail Drilling Machine.—We give on the opposite 
page views of one of the multiple drilling machines 
used at these works for drilling rails. As will be 
seen;from our engravings, the machine has three drill 
spindles, one of these being fixed and the other two 
being adjustable at different distances from the fixed 
spindle. The manner in which the spindles are 
carried and the arrangement of their driving gear 
will be readily understood from our engravings. It 
will be seen also that all three of the spindles run in 
brackets carried by a slide moving vertically, the 
movement of this slide being controlled by the feed 
gear, so all the drills are fed to their work simulta- 
neously. 

The Water Supply is brought from the Mononga- 
hela river, a distance of 1800 ft., through a 20-in. 






































glazed sewer pipe. Entrance piers and gates are 
placed at the river bank, and the pipe throughout 
its length is placed at such an incline that the water 
will flow at the lowest stage of the river, into a well 
near the works. ‘Two Worthington duplex pumps, 
each 20 in. by 7} in. by 15 in. stroke, are placed at 
this well, and take steam from the main boiler- 
house through a valve moved by a float in the 
receiving tank. An 8-in. pipe discharges from these 
pumps into a 20,000 gallon tank, from which supply 
pipes are led to the pumps in the works. Another 
similar tank is placed on the ground in rear of the 
works, 

The Machine Shop, which has a storeroom, a 
laboratory, and engineers’ and clerks’ office in the 
same building, contains one 54-in. and one 68-in. 
lathe for roll turning, one 30-in. and one 16-in. lathe, 
a 30-in. planer, two drill presses, a pipe cutter, a 
screw-cutting machine, and other small tools, all 
driven by a 12-in. by 18-in. engine. 

Production —The following statements give the 
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complete monthly production of the works since they 
were started. 


The Edgar Thomson Steel Works.— Production during 


























the Year 1876. 

Month. Ingots. |Blooms. | Rails. | Billets. 
January... 2,550 | 2,472 2,055 2 
February ... 2,407 2,199 1,810 19 
March 4 4,246 3,497 2,800 73 
April | 4,026 3,565 2,652 45 
May ... ots e.| 5,403 4,663 | 4,128 248 
June : «| 4,290 3,938 3,346 41 
July ... - 4,510 4,293 3,548 117 
August wb 4,796 4,758 3,873 112 
September ... 4,239 4,348 3,641 46 
October... | 4,980 4,729 | 3,923 77 
November (3 days) 665 839 450 202 
December ... dad 

Total ... 42,112 | 39,311 32,226 1032 





STATEMENT OF PRODUCTION OF WORKS DURING THE YEAR 1877. 
































-— Ingots. Blooms. | Rails. Billets, | Total Bails ant 
January on . 6,372'980 56519038 | 4,59139°0 140°437 4,71210°7 
February... ewe 5,993214° 5,451? 928 4,47492 o 1820¢78 4,6563°7° | 
March... ww.  «. eee 8,002256° 7,2672348 5,3550469 mapreo 5,5714*7 
April «ws oo ate 6,0411040 5,425°48? 4,319°%6° 2150608 4,5347*78 ° 
May 20 uve ees eee 6,0211°8° 5,450°6*2 4,518°72* 3561522 4,875000° | 
Be os... unic te nh 3,973079° 4,046007275 310200 4,356207275 
July ... ~~ a 3,042? 980 2,7419740 2,14g10781% 2450284 2,gggrosett 
August | | egrere 3,9631500 | 3,690?28«¥5 2941268 8975022215 
September <7 4,491°15° 4,1073549 | 3,133125915 3570980 3,490229018 
October | B, 1742900 4,658°540 | 3. 7050seat's 4300620 4,135222275 
November owes 7,169°05° 65871769 =| = §,20g°724 4000530 5,603" aast8 
December A 2 2 4,437°53° | 4,15199°° 3,6741188%5 3141870 9,9990815T8 
Total ose wal 65,4273448 59,4283 538 | 48,s269993? 34643349 52,29199885 
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RAIL-DRILLING MACHINE AT THE WORKS OF THE EDGAR THOMSON STEEL COMPANY. 
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oe The exhibit made by this company at Philadelphia 
one), eee)” \ in 1876 was a very interesting and practical display 
a fe \ of incidental and finished products, consisting of 
feof gern 9B eee ingots, blooms, forgings, and rails, Among them 
were two four-rail ingots, not forged or rolled, 
be snf weighing 2800 Ib. each, which were remarkable for 
SIS soundness ; an ingot produced under W. R, Jones’ 
i process of compression by steam, which showed 
St great solidity ; a four-rail bloom weighing[2700 Ib. ; 
oz \! a number of a gem locomotive forgings which 
Ass —— Nf were well finished, and an extensive display of rails. 








The notable feature of the exhibit was a rail, 62 1b. 


d ft. long, and weighing 2500 lb., which 
The Edgar Thomson Steel Works.—Statement of Metal | Slatement of Finished Product Made since the Completion oak ee = be tha lonauen ont + ent steel rail 














charged in Cupolas and Converters during the Year 187. of Works. a in the world ; also two rails, 62 Ib. per yard, one of 
During four months 1875... = 6,5612210 which was 98 ft. and the other 81 ft. 5 in, in length, 

Pig metal... a — o  ... »: 206... . ne See These three rails contained 0.30 per cent. carbon each. 
Scrap... ie va ae 12'9281439 16° a es re i 52,29100088 Another rail 60 lb. per yard, 56 ft. long, contain- 
Spiegel and ferro-manganese ... 65382093 g44 ise Be ing 0.28 per cent. carbon, had been twisted twenty 
Total... - 91,6003330% complete revolutions cold, and showed no tendency 

Total eee one 77,4552 292 100 Of the product ‘of 1877 theve was ‘9788 per cent. first to crack. Another interesting feature of the exhibit 

quality rails, and 2"? per cent. second quality rails. was a piece 20 ft, in length of the first rail rolled at 
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thes- works. It contained 0.28 per cent. carbon, 
and had been twisted cold without any flaw. There 
were alsotwo 30-ft.rails, weighing 60 1b. and 67 lb. per 
yard respectively, which were éxhibited without cold 
straightening, as specimens of the process of the hot 
straightening. The exhibit was a forcible demon- 
stration of good practice, powerful machinery, and 
excellence of finish. 





HUGHES'S MICROPHONE. 
On the Action of Sonorous Vibrations in varying the 
Force of an Electric Current.* 
By Professor Huaies. 

Tux introduction of the telephone has tended to develop 
our knowledge of acoustics with great rapidity. It offers 
to us an instrument of great delicacy for f er research 
into the mysteries of acoustic phenomena. It detects the 

resence of currents of electricity that have hitherto only 

n suspected, and it shows variations in the strengths of 

currents which no other instrument has ever indicated. 

It has led me to investigate the effect of sonorous vibra- 
tions upon the electrical behaviour of matter. Willoughb, 
Smith has shown that the resistance of selenium is aff: 
by light, and Bérnstein has led us to believe that many 
other bodies are similarly affected. We know also that the 
resistance of all bodies is influenced by heat. 
Sir William Thomson and others have shown that the 
resistance to the passage of currents offered by wires is 
affected by their being placed under strains, and, inasmuch 
as the conveyance of sonorous vibrations induces rapid 
variations in the strains at different points of a wire, I 
believed that the wire would vary in its resistance when it 
was used to convey sound. To im te this I made a 
rough-and-ready telephone, with a bar magnet 4in. 
long, half the coil of an magnet, and a 
square piece of ferro-type iron, 3 in. square, clamped 
rigidly in front of one pole of the magnet between two 

ieces of board. When using the pendulum beats of a small 
French clock, or the voice, as a source of sound, I found 
this arrangement ee me with an extremely delicate 
phonoscope or sound detector. 

All the experiments detailed in this paper were made 
with the simplest possible means, and no apparatus of any 
kind constructed by a scientific instrament maker was em- 

loyed. The battery was a simple Daniell’s cell, of 
Minotto’s form, made by using three common tumblers, a 
spiral piece of copper wire being at the bottom of 
each glass and covered with sulp of per, and the 
glass being then filled with well-moistened clay water. 
A piece of zinc as the positive element was placed upon the 
clay. Insulated wires were attached to each plate, and 
three of these cells were joined in series. All experiments 
were made on a closed circuit, the telephone being used as 
a phonoscope to detect variations in the current and the 
co uent reproduction of sound. The apparatus, or 
materials experimented upon, were used in the same way 
as the transmitter of the speaking telephone of Bell. The 
annexed sketch, Fig. 1, will make this clear, as it indicates 
the relative resistance of the battery, the source of sound 
or material examined, and the telephone or ph Pp 

I introduced into the circuit a strained conductor— 
a stretched wire—listening attentively with the telephone 
to detect any change that might occur when the wire was 
spoken to or set into transverse vibrations by being plucked 
aside. ually, till the wire broke, the strain was varied, 
but no effect whatever was remarked except at the moment 
when the wire broke. The effect was but momentary, but 
invariably at the moment of breaking a peculiar ‘‘ rush’’ or 
sound was he: I then sought to imitate the condition 
of the wire at the moment of rupture by replacing the 
broken ends and pressing them her with a constant 
and varying force by the application of weights. It was 
found that if the broken ends rested upon one another with 
a slight pressure of not more than one ounce to the square 
inch on the joints, sounds were distinctly reproduced 
although the effects were very imperfect. 

It was soon found that it was not at all necessary to join 
two wires endwise together to reproduce sound, but that 
any portion of anelectric conductor would do so even when 
fastened to a board or to a table, and no matter how com- 
plicated the structure upon this board, or the materials 
used as a conductor, provided one or more portions of the 
electrical conductor were’separated and only brought into 
contact by a slight but constant pressure. Thus, if the 
ends of the wire terminate in two common nails laid side 
by side, and are separated from each other by a slight space, 
were electrically connected by laying a similar nail be- 
tween them. sound could be reproduced. The effect was 
improved by building up the nails log-hut fashion, into a 

uare configuration, u-ing ten or twenty nails. A piece 
of steel watch chain acted well. Up to this point the sound 
or grosser vibrations were alone produced, the finer inflec- 
tions were missing, or, in other words, the timbre of the 
voice was Wanting, but in the following experiments the 
timbre became more and more perfect until it reached a 
perfection leaving nothing to be desired. I found that a 
metallic powder such as the white powder—a mixture of 
zinc and tin—sold in commerce as ‘‘ white bronze,’’ and 
fine metallic filings, introduced at the points of contact, 





greatly added to the perfection of the result. 

At this point articulate speech became clearly and dis- 
tinctly reproduced, together with its timbre, and I found 
that all that now remained was to discover the best material 


and form to give to this arrangement its maximum effect. 
Although I tried all forms of pressure and modes of con- 
tact, a lever, a spring, pressure in a glass tube sealed up 
while under the influence of strain, so as to maintain the 
pressure constant, all gave similar and invariable results, 





® Paper read before the Royal Society. 








but the results varied with the materials used. All metals, 
however, could be made to produce identical results, pro- 
vided the division of the metal was small enough, and that 
the material used does not = contact —_ the air 
filtering through the mass. us um mercury 
are very excellent and yee ge in their results, whilst 
lead soon becomes of such high resistance, through oxidisa- 
tion upon the surface, as to be of little or no use. A mass 
of bright round shot is peculiarly sensitive to sound whilst 
clean, but as the shot soon become coated with oxide this 
sensitiveness ceases. ‘bon again, from its surface being 
entirely free from oxidation, is excellent, but the best 
results I have been able to obtain at present have been 
from mercury in a finely divided state. I took a compara- 
tively porous non-conductor, such as the willow charcoal 
a by — oe — it my to a 
white heat an en suddenly plunging it in mercury. 
The vacua in the pores, camel by the sudden cooling, be- 
come filled with innumerable minute globules of mercury, 
thus, as it were, holding the mercury in a fine state of 
division. I have also tried carbon treated in a similar 
manner with and without platinum deposi 
the chloride of platinum. 
from the willow charcoal heated in aniron vessel to a white 
heat, and containing a free portion of tin, zinc, or other 
easily vaporised metal. Under such conditions the willow 
carbon will be found to be metallised, having the metal 
distributed throughout its pores in a fine state of division. 
Iron also seems to enter the pores if heated to a white heat 
without being chemically combined with the carbon as in 
graphite, and, indeed, some of the best results have been 
obtained from willow charcoal containing iron in a fine 
state of division. 


ted upon it from 
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Pine charcoal treated in this manner (although a non- 
conductor as a simple charcoal) has high conductive powers, 
due to the iron; and from the minute division of the iron 
in the pores, is a most excellent material for the purpose. 

Any one of these preparations confined in a glass tube or 
a box, and provided with wires for insertion in a circuit, I 
call a ‘‘ transmitter.’’ 

Reis, in 1860, showed how, by the movement of a 
diaphragm, intermittent voltaic currents could be trans- 
mitted, agreeing in exact number with the sonorous waves 
impinging on the diaphragm, and thus reproducing music 
ata distance by causing an electro-magnet to vibrate in 
unison with the diaphragm ; and, with an iron diaphragm, 
Graham Bell showed how the vibrations of that diaphragm 
in front of a polarised electro-magnet could similarly induce 
magneto-currents, corresponding in number, amplitude, 
and form with the sonorous vibration, and thus reproduce 
all the delicacies of the human voice. Edison and others 
have produced variations in the strengths of a constant 
current by causing the diaphragm to press directly upon 
some elastic conductor, oneh as carbon, spongy platinum, 
&c., the pressure upon these materials varying the 
resistan 
current flowing. Graham Bell and others have produced 
the same effect, by causing the vibrations of the diaphragm 


have also found similar effects | PeTS° 


ce of the cireuit, and consequently the strength of | and 





to vary the electromotive force in the circuit. It will be 
seen, however, that in the experiments made by myself, the 
diaphragm has been altogether discarded, resting as it does 
upon the produced by molecular action, 

oe veniees ee ee of the currents flowing are 
produced simply and solely by the direct effect of the 
sonorous vibrations. 

I have found that any sound, however feeble, produces 
vibrations which can be taken up by the matter interposed 
in the electrical circuit. Sounds absolutely inaudible to the 
human ear affect the resistance of the conductors described 
above. In practice, the effect is so sensitive, that a slight 
touch on the board, by the finger nail, on which the trans- 
mitter is placed, or a mere touch with the soft part of a 
feather, would be distinctly heard at the receiving station. 
The movement of the softest camel-hair brush on any part 
of the board is distinctly audible. If held in the hand, 
several feet from a piano, the whole chords—the highest as 
well as the lowest—can be distinctly heard at a distance. 
If one person sings a song, the distant station, provided 
with a similar transmitter, can sing and s at the same 
time, and the sounds will be received loud enough for the 
m singing to follow the second speech or song sent from 
the distant end. 

Acting on these facts, I have also devised an instrument 
suitable for magnifying weak sounds, which I call a 
microphone. The microphone, in its present form, consists 
simply of a lozenge-shaped piece of gas carbon 1 in. long, 
+in. wide at its centre, and jin. in thickness. The lower 
pointed end rests as a pivot upon a small block of similar 
carbon; the upper end, being made round, plays free in a 
hole in a smal] carbon block, similar to that at the lower end. 
The loz stands vertically upon its lower support. The 
whole of the gas carbon is tempered in mercury, in the way 
— described, > this is not absolutely necessary. 

he form of the lozenge-shaped carbon is not of importance, 

rovided the weight of this upright contact piece is only 
just sufficient to make a feeble contact by its own weight. 
Carbon is used in preference'to any other material, as its 
surface does not oxidise. A platinum surface in a finely- 
divided state is equal, if not superior, to the mercurised 
carbon, but more difficult and costly to construct. I have 
also made very sensitive ones entirely of iron. 

The best form and materials for this instrument, how- 
ever, have not yet been fully experimented on. Still, in its 
present shape, it is capable of detecting very faint sounds 
made in its presence. Ifa pin, for instance, be laid upon 
or taken off a table, a distinct sound is emitted, or, if a fly 
be confined under a table-glass, we can hear the fly walking, 
with a peculiar tramp of its own. The beating of a pulse, 
the tick of a watch, the tramp of a fly, can thus be heard at 
least a hun miles distant from the source of sound. In 
fact, when further developed by study, we may fairly look 
for it to do for us, with regard to faint sounds, what the 
microscope does with matter too small for human vision. 

It is quite evident that these effects are due to a difference 
of pressure at the different points of contact, and that they 
are dependent for the perfection of action upon the number 
of these points of contact. Moreover, they are not de- 
pendent upon any apparent difference in the bodies in 
contact, but the same body in a state of minute subdivision 
is equally effective. Electrical resistance is a function of 
the mass of the conductor, but sonorous conduction is a 
function of the molecules of matter. How is it therefore 
that a sonorous wave can so affect the mass of a conductor 
as to influence its electrical resistance? If we assumea line 
of molecules, we know that a sonorous wave is accompanied 
by alternate compressions and rarefactions. If we isolate the 
part under compression from the part under dilation we vary 
the dimensions of the mass, and we alter its electrical resis- 
tance. In any homogeneous conductor of finite dimensions 
the effect of the one will exactly compensate for the effect of 
the other, and we get no variation of current, but if we 
break up this homogeneous conductor into a series of 
minute subdivisions, without actually breaking their 
electrical continuity, we destroy this neutralising influence, 
and we render evident the effect of sonorous vibrations in 
varying its electrical resistance, for we reduce the length of 
a portion of the conductor toa fraction of the length of a 
sonorous wave. Molecular action alone explains to me all 
the effects produced. Size or shape does not affect them. 
A piece of willow charcoal, the size of a pin’s head, is quite 
sufficient to reproduce articulate speech. I regard the 
action as follows: If we have two separate conductors 
joined simply by contact this contact offers a certain 
resistance. Now we can vary or lessen the resistance by 
increasing the pressure, thus bringing more points in con- 
tact or closer proximity. Now, as I employ a constant 
pressure on the contact, which is exactly under the same 
influence of the vibrations as the points of contact, more 
points or closer proximity can only be obtained through the 
molecular — or movement of the contact points. 

If we assume a line of molecules at the point of contact 
of the minute masses of conducting matter in their neutral 
condition to be arranged as shown in Fig. 2at A, they will 
—— under compression as at B ; and under dilatation as 
shown at C. 

In the former case the electrical resistance would be less, 
and in the latter case more than in the normal condition. 
Hence we should get variation in their electrical resistance, 
and thus sonorous waves could vary the strength of an 
electric current, and the variations of the electric current 
can made to reproduce sonorous vibrations. These, 
however, would only produce the result in a certain line, 
say, horizontal; but those perpendicular, while producing 
the same result, would be a half vibration behind, and thus 
if two contacts, the one horizontal and the other perpendi- 
cular, were on the samé piece of charcoal and the con- 
ducting line joined to both, we should have interference. 
The contrary takes , as the more contacts we have 
the more varied their direction on the same, the louder 
and purer the sound becomes. Hence there is no inter- 
ference, and consequently the whole mass must swell 
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and diminish equally in all directions at the same instant of 


Tbe tube transmitter, Fig. 8, which I exhibit this evening, 
consists of an exterior glass tube 2in. long and jin. in 
diameter. In it are four separate pieces of willow charcoal, 
each jin. long and two termi of the same material. 
The terminals are fastened in the tube, and connect ex- 
teriorly with the line and interiorly with the four loose 

ieces, thus : v 
P\fere A is made to press on B, C, D, E, F, and G, until 
the resistance offered to the electrical current 1s about one- 
third that of the line upon which it is to be employed. It 
may be attached to a resonant board by the ends A or G. 
If the result was simply due to vibrations, we should have 
A and B making greater contact at a different time from 
F and G, and consequent interference. If it was a simple 
shaking or moving of B, C, D, E, and F, it could produce 
no change, as if B pressed more strongly on C, it would 
be less on A, and also if the tube was attached by the 
centre we should have no effect; but if the effect is due to 
a swelling or enlargement of B, C, D, E, F, it would make 
no difference where it is attached to the resonant board, 
as is actually the case. Again, reduce the pressure of A 
upon B, &c., until they are not in contact, and no trace of 
eurrent can be perceived by shaking the tube. The instant 
the sonorous vibrations pass in the tube there is electric 
contact to a remarkable degree, which could only have 
tiken place by the molecules enlarging their sphere under 
the influence of the sonorous vibrations. : 

It is impossible to say what can be the applications or 
the effects of the discovery which I have had the honour of 
bringing before the Royal Society, for the whole question 
has been studied with crude materials, and scarcely 
sufficient time has elapsed to enable me to consider its 
ultimate uses. I do not desire to assert that there is any- 
thing in what I have brought forward that is superior to or 
equal to other transmitters used for telephony. It is as 
loud and far more sensitive than any I have yet heard, and 
it may be increased by multiplication of transmitting con- 
tacts in quantity or intensity ; the loudness is at present 
limited by the capability of the receiver. The materials at 
my disposal, and the arrangement of them, have not yet 
been sufficiently studied. I only wished to show that it is 
possible to transmit clear and intelligent articulate speech, 
and to render audible sounds which have hitherto been in- 
audible by the mere operation of sonorous vibrations upon 
the conducting power of matter. 

My warmest thanks are due to Mr. W. H. Preece, 
electrician to the Post Office, for his appreciation of the 
importance of the facts I have stated, and for his kind 
counsel and aid in the preparation of this paper. 

I do not intend to take out a patent, as the facts I have 
mentioned belong more to the domain of discovery than 
invention. No doubt inventors will ere long improve on 
the form and materials employed. I have already my 
reward in being allowed to submit my researches to the 
Royal Society. 


STRENGTH OF BOILER FLUE TUBES, 

To THE EpiIToR oF ENGINEERING. 
' Srr,—Mr. D. K. Clark says in his letter on page 364 that 
I am at sea on the subjectof the strength of boiler tubes. 
He might, without fear of contradiction, have added “in 
afog too.’”” However, asIam in such good company I 
have no reason to complain. My purpose is to make 
engineers realise the fact that they are all at sea on this 
—— in order that we may assist each other in getting 
to land. 

My saying that the omission of the element of length in 
Mr. Clark’s rule is likely to be productive of damage to 
life and limb was in consequence of an engineer using Mr. 
Clark’s omission as an argument against the use of 
strengthening rings. All boiler inspectors will bear me 
out when I say there still is a ve ecided opposition on 
the part of some engineers and boiler-makers to use these 
rings. Many of them say these rings do more harm than 
good, and several boilers have exploded because the owners 
have been influenced by their engineers or boiler-makers 
to disregard the advice of the inspection and insurance 
companies to apply strengthening rings. 

What I object to is that Mr. Clark should have puta 
weapon into the hands of those who will use it in defence 
of a prejudice which has already been the cause of many 
fatal and costly disasters. 

Let us examine Mr. Clark’s rule by what he must admit 
is the fairest method possible, that is by comparing the 
collapsing pressure which his rule gives with the pressure 
in the example from which his rule is deduced. e then 
have roughly : 








Collapsing Pressure Actual 


Thickness by Mr. Clark’s Collapsing 
of Tube. Rule. Pressure. 
in. 

¥ 54 60 

65 60 

4 59 60 

PS 95 60 

} 33 50 

3 45 50 


Here we see the rule answers admirably for four out of six 
cases. Of the others, one case gives the collapsing pressure 
34 per cent. below and another 58 per cent. above what it 
should be according to the rule. 

There is, however, more than arithmetic and geometry 
the matter with this rule. The data on which it is based 
are altogether untrastworthy. The pressure given in one 
or two of the cases is that at which the boiler was only 
supposed to work. It might have been 50 per cent. 
higher at the time of collapse, or what is more likely 
30 per cent. lower. Then the shape of the tubes is 


very uncertain. The tube might have been 14 in. oval in 
one case, and nearly circularin another. Again, it is not 





known whether corrosion or overheating was not the actual 
cause of the tube giving way in more ti one case, 
after the boilers had been working for years at the pressures 
given. 

The great value of cuangihoniog rings, especially round 
the furnace, is not so much that they prevent distortion 
but that they arrest distortion when it does take place, an 
allow time for its discovery. Thus they are the means of 
preventing total collapse with its accompanying disaster. 

Mr. Clark calculates the breaking strength of a strip of 
wrought-iron plate lin. wide, fixed at both ends, 324in. 
long and jin. thick, by the ordinary formula for finding 
the breaking strength of beams. I have no hesitation in 
saying that the breaking strength of such a beam, 
having a length equal to 864 times its depth, if it can be 
called a beam, will not vary as the square of its depth, as 
the top skin will be stretched practically as much as the 
bottom before it breaks. This is another point on the 
strength of materials that requires clearing up. 

; I am, Sir, yours truly, 
RosBert WILson. 








THE ADMIRALTY BOILER COMMITTEE. 
To THE EDITOR OF ENGINEERING. 

Sr1r,—Every one is aware that an anonymous attack is a 
proceeding of very questionable morality, but even so there 
may be always the hope that there is sufficient good feeling 
in the hidden enemy to induce the sense of shame which 

erhaps is the reason for the withholding of his name. I 
cope it is so in the case of your correspondent of last week. 

‘There was really no occasion in the subject or in my re- 
marks to resolve the question of. boiler corrosion or of the 
Admiralty Committee into a personal attack, but let us 
hope that having now gratified his ill-will, from whatever 
cause it sprang, your friend will be able to be a “‘ Looker On’”’ 
at the facts and the interesting subject of boiler decay 
without a jaundiced eye or ruffled feelings. 

I do not think he will obtain credit for impartiality of 
judgment, and I think it therefore unnecessary to enter 
upon any defence, even if as a general rule it were right to 
—_ to a man who cannot give his name when he bestows 
abuse. 

My reason for writing to you is to say that I did not 
notice at first sight that the part of your article of April 
5th, which refers to ‘‘ a chronic state of leakage,’’ may be 
understood as referring to the treatment of Navy, boilers 
when not under steam or in ordinary use. ing it I 
considered merely boilers at work, andI therefore admit 
that as applied to the treatment which boilers in the Navy 
have very frequently undergone the description of the state 
in which they ‘‘ are allowed to be kept’’ is not inapt. 

Yours faithfully, 
FRED. JNo. Rowan. 

5, Westminster Chambers, Victoria-street, May 13, 1878. 








CONTINUOUS GIRDERS. 
To THE EpIToR OF ENGINEERING. 

S1n,—I have read with much interest the letters which 
have lately appeared in your paper on the theory of con- 
tinuous girders, but they appear to deal with girders in 
which the flanges are of the same strength throughout, and, 
therefore, cannot be of much practical use for built-up 
girders in which the flanges are made in something like 
proportion to the bending moments upon them at the 
various points. With your permission I will describe an 
easy method by which the strains may be approximately 
determined, supposing in the first instance that they are of 
the latter description. 


! Fig. 
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Let AB CD, in Fig. 1, represent a girder fixed at both 
ends, the load being equally distributed. Let us suppose 


it to be hinged at Band C, the points of contraflexure. 
Then the parts A Band C D act as cantilevers, supporting 
the distributed load upon them, the strains being re- 





oe by the distorted paraboias A, eB, and C, D, g. 
hey also each bear half the distributed load B C, concen- 


trated ut B and C respectively, the strains therefrom being 
represented by the triangles e f B and C,g h. The 
portion B C is a small girder complete in itself, the strains 
upon it being represented by the parabola B, 

Then, the strength of the flanges being*in proportion to 
the strains upon them, the curves of deflection will be of 
equal radii, and will form tangents at B and C, thus 
proving that there is no bending strain at those points, 
which are —— between the piers and the centre. 

Let A BC, in Fig. 2, represent a girder of two spans 
of 30 ft. and 20 ft., their respective loads being 1 ton and 
1} tons per foot lineal. Mark off at one-fourth the height 
of each parabola the points d and e, and the lines f dand 
e g being in inverse r rtion to their respective spans. 
Then draw the lines A; H, and H, C, through f and g, and 
the — ¢ and kare the points of contraflexure. 

Thecurves A i,t B k, and k C may then be drawn with 
the same radius, and if they do not exactly form tangents, 
they may be modified, the distancesi B and B k always 
bearing the same proportion to each other. With a little 
consideration this method may, I believe, be applied to any 
number of spans. 

Yours truly, 
. WEBSTER. 
74, Wood-street, Peterborough, May 8, 1878. 








ALTERING A NON-CONDENSING ENGINE, 
To THE EpIToR oF ENGINEERING. 

Srr,—In your issue of March 15, I notice illustrated 
the horizontal engine as altered at the Central Works here, 
and in your description of it I discover a mistake which t 
hasten to correct. 

The engine is not compounded, but simply having added 
to the original cylinder a second auxiliary cylinder of 10in. 
in diameter, both cylinders being so arranged that they 
exhaust into a common jet condenser ; the power from 
condensing being due to the areas of both pistons together. 
The variable expansion valves of both cylinders being set 
to cut off from 15 to 50 per cent. of piston stroke, the 
engine in its altered form being simply a high pressure ex- 
pansive condensing one. 

I herewith inclose indicator diagrams, which clearly 
illustrate the internal action of the arrangement, the 
power from the 15in. cylinder being 23.5, that from 
the 10in. cylinder being 12.5, making a total of 36 indi- 
cated horse. 

I shall be glad to notice the error corrected in one of 
your early numbers. 

Iam, Sir, your obedient servant, 
‘Tuomas UrquxHart, Loco. Supt. 

Central Offices, Rolling Stock and Traction, 

Borisogleboss, April 6, 1878. 


IRON PERMANENT WAY. 

To THE EDITOR oF ENGINEERING. 

Srr,—May I beg a small space in your valuable journal 
to apologise for a slip of the pen in my reply of April 26th 
to Mr. Hilf’s agent, when I stated that Mr. Hilf waa 
engineer for the Austrian States Railway. The following is 
the paragraph complained of, corrected: ‘‘It is a well- 
known fact that Mr. Hilf, as chief engineer of the German 
States Railways, has had an opportunity of applying his 
own system which few men have had before.” 

Replying to Mr. Simon’s questions, I wonld beg to 
inform him that oak railway keys driven up with a sledge 
hammer have failed to bend the clips under the most severe 
tests, and that the sleepers, when the holes are punched 
through, being under compression when a train is passing 
over, are made sufliciently strong for the heaviest traffic, 
whilst the fastening of the rail upon the sleeper is equal to 

¢ of an ordinary railway chair with a wooden key ; the 
—— rail being particularly adaptable to this 
system. 

With regard to Mr. Simon’s other remarks I would 
simply say that twenty-four years’ experience in several 
foreign countries, as well as having the mai ment of the 
works of one of the best firms in this district, places the 
‘*drawing-board’’ sneer a little below my notice. 

Yours truly, 
CHARLES Woop. 
Tees Iron Works, Middlesbrough-on-Tees, 
May 16, 1878. 


Frencu Ratnway Workinea Exprenses.—The ratio of 
the working expenses to the traffic receipts on the old net- 
work of the Paris, igen, and Medi ilway 
stood last year at 37.08 per cent., as compared with 36 36 
per cent. in 1876. Upon the new network of the same 
system the working ex; last: year were 67.86 per cent. 
as compared with 67.94 per cent. in 1876. Upon the old 
network of the Northern of France Railway, the wor! 
expenses were 45.06 per cent. last year, as compared wi 
46.05 per cent. in 1876. Upon the new network. of the 
same system the working expenses were 63.84 cent, 
last year as compared with 58.65 per cent. in 1876. 


Srzam on Tramways.—There is at present before 
Parliament a Government Bill for confirming provisional 
orders of the Board of Trade authorising the use of steam 
on tramways in Reading, Gloucester, West Derby (near 
Liverpool), Bolton, Sunderland, &e. The em t of 
mechanical power is to cognigntseneson’ ions as may 

Board of for securing public 5 

regulating the traffic . Steam is notto 
used on a double line where the roadway is less than 35 ft. 
wide, nor on a single line in a street with a roadway less 
pe ys wide. Pid apes or Epistle © ho be epee. 20 
approach of the engine. @ ey a horse 
temotaies 


warn 

showing si of fright, the engine is to be 

stopped: | Wiulo the maximum rate of is left un- 
there are important general - proposed in 











regard to speed. 
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COMPOUND MILL ENGINE. 
CONSTRUCTED BY MESSRS. HOLBOROW AND COMPANY, ENGINEERS, STROUD. 
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Ws illustrate by a sectional elevation and plan on the 
present page a compound horizontal engine constructed 
at the Dudbridge Iron Works, near Stroud, by Messrs. 
Holborow and Company. We have on a former occasion* 
illustrated a single-cylinder engine made by this firm, 
and — out some of its leading characteristics, several 
of which are reproduced in the one shown in our present 
engravings. It will be noticed that the high and low- 
pressure cylinders are entirely separated, having quite 
distinct frames resting on separate foundations. The 
bedplates are somewhat of the Corliss type, with very 
large brackets under the shaft bearings. The shaft itself 
has two bearings only, one in each bedplate, and carries 
a flywheel and spur wheel between them. Cast-iron 
discs are used for cranks, Both cylinders are fitved with 
expansion valves worked by separate eccentrics, that on 
the small cylinder cutting off very early, and having (as 
shown by the cards) a capitally sharpaction. A Porter 
governor is placed on the high-pressure bedplate, but this 
controls a throttle valve only. Both cylinders are 
jacketted, steam being conveyed to the jackets by separate 
pi which are shown clearly in both views. The two 
cylinders communicate simply by a pipe, and another 
pipe for the low-pressure cylinder connects it to the con- 
denser. The condenser and air pump are placed directly 
behind the low-pressure cylinder, the pump being worked 
by a prolongation of the piston red through a back 
stuffing-box. It will be seen that the pump is single- 
acting and quite open in front, an errangement which 
allows the condenser to be brought very close to the 
cylinder. Theair pump piston, as in the case we formerly 
illustrated, is fitted with a gland on its front side, which 
ean be packed from outside. Messrs. Holborow have been 
very successful in obtaining an excellent vacuum with 
their ment of condenser, a result due partly to 
the special care taken to secure a thorough admixture of 
the injection water with the steam, and partly to the 
manner in which the other details are worked out. A 
steady vacuum of from 28 in. to 29 in. of mercury, which 


* See ENeInzERING, November 12, 1875. 








they seem to obtain generally, is certainly much above the 
average vacuum obtained with horizontal pumps. The 
difficulty of obtaining a good vacuum with an air pump 
worked off the piston rod is of course one of the principal 
reasons for using some other arrangement of pump not 
quite so simple and straightforward. 

The engine we illustrate is employed in driving the 


machinery of a corn mill at Cam, near Dursley. Its 
cylinders are 14 in. and 24 in, in diameter respectively, 
and have a stroke of 2 ft. Messrs. Holborow have placed 
at our disposal the results of a trial of it which will be 
interesting to our readers. The trial was a very short 
one, but it was carried out on the Farey-Donkin system, 
the water discharged by the air ae being measured by 
being allowed to fall over a tumbling-bay, the work 
was kept uniform (the same stones being running all 
the time) and special care was taken with it. Although, 
therefore, the results cannot be taken as having the 
authority which they would have had had they been de- 
duced from a ten hours’ trial, still they may be taken 
as substantially accurate, How far they represent the 
average working of the engine we cannot, of course, say ; 
but taking the good action of the valves, and the excep- 
tionally high vacuum obtained, into account, we see no 
reason to doubt that the engine is working with very 
great economy. The following are the leading particulars 
of the trial alluded to : 


Duration of trial one eee eee 1 hour 
Sets of indicator cards taken ia 6 
Observations of discharge from con- 

densers ae and temperature)... 6 
Revolutions of engine per minute 68.5 
Steam pressure in boiler ... «.  53.0]b. 
Vacuum (mercurial gauge) ~~ . aoe. 
Indicated horse power ee 41 
Cut off (real) (high-pressure cylinder) - 

about ... ois ove on oe a 

io of expansion (total 19.5 

Back pressure in large cy: én 








—_—, 





Temperature of injection 54 deg. Fahr. 
Temperature of ae 89 pe 
Amonnt of discharge ... -_ ... 24,120 Ib. 
Amount of condensed dra 

for jackets... on o0e eee Wa 
Pounds of condensing water per pound 

steam condensed... ae axe 30.6 Ib. 
Pounds of steam condensed per indi- 

cated horse power per hour... a 18.6 ,, 
Pounds of steam from jacket per indi- 

cated horse power per hour ¥= 1.78 ,, 
Total consumption of steam per indi- canes 

cated horse power per hour ~ 20.4,, 

ther. units. 

Heat rej in’ condensing water 

per indicated horse power per hour 19,950 
Heat converted into work per indi- 

cated horse power per hour ia 2,565 
Heat rejected 1 tg! water dis- 

— per in orse power 

per hour ‘an Ne eco eee 358 
Total heat accounted for per indi- 

cated horse power py ~ 22,873 
Corresponding quantity of steam a 

boiler pressure per indicated horse 

powerperhour... * 20.6 lb. 


The calculations by which these figures have been 
obtained are similar to those described in connexion with 
the South Metropolitan trials, which we published in 
February last, and to others which we have from time to 
time treated in detail. It is unnecessary, therefore, to 
give any further explanation of them here. We may 
add only that the last line is calculated from the one 
before it by a process which allowed approximately for 
the fact that the jacket steam does not receive all the 
heat which goes to the formation of the cylinder steam. 

It will be seen that the quantity of water for indicated 


horse power comes out gees the same by both 
methods of calculation. either case it is exceedingly 
—indeed, exceptionally—good. 































































May 17, 1878.] ENGINEERING. 387 





PORTABLE ENGINE WITH BELLEVILLE BOILER, AT THE PARIS EXHIBITION. 
CONSTRUCTED BY MESSRS. J. BELLEVILLE AND COMPANY, ENGINEERS, ST. DENIS, SEINE. 
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In addition to the three 100-horse stationary boilers 
(of the type which we have illustrated on page 341 ante) 
supplying steam to some of the engines in the French 
main Machinery Hall, Messrs. J. Belleville and Co., of St. 
Denis, show at Paris examples of their portable boilers 
with engines attached, and of one of these we now annex 
illustrations, the particular boiler shown not being 
mounted on wheels, but being carried on four adjusting 
screws, by the aid of which it can be readily set level. 

Referring to our engravings it will be seen that the 
boiler, which is of the same general construction as those 
for stationary purposes, is enclosed in a double casing of 
wrought iron packed with non-conducting material. The 
boiler itself is similar in its general construction to that 
illustrated on page 47 ante. Below the boiler proper is 
anextension of the casing lined with firebrick, so as to 
form the furnace as shown in the section, Fig. 3. 

The engine is of the vertical type with overhead crank- 
shaft, the bedplate being bolted up against the back end 
of the boiler. The engine has large bearing surfaces and 
is generally strongly proportioned so as to fit it for the 
high pressures used ; but there is nothing peculiar in its 
design. 

With these tubulous boilers having but a very small 
water capacity, regularity of feed is very important, and 
special means, therefore, are provided to secure this. 
The feed pump is driven from the crosshead and is kept 
constantly working, the excess of water delivered and 
not taken by the boiler, escaping through the relief valve 
at F, and being led back to the feed tank through a 
Pipe connected to the nozzle G, with the exception of 
a small quantity which is discharged constantly through 
the pipe H into the ash-pit. The delivery pipe D, from 
the pump, communicates with the feed-regulating valve 
E, which is automatically controlled by a float contained 
in the vessel a, this vessel being connected by pipes 
K, K" with the upper and lower ranges of tubes of the 
boiler. On the vessel a the gauge-glass fittings L are 
mounted, as is also a whistle I which is operated by the 
float already mentioned, and which comes into action if 
the water level falls too low. A further safeguard against 
the effects of lowness of water is afforded by the small 
fusible plugs X X fitted to one row of the junction 
pleces uniting the rows of tubes at the front end. 

Of the other details little need be said. N is a pipe 
leading the steam from the steam dryer to the stop-valve 


O. Ris the exhaust pipe, § an adjustable blast nozzle, 
and T the blower pipe. 

We have in the present notice only described the 
particular engine and boiler illustrated ; but when deal- 
ing generally with the boilers exhibited at Paris, we shall 
review the peculiarities of the Belleville system, and have 
something to say of its application under different con- 
ditions. In conclusion, we may add that the examples of 
engines and boilers exhibited at Paris by Messrs. J. 
Belleville and Co., show good workmanship and parti- 
cularly neat finish. 





STEEL RaILs 1n France.—In 1877 the railway companies 
of France were purchasers of iron rails to the extent of 
48,888 tons, while 136,549 tons of steel rails were a 


A comparison with the corresponding 

(57,986 tons of iron and 130,681 tons of Stoel rail) shows a 
notable decrease in the consumption of iron rails, and a 
corresponding increase in the consumption of steel rails. 


TELEGRAPHING FROM New YorxK TO SypnEy.—A tele- 


ydney, cost nearly 65 dols. The course of the message 
was as follows: From Auburn to New York, to Heart's 
Content, Newfoundland, to Valencia, to London, through 
Germany, Russia, and Siberia, to Wladiwoodstock, a 

int on the coast of Manchuria; thence to Nagasaki 
apan; thence —y the Yellow Sea to 8 hai, 
China ; thence down coast of China to Saigon, Siam, 
and Singa; ; thence to Batavia, on the coast of Java ; 
Shanes to Pert Deawin..on the nesthern edast of At:.inalin 5 
and thence to Sydney, New South Wales. 


* Merropotrran WatTzR Supriy.—At the last meeting 
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COMPOUND ENGINES FOR RAIL MILL. 

Last -autumn, in the course of our account of the 
meeting of the Iron and Steel Institute at Newcastle, we 
gave (vide page 272 of our twenty-fourth volume) some 
particulars of Messrs. Bolckow, Vaughan, and Co.’s new 
steel works at Eston, which were visited by the members 
on that occasion; and amongst the features of these 
works we mentioned a fine pair of compound reversing 
engines, which had been erected for driving the rail 
mill by Messrs. Tannett, Walker, and Co., of Leeds. 
This week we give a two-page engraving showing a plan 
of these engines, and we shall in an early issue give other 
illustrations, which will show the special features in- 
cluded in their design. Under these circumstances we 
consider it best to postpone our detailed description, and 
for the present, therefore, we merely state that the 
engines have high and low-pressure cylinders 36 in. and 
54 in. in diameter respectively, the stroke being 6 ft., and 
that they are coupled direct to the 26 in. reversing train 
which they drive. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—The warrant market opened 
flat last ‘Thursday, and at a reduction of jd. per ton under 
the lowest price previously touched. Prices subsequently 
improved, however, and at the close they were the same as 
on the spony my day. Business was done in the morning at 
49s. 44d. up to 49s. 6d. cash, and from 49s. 6d. to 49s. 8d. 
one month, the market closing with sellers asking 49s. 6d. 
and 49s 8d. cash and one month respectively, with buyers 
offering 1d. per ton under. No business was reported in the 
afternoon, and the market closed—sellers, 49s. 6d. cash, and 
buyers 49s. 5d. The market was again stronger on Friday 
morning, and an advance of 1d. was obtained, thus 
reducing the decline over the week to 3d. per ton. 
Iron ¢ hands during the forenoon at 49s. 7d. 
cash, and 49s. 9d. one month, the market closing with 
sellers at those prices, and buyers offering 1d. per 
ton less. Again there was no business reported 
in the afternoon, and the closing quotations were, 
sellers 49s. 7jd., buyers 49s. 64d. On Monday the 
market opened quietly, and at 1d. per ton of a reduction, 
but improved. Subsequently there was a reaction, and 
prices fell 4d. per ton further. Business was done in the 
morning at 49s. 6d. to 49s. 74d. cash, and 49s. 9d. one 
month, closing sellers at the higher figures, and buyers 1d. 
less. Inthe afternoon 49s. 6id. cash was accepted, and at 
the close of the market there were sellers asking 49s. 7d. 
cash, and buyers offering 49s. 6d. Yesterday’s market 
was weak, and prices fell to their lowest point, closing 
1}d. per ton under those of Monday. Iron changed hands 
in the forenoon market at 49s. 6d. to 49s. 5d. cash, and 
49s. 7id. one month, sellers at the close asking 49s. 5d. 
cash and 49s. 7}d. one month. In the afternoon 49s. 5d. 
cash and 49s. 7d. one month were paid, and the market 
closed with’ buyers at those prices and sellers “asking 
ld. per ton more. The warrant {market was again 
very flat to-day. A quiet business was done during 
the forenoon at 49s. ba. down to 49s. 4d. cash, and the 
market closed with buyers offering the latter price, and 
sellers asking 49s. 44d. There was no change of any im- 
portance during the afternoon. The very low prices now 
riling ought to induce investors to purchase, for whom 
there is certainly a good opening. Makers in several 
instances selves’ their prices last week, and most brands 
can now be had on easier terms than were quoted a fort- 


night ago. Since the reduction there has been a little more 
inquiry. Another blast furnace has been relighted at Lugar 
Iron Works (Messrs. William Baird and Company), = 


bringing up the total number at present in actual operation 
to 95, as com with 113 at the same time last year. 
Last week’s shipments from all Scotch ports amounted to 
93:8 tons, as against 12,392 tons in the corresponding week 
of last year. A small quantity of pig iron was sent into 
store last week, and the total stock with Messrs. Connal 
and Co. up to last Friday —_ was 174,372 tons, showing 
an increase for the week of 475 tons. 


Winter Garden for Gothenburg.—The materials for a 
winter garden tol be erected at Gothenburg, in Sweden, 
have just been ship on board a steamer at Arbroath. 
The garden has been designed and manufactured by 
Messrs. A. Shanks and Son, engineers, Arbroath. It con- 
sists of five distinct houses, comp: of iron and glass, 
each of which will be heated to a temperature correspond- 
ing with that of the country to which the plants to be put 
into it are indigenous. Two powerful boilers, connected 
to nearly two miles of piping, will be used in heating the 
houses, while abuot 40,000 ft. of glass will be used in the 
roofs and sides. The materials weigh in all about 200 tons. 
A staff of experienced workmen have been sent to Sweden 
to erect and complete the buildings. 


The New Pier at Scapa, Orkney.—At a meeting of the 
Orkney Piers and Harbours Commissioners, held on Mon- 
day, offers for the construction of the stone pier at Scapa 
were considered ; and that of Messrs. Shearer and Budge— 
namely, 84451.—was accepted by a majority of 8 to4. Mr. 
Miller was appointed engineer and superintendent of the 
works, which are to be commenced immediately. It was at 
one time intended to erect a wooden pier, but the resolution 
to that effect was rescinded. 


New Wet Dock at Greenoch.—A great question looming 
in the immediate future for Greenock is the large new 


harbour, which, according to Mr, Kinipple, will give 
Greenock docking accomm ion second to none in the 
world. Me. Kinlp pty pee the ory —_? is 
expected ve his report ready in a few 8, 
so far as the lowest offers are concerned. The Sindee 


range, it is said, from 240,0001. to 400,000/. The site 


chosen for this new wet dock is the Garvel Park Estate, 
close by the graving dock constructed by the same engineer 
several years ago. 

Tay Bridge Railway Works.—The connexions between 
the nel railway and the Caledonian line, opposite 
Victoria Dock, Dundee, have now been formed, and work- 
men are engaged in the erection of the new signals and 
other apparatus necessary for the safe working of the 
traffic. 


Glasgow Water Supply.—At a meeting of the Glasgow 
Corporation Water Committee held on Monday, the t 

uarterly report on the works for 1878, prepared by Mr. 
Gale, was submitted, from which it appeared that the 
quantity of ‘water sent into the city during January, Feb- 


ruary, and March last, ave per day, from the Loch 
Katrine Works 29,440,000 ons, and from the Gorbals 
Works 4,060,000 ions—total, 33,500,000. These figures, 


as compared with those for the corresponding three 
months of 1877 showed an increase of 700,000 gallons 
supplied daily. All the works at the lochs continue in 
_ order. The laying of the additional Mugdock mains 
rom Canniesburn to the city is nearly completed. The 
providing and fixing of the ironwork of the alterations 
on the bridges over the Kelvin at Garscube and the rail- 
way at Maryhill has been contracted for, and a portion of 
it is ‘ready for erection, while the masonry is so far com- 
pleted at both points as to be ready to receive it. There is 
every prospect of these works being finished and the 
mains brought into use by the end of June. In connexion 
with these new mains, arrangements have been made for 
the occupation of a small apartment at Springbank for the 
reception of gauges, and where the pressure on the mains 
will be recorded at regular intervals. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Dispute in the Sheaf Shear Trade.—The Master Cutler 
of Sheffield has declined to accept the terms offered by his 
men. He requires a reduction of 30 per cent. on wages, 
and is making arrangements with new hands. 

Colliery Disputes in South Yorkshire.—A short time 
ago the men employed at the Darfield Main Colliery left 
work on account of reductions made in their wages. The 
representatives of the Miners’ Association have however 
met the masters and made such arrangements that the men 
have consented to resume their — ment. At the Rosa 
Colliery, Barnsley, and the Chure e Colliery, in the 
same town, the men still stand out, alleging that the terms 
offered by the masters are too great in point of reduction. 

New Town Hall at Pontefract.—It has been decided to 
erect a new town hall at Pontefract, and nearly 30001. has 
already been subscribed towards the work. Steps 
once be taken for commencing the erection of the building. 

Swinton and Knottingley Railway.—This line of rail- 
way fast approaches completion. The directors have 
decided to erect a station at Ferrybridge, where a junction 
between the above lines is formed. The accommodation to 
the district will thus be greatly increased. 








NOTES FROM THE SOUTH-WEST. 
Panteg.—At Panteg Steel Works a wages dispute is said 
to be imminent. Some few weeks since notices were pos 
stating that all contracts would cease on a certain date. 
The expiration of that date having arrived, it was intimated 


will at |} 


vein has been sunk, and that the machinery and other 
— are capable of an output of 160,000 tons per annum. 

he directors hope to realise this output as soon as the 
coal trade presents a revival. Numerous particulars were 
given at a recent meeti hg the company as to the work- 
ing of the concern, and the chairman observed that there 
was a steady and increasing yield of coal, and that all 
that was wanted to bring the pit and its contents to an 
almost unlimited return were profitable buyers. The 
directors undertook to forego their fees (13001.) for the pre- 


sent year. 

Landore Steel Works.—A new company is, it is stated, in 
treaty for leasing a portion of the Landore Steel Works. 
Should the negotiations commenced prove successful, em- 
ployment will be found for a large number of men. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES, 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was only 

a small attendance on ’Change at Middlesbrough, and the 

business was scarcely worth mentioning. The 

unsettled state of political matters is having a most serious 

effect upon trade. Prices of pig iron have fallen to a figure 

much below any,quotations during the past ten years. No. 3 

Cleveland pig can be bought as low as 38s. per ton, and 

other qualities at proportionate rates. Makers’ stocks 

are large. Messrs. Connal and Co. have in their Middles- 
brough warrant stores 64,300 tons of pig iron. 


The Finished Iron Trade.—There is really nothing to 
write about in this branch of industry. The works that 
are occupied are producing plates and bars at a figure 
which cannot leave a profit. 

The Norton Iron Works.—The Norton Iron Works, con- 
sisting of blast furnaces and foundry, near Stockton, should 
have been offered for sale on Tuesday, but arrangements 
having been made to pay off the mortgage it was announced 
that there would not be a sale. 


Engineers and Shipbuwilders.—Both engineering and 
shipbuilding continue tolerably active. 

The Coal and Coke Trades.—All kinds of fuel are in slow 
demand and prices are weak. 








Gas In Betaium.—In the seven months ending with 
March, 1878, inclusive, the Belgian General Company for 
Lighting and Heating by Gas sold 481,198,828 English cubic 
feet of gas. 





AvusTRIA AND InDIA.—The Austrian Oriental Museum 
has opened an Indian Exhibition at Vienna. The director of 
pa museum has recently travelled over the greater part of 
ndia. 





QUEENSLAND TELEGRAPHY.—Progressisstill being made 
in telegraphic extension in Queensland, and contracts have 
been let for the construction of telegraphic lines from the 
Burdekin to Cape Bowling Green, 50 miles; from 
Dalrymple to Junction Creek, 170 miles ; and from Gympie 
to Kilkivan, 50 miles ; making a total for the three exten- 
sions of 270 miles. 





American Car Burtpine.—The Car Trust Company, 


ted | of Pennsylvania, has declared a quarterly dividend of 1} per 


cent., and the Railway Equipment Company, of Pennsyl- 
vania, one of 2 per cent. A first instalment of twenty-six 
s cars for the Gilbert Elevated Railroad has 





that} a reduction in the scale of wages was ry. 
The reduction, it is said, amounted in some cases to 15 per 
cent. The employés objected, and during the past week the 
hands at the smelting shop have been paid off. 


The Plymouth and Aberdare Works.—We learn that a 
syndicate of Scotch capitalists has been formed, which has 
purchased, at a considerable discount, a large portion of 
the shares in the Plymouth and Aberdare Company 
(Limited), by means of which it becomes possessed of one 
of the most valuable mineral properties in South Wales. 
Some of the Scotch gentlemen have recently inspected the 
property. An experienced manager, a gentleman well 
versed in colliery operations in Scotland, has been appointed, 
and the new 1 will proceed at once to open out their 
extensive coalfield. 

Torpedoes in Milford Haven.—Boats are being fitted 
out at Pembroke Dockyard for torpedo practice by Royal 
Engineers in Milford Haven during the summer months. 

South Wales Coal and Iron.—The exports of coal and 
iron from South Wales in April were not large. Cardiff 
shipped to foreign ports last month 325,858 tons of coal ; 
for April, 1877, the quantity similarly shipped was 
307,530 tons. Newport last month shipped. 50,081 tons, as 
against 54,922 tons for April, 1877. Swansea shipped 
51,355 tons, as against 60,802 tons for the same month 
last year. Coastwise: Cardiff shipped last month 61,381 
tons, as against 61,773 tons for April, 1877; Newport 
66,670 tons, as against 64,086 tons ; and Swansea 19,214 
tons, as against 22,581 tons. Cardiff last month shipped 
9979 tons of iron, Swansea 794 tons, ard Newport 
8462 tons. The quantity of patent fuel shipped from 
Cardiff last month was 1979 tons ; from Swansea 7058 tons. 

Swansea.—There is no alteration in the tin-plate trade. 
Full time still goes on at the works, no definite course of 
action having yet been arrived at by the manufacturers as 
to a reduction of the make. The copper ore trade remains 
dull, and is likely to remain so in the present uncertain 
state of thi on the Continent. Some improvement is 
apparent in the steel trade, the prospects of which are more 
encouraging. The harbour returns for the past month also 
show up satisfactorily. 

Newport-Abercarn Black Vein Steam Coal C. 
The directors report that a second shaft to 





the black 








arrived at New York. These cars were built at the Pull- 
man Palace Car Works, at Detroit, and they form a special 
train, which ran the entire distance between Detroit and 
New York at the rate of 26 miles per hour. The cars are 
worth about 4000 dols. each, are elegant in design, and seem 
to be built in a substantial manner. 





AUSTRALIAN TELEGRAPH CONFERENCE.—A conference 
of representatives of all the Australian Colonies is about to 
be held on the subject of telegraph communication between 
England and Australia. The presence in South Australia 
of Colonel Glover, the managing director of the Eastern 
Extension Australasia ‘and China Telegraph Company 
(Limited), who arrived by the Chimborazo, from Lon- 
don, has induced;the South Australian Government to 
bring the matter under the notice of the Government of 
Victoria, and, between the two, the conference has been 
determined upon, and will be held in Melbourne. Com- 
munication between Australia and London has been fre- 
quently interrupted a last four weeks on ac- 
count of breaks in the overland line from South to North 
Australia. 


Water SupPiy or ADELAIDE.—Mr. W. Clark, reporting 
upon the water supply of Adelaide, South Australia, re- 
commends the construction of service reservoirs to contain 
a three days’ supply both for Glenelg and Port Adelaide. 
The reservoir for the former he to construct near 
to the junction of South and West Terraces, and for the 
latter on the Park’s Land between North Adelaide and 
Prospect, both reservoirs to be filled during the night, and 
the communication from the Thorndon Park reservoir to 
be shut off during the day, so that there may be a greater 
pressure from it for the city. The construction 0 these 
two service reservoirs will, it is believed, obviate the neces- 
sity of laying down an additional main from Thorndon 
Park to Aaelaide. It will be remembered that it is pro- 


but as this 
be insufficient it is suggested that 





the 


source may i : 
10 in. pipe to that town should be maintained, with the idea 
of its serving for the intermediate di as well. Mr. 


means of securing a proportiona 
holders for the quantity of water used by them. 
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THE ADMIRALTY BOILER COMMITTEE. 

TuE third report of the Admiralty Boiler Com- 
mittee has at last been issued in the form of a Blue 
Book, in which the ‘ preliminary” and second reports 
appear as “enclosures.” We shall take an early 
ey of presenting to our readers our views 
of the valuable collection of facts and opinions this 
volume contains, 

Previous to its appearance we learnt that the First 
Lord of the Admiralty had carried out his intention, 
as announced in the debate on the Navy Estimates, 
of appointing a new Committee, No doubt the 
Admiralty and its advisers have their own reasons 
for this step, which must still further delay the end 
in view, for the evidence collected by the late Com- 
mittee appears to us to show that any body of 
engineers and chemists that may be brought together 

ill require a ial training, or, so to , will 
have to serve their apprenticeship to the business 
they have taken in hand. Assuming the new Com- 
mittee to have no less working capacity than the 
last, it will be many months before they will be able 
to take up the investigation at the stage where the 
late Committee had to leave off. 

_We learn with regret that the new Committee 
differs from its predecessor in one very important 
point, Prager 3 that it is composed exclusively of 
Admiralty officials and naval men, whereas in the 
late Committee the merchant service, as well as the 

ty, was represented. We are led to make 
this remark not from any consideration of the benefit 





that might accrue to the merchant service from the 
results of the inquiry and indirectly to the nation 
at large, but from considerations of the immense 
national importance it is for those at the Admiralty 
to avail themselves of the best information and ex- 
perience they can always, for a time at least, com- 
mand. After making every allowance for the great 
ability the naval engineers and architects at the 
Admiralty have frequently displayed, no one with a 
knowledge of the history of the application of steam 
— for the propulsion of Her Majesty’s ships can 
or a moment suppose that the Admiralty has ever 
enjoyed, or is ever likely to possess anything like a 
monopoly of the engineering ability of the country, 
and this for very obvious reasons. 

It must not be assumed that the cost to the 
country of defective and short-lived boilers is to be 
measured by the price paid for repairing them and 
putting in new boilers twice as dn as should be 
necessary. The ships in the Navy may ea A be 
said to have a twofcld purpose, namely, to be placed 
on commission and to do the work for which they 
were designed, and to be out of commission or lying 
up for repairs or in readiness to take the place of 
those ordered in for repairs. It is obvious that the 
number of idle ships will depend upon the le of 
time a ship can be kept at sea and the length of time 
required for repairs. Assuming that the av life 
of the boilers in the Navy is seven years, and that it 
requires on the average four months for a ship to 
leave and return to its station after having new 
boilers put in, then it will be necessary to keep a 
complement of about 5 per cent. of idle ships to keep 
up the efficiency of the Navy. When the frequency 
of repairs required by the boilers is also taken into 
account, this percentage will be found to be con- 
siderably increased. What increase in the number 
of officers, engineers, and crew is entailed by this 
extra number of ships we cannot just now say, but 
the needless cost the country is put to, not so much 
in consequence’of any want of skill in boiler engineer- 
ing as from those entrusted with the designing of the 
ships ignoring what is required in a g boiler, is 
enormous, A remedy of this abuse at a cost of, say, 
5000/. per annum for a few years for keeping up a 
competent committee of investigation, would be 
cheaply purchased. 

In the Blue Book, to which we have already re- 
ferred on page 263 ante, there is sufficient evidence 
to show that some of the boilers in the Navy which 
have corroded rapidly differ from those in our first- 
class fleets of steamers in one or two very important 
points, and we may say that the points of difference 
apply only too generally to the boilers in the Navy 
and merchant service, 

In the first place everything in the Navy boilers 
appears to be too often sacrificed to the object of 
keeping them well below the water line, to be out 
of reach of shot and shell. This, of course, is a 
matter of paramount importance, but the evils that 
are likely to attend this practice clearly show that it 
is very undesirable to push this. object too far, or 
beyond the limit that is absolutely necessary to effect 
its purpose. In fact it has come to this, that if by 
making the boilers of the present type to suit the 
ship, as has hitherto been the practice, they cannot 
be made to last longer than five or six years, the 
ships should be made to suit the boilers, or the 
present type of boiler should be abandoned and re- 
placed byj some type better adapted to the space 
available, when by so doing they could be made to 
last at least ten or twelve years with proper manage- 
ment. 

One of the evils we have alluded to is the want 
of capacity in the boilers for the work they have to 
do. is means less heating surface, less steam 
space, less facility for proper circulation, ter 
difficulty of access to the interior of the boiler for 
cleaning and examination, and consequently less 
likelihood of detecting and arresting any corrosion 
that may take place and applying means to check 
it at an early stage, than is desirable, 

We shall on a future occasion point out the manner 
in which want of capacity in marine boilers conduces 
to their decay, At present we mention the fact 
by way of illustrating how the difference in practice 
of the two services might render it unpalatable for 
Admiralty officials, brought up in one kind of tra- 
ditionary practice, to have more enlightened 
views gained in another school urged persistently 
upon them by any one p own by a strong con- 
viction of the defects that are so difficult to eradi- 
cate when once they have become fossilised by 
routine. 

Whilst wishing to give due credit to the energy 





and skill at the service of the Admiralty—of which 
there is abundant evidence—in some of its depuit- 
ments, and whilst appreciating at its full value the 
difficult. task its advisers have in steadily im 
their existing practice and in a at arm’s 
the crowd of patentees and inventors of 
half-tried and visionary schemes, who are con- 
tinuall a to have their inventions tried 
and advertised at the expense of the State, it must 
be conceded that. our naval authorities are apt to 
become too conservative and fond of clinging to 
traditionary — This view is borne out by 
the history of the progress in the Navy during the 
last hundred years, or from before the time our 
shipbuilders used to take the ships captured from 
the French as their models, to the recent introduc- 
tion of steel into the construction of our ships of 
war. 

As a rule, with few exceptions, the Navy has 
followed in the wake of the merchant service in the 
adoption of the various , or rather systems, of 
boilers and engines, in increasing the steam 

ressure. Inthe main they have been right in so 

oing up to a certain point; but now when the safety 
and efficiency of our fighting ships during an engage- 
ment are yh, Bi Pegi upon the safety and 
efficiency of the boilers and machinery, it is ques- 
tionable whether their reluctance to strike out a 
course for themselves is not being carried too far. 
The requirements of the two services, however much 
alike they may be in time of peace, are widely dif- 
ferent in time of war. The huge cylindrical boilers, 
however well adapted they may be for raising steam 
with a fair measure of economy, are certainly not 
sng Song for keeping out of reach of shot and shell, 
or for causing the least amount of damage when 
struck, whicharemore im t points than economy 
of fuel in an armour-clad. 

By increasing the pressure of steam the capacity 
of the boilers can be reduced, and they can be kept 
further below the waterline. The objection to using 
steam of high pressure is that in the event of any 
of the boilers or steam pipes being destroyed in 
action, the smaller cylinders and boilers used with 
the higher pressures would not be so capable of 
working the machinery at a very low pressure, or 
with a vacuum only, as can be done with the 
larger cylinders at present used. -Moreover, if 
we adhere to the present type of boiler and 
raise the pressure, little increase of protection 
in stowage that could be gained with the pressures 
this boiler admits of carrying might be too dearly 
bought. The alternative plan is to adopt a different 
class of boiler altogether with a much higher pres- 
sure, which will enable the boiler and machinery to 
be kept considerably lower than at —s and 
— effectually with an armour deck, as was 
ong since proposed. 

he two classes of boiler we must look to for ke 
ing down the height are the locomotive and the 
tubulous or water-tube. The objections to the 
former are its inaccessibility, the space that would 
be lost in some cases by its shape when placed in 
a vessel, and the impracticability of using a blast 
pipe at sea for promoting the draught. None of 
these o les are insurmountable. By increasing 
the diameter of the boiler and not crowding it in- 
judiciously with tubes, it can be rendered fairly 
accessible for cleaning and examination, but who- 
ever takes in hand the task of improvi . feed locomo- 
tive boiler for use on board ship should have a due 
appreciation of the value of the distance between the 
firebars and the bottom of the shell, the want of 
which has already brought discredit on this class of 


boiler in more than one attempt to it where no 
wheels were required beneath it. ‘The shape admits 
of various modifications. As for the draught it can 


be maintained by the same means that are now 
already largely employed in some of our war ships 
for ventilation. 

It is not improbable that one of the lessons 
taught by the first naval engagements on a large 
cae ie ent Deena eee ae t 
for the furnaces by means of a funnel is 4 
for the funnel is liable to be shot away, or so per- 
forated as to become practically useless at the very 
time its services are most required to enable a 
good pressure to be maintained for rapid manceu- 
vring. ‘The protecting of telescopic chimneys by 
armour may be found to be a disadvantage rather 
than otherwise, since a shell might pass through 
one side, and <m | unable to etrate the other 
might explode within the ey, where iis 
effects might be most disastrous, In the old days 
a ccew in possession of the deck and rigging had at 
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command of the sailing of the ship. With our;Companies in August, was also ulsive to the ; 
porsentr ships this need my necessarily be the case, palate. Had De. Frankland visited the “ canal” THE TELEPHONE HARP. 


and it is not impossible that some future Captain 
apy on may relate how an ironclad was boarded 
by a hostile crew and would have been run ashore 
by the engineers rather than be taken to an enemy’s 
port, had those on deck not got the others below 
at their mercy by placing a wet sheet over what 
remained of the funnel, ere it not for the advan- 
tages of economy, of avoiding complication, and of 
avoiding, by the oe possible means the nuisance 
the products of combustion might become, we should 
say that the sooner the present necessity of having 
a funnel on board a man-of-war during an action is 
done away with the better. A war by sea of 
some duration may possibly decide that the above 
advantages are being too dearly bought. 

We by no means advocate the general abandon- 
ment of the present type of marine boiler with its 
funnel for the locomotive type, but it appears to us 
that there are some cases where the latter with an 
artificial draught could be used with great advantage. 
Considering the very slight increase in spced it is 
often considered worth obtaining by the expenditure 
of an extra 500 horse power indicated, there should 
be no great difficulty in getting power to obtain a 
forced draught for the furnaces by means of 
fans or blowers. No doubt this is adding machinery 
in some cases where many consider there is already 
too much, but where ventilating apparatus already 
exists, the increase in complication will not be very 


As the subject of using tubulous boilers in the 
Navy is too large to enter into at present we purpose 
dealing with it in a future article. 








WATER AND SEWAGE QUESTIONS. 

Tue Society of Arts’ Council has invited two con- 
ferences to be held next week at their rooms in the 
Adelphi, The first is intended for the discussion of 
WaterSupply, a course instigated by a letter recently 
ad to the Council by its President, the Prince 
of Wales ; the second will become the third annual 
conference held for the discussion of matters relating 
to public health, river pollution, and cognate sub- 
jects. It is almost needless to state that both of 
these questions will be amply discussed by many 
having the highest reputation as authorities. Still, 
it may not be out of place if a general review of 
such subjects be afforded in this article. 

The question of water supply has now become 
national. Glasgow was the the first to set an 
example of getting a pure, constant,’ and high-pres- 
sure supply tote Loch Katrine, situated about forty 
miles from the city, and inaugurated by the Queen 
about twenty years ago. This supply is simply be- 
yond complaint. Its purity is sufficient to satisfy 
physiological and chemical requirements, and its 
evenness of temperature affords a cooling and even 
sparkling drink in summer, while in winter the ex- 
cessive coldness of ordinary river supply, as in 
London, is avoided. Manchester and other central 
places of large population have followed this excellent 
example, But London still remains in statu quo. 

In reference to the metropolitan supply we need 
make no remarks on the Bills before Parliament 
that have been promoted by the Metropolitan Board 
of Works, as it is pretty certain that neither will 
pass during the present session. It is satisfactory 
to find that a large number of provincial towns are 
seeking for further power to extend and improve 
their resources for water, and in the recently issued 
repor tof Mr. Brown's Bill (No. 66 of the present, 
and No. 193 of the last session) it has been favour- 
ably dealt with by a Select Committee (Report 134 
of this session), with, however, the suggestion of 
some valuable additions. In regard to the London 
water supply we cannot do better than analyse the 
report o choles Frankland, up lied to the Local 
Government Board for the year 1877, and issued in 
March, 1878, forming Parliamentary Paper 89 of 
the present session. 

From this it appears that London is supplied by 
eight companies; that the daily average for 1877 
was 120,864,496 gallons. Of this 60,862,201 gallons 
were sometimes much polluted with sewage matter ; 
52,771,302 gallons were similarly polluted, but to a 
less degree ; while but 7,230,993 gallons were of 
unexceptionable ag The Thames water su 

lied by the Chelsea, West Middlesex, Southwark, 
Erand Junction, and Lambeth Companies in 
August, 1877, at a temperature of 68 deg. of the 
liquid, was unpalatable ; while that of the Lea water, 
delivered by the New River and East London 





which brings the East London supply to their works, 
at Lea Bridge, last August, he would have found 
that sewage fungus was there in abundance, where 
the Lea Bridge crosses the ‘‘ canal” on the road to 
Snaresbrook. 

We have quoted quite sufficient from this report 
to show the present condition of the water supply of 
about 4,000,000 persons, and hence the conference 
on the water question has at least a most powerful 
initiative for discussion. 

It is certain that the general domestic supply of 
water has long ceased to be one involving only 
chemical details. England, Wales, and Scotland 
have abundant natural reservoirs from which a phy- 
siologically (not chemically) pure supply may ce 
derived. At the same time it must be borne in 
mind that absolutely pure water would be simply 
poison to the human system. We require, and a 
do our domestic animals, certain alkaline, and alka- 
line-earth salts to build up the system, and so far 
the chemical element must be remembered. Into 
the engineering details we do not at present pro- 
pose to enter, as they will no doubt be fully dis- 
cussed at the conference next week by the most 
able authorities. Still, we believe that an essential 
feature willbe that while great local centres require a 
large supply, the adjacent smaller districts will have 
an equal degree of consideration. In an engineering 
point of view, it would not be impossible to form a 
viaduct or an aqueduct throughout England and 
Scotland, by which the water and sewage questions 
might have a simultaneous settlement. But perhaps 
that result will only be attained when money is 
no object, and human selfishness has ceased to 
exist. 

Turning to the sewage question, while ac- 
knowledging the great and successful efforts that 
have been made by the Society of Arts in gather- 
ing statistics, and in discussing them at the two pre- 
ceding conferences, invaluable additions to our 
knowledge having thus been acquired, we may 
ask, What has been really effected? Have the 
Rivers Pollution Act, the Noxious Vapours Act, 
the Public Health Act answered,even a fraction 
of their objects. Excellent in their intentions, they 
are toa large extent useless in practice, simply 
because, as we have frequently suggested, there exist 
no adequate means to carry out the provisions. 
Daniel O'Connell remarked that he could drive a 
coach-and-four through any Act of Parliament. 
In our day a heavy summer excursion train would 
have still less risk of damage. Are our small-pox, 
scarlet-fever, typhoid, and other zymotic centres 
decreased in their permanent influence, including 
defective closets, middens, cesspools, and other 
causes? The very system of Board School educa- 
tion has become the centre of disease-propagation. 
Thousands of children are huddled together in the 
school-room. ‘Teachers and superintendents drive 
the child from houses under threat of fine and im- 

risonment, and after the mischief is done the 

egistrar-General makes a — of the spread of 
the disease, a palliative from the medical officers of 
the district appears, and thus local centres of in- 
fection are fostered by those who are supposed to 
be the guardians of the heads and bodies of our 
rising population. 

These remarks are made under the impression that 
the conference of the Society of Arts on public 
health, to be held next week, will especially deal 
with the legal aspect of sanitation. This was inti- 
mated at the conclusion of the conference of 1877. 
Nothing better could engage attention. We have 
laws enough on health questions, and the less we 
have to do with lawyers on the subject, the better 
it will be. Whatis needed is a common sense inter- 
pretation of the law as it now stands, and the Courts 
of Chancery will, as a rule, bear very leniently with 
those who, in endeavouring to benefit public health, 
rather exceed the nominal limits imposed by an Act 
of Parliament than fall short of them. 

We may be permitted to express the hope that in 
the coming conferences one element of discussion 
will be absent—personalities. Sewage and water 
questions have been prolific in these di 
science. Professional men should consider them- 
selves as trustees of knowledge for the benefit of 
mankind, and might for their own sakes, and of those 
beneath them, follow advice given some twenty 
centuries ago—Let no man think too highly of him- 
self—in honour preferring one another, thus laying 
aside, in a measure, professional etiquette and per- 
sonal interest for the sake of public good. 





On the evening of Wednesday the 8th inst., an 
ordinary general meeting of the Society of Telegraph 
Engineers was held at the rooms of the Institution 
of Civil Engineers, under the chairmanship of Mr. 
C. V. Walker, C.E., F.R.S., past-president of the 
Society, when two papers were read, the first by 
Dr. Clarence J. Blake, to whom, we believe, the 
world is indebted for the present simple form of 
Bell’s telephone, and the second by Mr. Frederick 
A. Gower, who was much associated with Professor 
Bell in his earlier experiments. Dr. Blake's paper 
was ‘On the Phenomena of Audition in Connexion 
with the Telephone.” ‘This paper, of the highest 
possible interest in an anatomical physiological 
point of view, was hardly adapted for reading before 
an audience of telegraph engineers, as it dealt almost 
exclusively with the structure of the human ear, and 
the various physiological processes by which the 
sensation of audition is carried to the brain. The 
paper was illustrated by photographs from anato- 
mical drawings of the internal structure of the 
human ear, and of the parts adjacent, which were 
thrown upon the screen by means of a limelight 
sciopticon lantern placed at the back of the theatre; 
but as the reference letters on the diagrams were not 
referred to in the paper, and as no person was 
deputed to indicate with a pointer the parts men- 
tioned, only those of the audience who happened to 
be anatomists could appreciate the photographs as 
illustrating the paper. 

The internal anatomy of the human ear has 
— a very important part in the invention of 

rofessor Bell’s telephone, independent of its 
obvious connexion with it as constituting the organ 
by which all the results of telephonic experiments 
become known to the mind. ‘The first important 
experiments of Professor Bell were made with 
anatomical preparations of the human ear suggested 
to, and made for, him by Dr. Blake, and the 
beautiful logographic curves recording upon smoked 
paper the sounds and vibrations of articulate 
speech were drawn by a fine stylus of straw set 
into vibration by being attached to a prepared tym- 
panum of a human ear, which vibrated to sounds 
produced in its neighbourhood carrying the stylus 
with it. Dr. Blake has, therefore, a high claim 
upon the thanks of telegraph engineers for having 
taken so important a part in the development of 
the telephone which has already led to so many 
nee and physiological discoveries, and which 
has started several altogether new lines of physical 
inquiry. 

The paper by Mr. Frederick A. Gower was upon 
“ The Telephone ,»” an instrument by which 
a very pure reproduction of musical notes can be 
transmitted to a distance by an ordinary telegraph 
wire. This instrument, which was shown at the 
conversazione of the Royal Society, and which was 
briefly referred to in our notice of that soirée, is con- 
structed in two forms, of which one may be called 
the telephonic piano, and the other the telephonic 
harmonium, the sounds of the former being pro- 
duced by blows delivered by hammers in connexion 
with the keys, while those of the latter are derived 
from vibrating metallic tongues or ‘ reeds” set into 
vibration by air from a wind-chest, admitted by 
valves actuated by the keys of the instrument. 
Though differing in the method of producing the 
original sounds the two instruments are identical in 
the principle by which those sounds are transmitted 
to a distant station. 

To the vibrating bar or tongue is fixed, by one 
end, a smaller tongue, which carries at its free end 
a little plate of platinum, that makes contact with 
a platinum-tipped screw whenever the larger tongue 
is set into vibration. The screw is so adjusted as to 
be just clear of the contact piece on the smaller 
tongue when the latter is at rest, but so close to it 
as to make electrical contact if the tongue vibrate 
through the smallest possible amplitude. The appa- 
ratus is placed in electrical circuit with a battery, and 
with a telephone at a distantstation. Below the larger 
tongue is placed either a striking hammer or a valve 
box in pneumatic connexion with a wind-chest, accord- 


to | ing to which form of apparatus it belongs to, and the 


action of the instrument is to transmit along the 
line wire to the distant station a series of intermittent 
currents, the intermittent nature of which is pro- 
duced by the make-and-break arrangement which 
we have described. As an instance of the extra- 
ordinary delicacy with which the contact pieces can 
be adjusted so as to offer a minimum of resistance 
to the vibration of the reeds, it is said that after a 
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key has been struck a continuous note may be heard 
in the telephone for eighty-five seconds afterwards, 

Mr. Gower commenced his discourse (for he did 
not read from a written paper) by giving a sum 
of what had been done and said in connexion wi 
the telephone from the earlier experiments of Pro- 
fessor Bell, with whom he was associated to the 
present time, and he complained, with some warmth 
and a great deal of justice, of the injury which could 
be done and had been done both in this country and 
in America by popular lecturers, who by stumping 
the country and exhibiting imperfect instruments, 
applied perhaps in an injudicious manner, brought 
the instrument into disrepute by giving to their 
audiences a very limited notion of its powers; or, 
to put it more correctly, by conveying an impres- 
sion to their hearers that the powers of the tele- 
phone are very limited indeed, so much so as to be 
available only in certain isolated and exceptional 
cases. 

We have heard a great deal lately of the inap- 
plicability of the telephone to places in which there 
are external noises, and there is some truth in this ; 
for if a single telephone be used and especially by a 
person who is unaccustomed either to the noise of the 
place in question, or to hearing in a telephone at 
all, there can be no doubt that the result is highly 
unsatisfactory ; but there is, as all observing persons 
must know, a great dealin becoming accustomed to 
a disturbing influence on the one hand, and in 
having any particular sense sharpened by practice. 
If an outsider look into the door of a puddling fur- 
nace while the process of hand-balling is going on 
he will see nothing but a uniform blinding glare, in 
which it is impossible for him to detect any objects 
within, but the eye of the puddler is both accustomed 
to the flood of light and is practised in observing 
objects within it, Similarly a casual visitor to a 
boiler shop can hear nothing, but what is shouted into 
his ear, while boiler-makers accustomed to the din 
can converse in ordinary tones within a boiler 
while rivetting is going on outside. Both these 
cases are instances, the one in connexion with 
the sense of sight and the other with that of audi- 
tion, of the important part which both custom and 
practice take in developing special senses for special 
work, and the value of the telephone as a practical 
instrument is very materially enhanced by a proper 
appreciation of these facts. Then again the effect 
of two telephones, one placed to each ear, is far 
greater than twice the effect of one. Not only does 
the second telephone shut out all extraneous sounds, 
without the ‘‘rushing” sensation caused by closing 
the ear with the hand, but by giving an exact repe- 
tition of the sounds, every vibration of which is ab- 
solutely isochronous with the vibrations communi- 
cated to the other ear, the brain is as it were assailed 
from two bastions at once, and an extraordinary aug- 
mentation of the sound as well as of the clearness of 
the articulation is the result. It is a curious physio- 
logical fact that when two ceapeenee of equal 
power are employed in this way the sound is heard 
in neither ear, but is felt unmistakably at the back 
of the head just above the nape of the neck. 

Mr. Gower, in the course of his remarks the 
other evening, stated that in the United States there 
are at the present time no less then 20,000 telephones 
in active employment, and that the great bulk of 
them are licensed by Professor Bell, only a small 
percentage of that great number having been made 
without his concurrence. In Newport, Rhode 
Island, there is a circuit containing fifty-six instru- 
ments, and conversation is carried on all over the 
town with perfect ease. In most of the large towns 
the telephone circuits are connected with a central 
station to which signals are sent, and the local 
transmitting circuit is at once placed in connexion 
with the local circuit in which the destined receiving 
stationis placed. In Boston, which is worked upon 
this central station system, there are 256 telephones 
at work, and that number does not include any of 
the private lines, of which there are a great number, 
or the instruments used within buildings instead 
of peaking tubes. 

The telephone harp was not exhibited to the 
rey but was placed in one of the other rooms 
of the Institution, being connected with a large box 
telephone on the lecture table, as well as with two 
smaller instruments of the same form placed on the 
cornice at the two opposite corners of the theatre. 
The instrument on the table was the original tele- 
phone made by Professor Bell, and in which he 
adopted for the first time the iron membrane or 
diaphragm in the place of the goldbeater’s skin drum, 
which carried at its centre a piece of steel spring, 





The magnet was of the eongennt horseshoe ¥ 
having a coil on each pole, and a large ferrotype 
placed in front of it. The magnet with its coils was 
mounted in a sliding frame, which by means of a 
screw at the end of the instrument could be ap- 
proached to or drawn back from the diaphragm to 
any desired distance within certain limits. The 
resistance of the coils was about 175 ohms. 

When thetelephonic organ wasplayed in the distant 
room, the music was reproduced with great correct- 
ness and power by the instrument on the table, and 
was taken up by the two instruments above the 
heads of the audience whenever they were thrown 
into the circuit, which was done by asmall switching 
apparatus on the table. The overture to ‘‘ William 
Tell” was very faithfully rendered first by the instru- 
ment on the table, then by the two on the cornice, 
and lastly by all three together, and, in consequence 
of the perfect isochronism of the three instruments, 
it was very difficult to distinguish between the 
sounds or voices emitted by each. When a common 
hand-telephone was placed in the circuit it could be 
heard all over the theatre, but it was not of course 
so powerful as the large instruments, and the tone 
was more nasal and metallic. 

Some curious results were obtained by varying 
the distance of the magnet from the diaphragm 
while continous music was being played; the 
maximum effect for power as well as for purity of 
note was when the distance was about ~;th of an 
inch, but the sound could be distinctly heard, 
although faintly, when that distance was increased 
to aninch. The most curious effect, however, in 
connexion with this point was that when the 
magnet was screwed up so as to press against the 
diaphragm, and when the hand was held tightly 
against the other side of the diaphragm, so as to 
press it forcibly against the magnet, musical 
sounds were still perfectly audible throughout 
the theatre,; the effect was as if the instrument were 
shut up in a box, being nearly as pure but consider- 
ably muffled. This is an interesting fact, for it 
seems to indicate a molecular as well asa membranous 
vibration of the diaphragm, and may probably be 
due to the magnetisation and demagnetisation, or 
rather to the variation of pepnete intensity within 
the magnet, producing sounds in accordance with 
Page’s discovery, which sounds were partly reinforced 
by the diaphragm acting as a sounding board or 
resonator. It is probable that there are in the 
telephone both these species of vibration going on 
at the same time, and being perfectly isochronous 
they are perfectly blended, making it impossible to 
separate the effect of one from that of the other. 

hen the telephone harp was placed in circuit 
with an induction coil and a vacuum tube, flashings 
in the latter could be seen when certain notes 
and harmonies were sounded, but the experiments 
in this direction were not sc successful on the occa- 
sion to which we are referring as they were at the 
conversazione of the Royal Society, where the 
were very brilliant and excited great interest. It 
would be an interesting experiment to connect the 
apparatus with a Gassiot star, as devised by Mr. 
or Edmunds, Jun., for exhibiting, by means of 
luminous figures, the variations of sonorous vibra- 
tions, and which we described last week in connexion 
with the Royal Society soirée. There would be 
considerable range for variety of figures, as the 
higher notes of the telephonic organ give as many 
as 1024 vibrations per second, and the low notes 
make about 100. 

In proposing a vote of thanks to Mr. Gower for 
his communication, the chairman announced that 
there will be a special telephone meeting of the 
Society, when papers and discussions will be taken 
upon subjects connected with electric a eegrer £ 
We understand that it has been decided to hold 
this special meeting on Thursday evening next 
at eight o'clock. 





COAL MINING AT THE PARIS 
EXHIBITION.—No. I. 

THe matériel and processes of working mines 
and metallurgical products included in Class 50 at 
the Paris Exhibition, are very largely represented 
both by France and foreign countries. In review- 
ing this class we shall find it convenient to take the 
larger groups of exhibits first before proceeding to 
notice the smaller and more miscellaneous ones, 
We may commence by the collective) exhibit of the 
Committee of Coal Mines of the Departments du 
Nord and the Pas-de-Calais. The President of the 
Committee is M. Vuillemin, of Douai (Nord). The 








exhibit includes a plan in relief to a scale of z5, 
showing the concessions belonging to each company, 
the shafts, workshops, labourers’ cottages, railways, 
canals, roads, villages, &c., and giving a complete 
idea of the coal basin for an area 50 miles in 
length and from 2} milesto 10 miles broad. On this 
plan are indicated the mines of the erm com- 
pee: Auchy aux Bois, Béthune, Douchy, Ferfay, 

icogne, Aniche, Anneullin, Azincourt, Carvin, 
Douges, Escarpelle, Fléchinelle, Liévin, Marles, 
Meurchin, Ostricourt, Bruay, Courriéres, Sens. Of 
these the following companies make exhibits of con- 
siderable interest : 

1. The Coal Mines of Aniche, Aniche (Nord).—This 
company shows (a) a mode of traction (tail ro 
system) ; ye ba relief plan of coal seams; (c) mis- 
cellaneous plans and sections of mines and surface 
works. The first-named exhibit comprises models 
to a scale of s; of the hauling engine placed on the 
surface, the arrangement of pulleys on the surface 
and at the bottom of the mine for the transmission 
of motion, and the permanent way employed, This 
method of traction is employed at the Sainte Marie 
and Dechy pits of the Aniche Company. Limited 
by smallness of space only a portion of the arrange- 
ment is shown, including a part of the permanent 
way at the bottom of the pit, with a 100 ft. curve 
connecting two galleries, but the capacity of 
the system is very clearly defined. The principal 
object of this exhibit is to prove the efficiency 
of this system of haulage in any mine gallery, 
no matter how irregular it may be, without the 
necessity of increasing its dimensions, and that 
the transmission of power from the surface to the 
bottom of the mine can be effected without great 
difficulty. At the surface gi areas placed over 
the centre of the shaft are sufficient to guide the 
ropes to the bottom, where two other pulleys lead 
them to the working, one for the lateral tail rope, 
and the other for the head rope, on the level of the 
gallery floor. A series of vertical pulleys, spaced 
about 30 ft. apart, support the tail rope as far as the 
return pulley. Horizontal and vertical rollers, and 
horizontal pulleys laid on the curves, guide the ropes 
attached to the head and tail of the train in the 
curves of the gallery, and prevent them from 
dragging on the ground. e permanent way, 
23§ in. gauge, is composed of Vignoles’ rails weigh- 
ing 20 1b. per yard, fastened by spikes to oak 
sleepers. e rolling stock is that generally em- 
ployed in coal mines, and does not require to be 
altered in any way. ‘The rope is of sted, weighin 
2.8lb. per yard, and consisting of six strands, eac 
made with a hemp centre. The hauling engine has 
two cylinders, which drive two drama tr means of 

earing. Each of these drums is alternately set 
in motion by the engine, the one held by a brake, 
so that the cables may be properly extended in 
the shaft and galleries, The cost of haulage by 
this system, including the sinking fund on the 
capital, amounts, according to carefully ascertained 
deductions, to 4d. per ton of coal hauled per mile, 
on an extraction of 300 tons per day, and to 3d. per 
ton on 400 tons per day. In France there are few coal 
mines where the application of mechanical means to 
haulage is properly carried out, ‘Traction is usually 
performed by horses, and on a single line of way, 
the amount transported is very limited. At Aniche, 
on account of the insecure character of the rock, the 
galleries are made narrow, and only a single track 
can be laid with passing places at intervals for the 
full and empty trains. e coal seams are thin and 
widely separated, and require to be connected with 
the shaft by means of tunnels, which are very costly; 
for this reason means had to be devised for trans- 
porting the largest possible amount of coal upon a 
single track, which must follow all the windings of 
the galleries. Under these conditions the mode of 
hauling so largely practised in this country has been 
successfully introduced, The hauling engine could 
not be placed within the mine oo account of the 
nature of the ground, which prevented the formation 
of large excavations for the engines, drums, &c., and, 
moreover, the engineers at Aniche do not approve 
of the system of leading steam down the shaft from 
boilers on the surface. The installation of boilers at 
the bottom of the mine was impracticable on account 
of the special conditions of working, there being only 
one shaft divided off for the upcast. If a steam 
pipe were brought down the pit, it was feared that 
the water by condensation would be greater than 
that arising from the method adopted. The various 
reasons which, combined, decided M. Vuillemin to 
adopt the system of transmission by engines on the 
surface were then as follows; 1, The rapidity with 
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which the various levels are worked out, due to the 
seams at Aniche being so thin, and which would in- 
volve the shifting of the complete installation every 
six or seven years, 2. ‘The engineers at Aniche had 
become familiar with the system of traction by 
engines on the surface, this system having been 
employed for many years in sinking the shafts and 
running the galleries. 3. ‘The inconvenience arisin 

from the heat from the descending steam pipe, an 

the difficulty of providing for the exhaust, when, as 
in the Sainte Marie mine, there is only one shaft. It 
was feared also that the maintenance of a steam pipe 
about 1000 ft. long would be excessive. 4. The difli- 
culty and expense of forming chambers in the mine 
large enough for the engines, drums, &c., and the 
inconvenience of maintaining the same. The loss 
of power in raising the cables in the shaft is, it was 
considered, far more than balanced by the advantages 
gained in the system adopted. In November, 1876, 
the length of line laid at Aniche was about 1000 


yards. 

2. The Relief Plan of the Marie Vein.—This plan 

shows with great accuracy the exact features of this 
vein at a depth of 2130 ft., and toa scale of 45/55. 
The vein Marie is one of the best-known seams of the 
deposit in this district. It was opened by the 
Renaissance workings in 1841, at a depth of 482 ft., 
then, successively by the workings of St. Louis, 
Archevéque, 754 ft., Sainte Marie, 1148 ft., and 
Fénélon, 1357 ft. ; in these seams for a distance of 
about three miles, the coal has been entirely ex- 
tracted. The plans aud sections of these workings 
have been prepared with an unusual amount of accu- 
racy and minuteness, and it is from a portion of these 
that the relief of the Sainte Marie seam has been 
made, In preparing the plan the various galleries 
were laid out carefully on pieces of wood of a thick- 
ness equal, on the scale, to the distances separating 
the different levels ; these pieces were then cut down 
to the contour of the lines traced, and placed 
together so as to form a mould in which plaster was 
poured, so that an exact reproduction of the scams 
was obtained, The strata passed in sinking the 
shafts are represented at the sides of the plan. The 
seam dips from the Renaissance workings to Sainte 
Marie (east to west), It has been recut at 
450 ft. at La Renaissance, at 403 ft. at Traisnel, and 
at 761 ft, at Sainte Marie. The seam then runs 
eastward. Its inclination varies from 15 deg. (at 
Archevéque) to 90 deg., and even more (west of 
Sainte Marie). ‘These variations in direction are not 
abrupt, except west of St. Louis, where a fault 
running from north to south has thrown off the vein 
for a distance of about 65 ft., and again to the west 
of Archevéque. 
_ 8. Vertical Sections of Strata passed.—The same 
company also exhibits two vertical sections to a scale 
of s4y, the one showing the position of the various 
seams at Aniche, and the other the veins of rich 
bituminous coal of Douai. These sections are 
made in various planes, so as to show clearly the 
whole of the seams ; the position of each shaft is in- 
dicated, with the strata through which it has passed, 
and dotted lines in red show the extent to which 
the seams have been worked out. 

4. Plans at various Levels —Two plans on dif- 
ferent levels drawn to a scale of z;4, complete the 
data afforded by the sections just alluded to. In 
these plans are shown the various shafts, and the 
extent of workings to which each refer. 

5. Diagram of Coal Production —The production 
of the ay from 1840 to 1878 is indicated by a 
curve, which shows a ual and regular progress 
since the first-named date. 

6. Sinking of the Roucourt Shafts—This work is 
represented by plans and sections, and gives a com- 
plete idea of the means adopted by the Aniche Com- 

y to increase their production. Both shafts will 

e employed for raising the coal, but one of these 
will be also employed for other purposes—pump- 
ing, ventilation, raising and lowering men and 
matériel. They are 115 ft. apart, this distance 
having been fixed upon in order to plate between 
them the engine houses, boilers, &c. The shafts 
are lined with wood for a depth of about 157 ft. and 
afterwards in cast iron to a depth of 240 ft. The 
clear diameter of the lined shaft is 13 ft. lin. The 
Aniche Company being desirous of employing 


system of M. Sulzer; it is effected by the Sulzer 
balanced valves, and the variable expansion is regu- 
lated by a governor ; but the mechanism controlling 
the valves, in place of consisting of a shaft, 
eccentrics, and cams, is composed of an expansion 
link, and a system of levers connected to the centre 
of the link. This mechanism acts on a compound 
lever by means of which the steam and exhaust 
valves are operated. We hope to publish drawings 
and description of this engine, one of which is ex- 
hibited in Class 50 by the Société Anonyme des Con- 
structions Mecaniques d’Anzin (Maison Quillacq). 








TELEGRAPHIC APPARATUS AT THE 
PARIS EXHIBITION.—No. I. 

Tue display of telegraphic apparatus at present 
in the Exhibition is by no means imposing ; but, on 
the contrary, is somewhat disappointing. ‘The 
annexe to the rear of the great building and border- 
ing on the Avenue de Lamotte-piquet (numbered 
70 on our general plan), which is to be specially 
devoted to Shetslent exhibits, is as yet wholly — 
In fact, the building is not nearly finished. It is 
a little wooden chalet with ornamental eaves. The 
casket is pretty enough, but there is nothing in it 
yet, except joiners’ benches and shavings. ‘Those 
telegraphic and electrical exhibits which are already 











installed are scattered over the various national 





sections, and being very sparsely scattered, they are 
difficult to discover amongst the profusion of 
larger mechanical appliances. It was to be expected 
that the United States would figure prominently in 
this class of instruments, but although a consign- 
ment of telegraphic apparatus has, we believe, been 
sent from America, they are not yet installed in the 
United States Section. Indeed, the only electrical 
apparatus to be seen there yet are several of 
Weston’s dynamo-electric machines, As far as 
numbers go, England has unquestionably the best 
show of telegraphic appliances at present. Messrs. 
Siemens Brothers, and the British ‘Telegraph Manu- 
factory, have rather a fine display of galvanometers, 
Morse instruments, keys, condensers, resistance 
coils, and specimens of covered wires, insulators, 
and so on. Messrs, Siemens also furnish a hand- 
some cabinet of cable specimens, including lengths 
and sections of torpedo, German underground 
Berlin-Hamburg), Direct United States, and Rio 
e Janeiro-Maldonado cables. ‘The British Tele- 
graph Manufactory exhibits are principally made 
up of Post-Office instruments, including the duplex 
Morse, Side by side with these specimens there is 
shown a Jamieson grapnel with retractile finkes as 
described in ENGINEERING, vol. xxiv., page 431, and 
a lightning protector, and signalling key by the 
same inventor. Here and there throughout the 
Exhibition there are single exhibits. In the Russian 
Section, for instance, there is a case of transmitting 
and receiving instruments with keys and batteries, 
from M. Petsch, of Warsaw, and in the Swedish 
Section there is an Ericcson automatic instrument. 
We hope to describe the most important of these 
in greater detail afterwards. As regards railway 
signalling appliances there are in the English de- 
artment, working models of Messra. Saxby and 

armer’s united block and interlocking systems, and 
of Tyer’s patent electrical repeater. Messrs. 
Zimdar also exhibit their pneumatic bells and de- 
spatch, while in the annexe set apart for railway 
plant there are several examples of wrought-iron 
telegraph poles exhibited bythe Compagnie de 
l'Ouest. 





RAILs IN THE UNITED StaTEs.—The production of rails 
in the United States in 1868 amounted to 506,714 tons. In 
1869, the correspondi uction was 593,586 tons; in 
1870, 620,000 tons ; in 1871, 775,733 tons ; in 1872, 1,000,000 
tons ; in 1873, 890,077 tons ; in 1874, 729,413 tons ; in 1875, 
792,512 tons; in 1876, 876,629 tons; and in 1877, 764,709 
tons. The production of iron rails in the United States in 
1868 was 499,489 tons ; while steel rails were made to the 
extent of 7225 tons. In 1877 the production of iron rails 
had fallen to 332,540 tons, while that of steel rails had 
increased to 432,169 tons. 


AMERICAN MECHANICAL INDUSTRY—The National Loco- 
motive works, of Connellsville, Pennsylvania, have received 
an order for two narrow gauge locomotives for a new line 
in Oregon, as well as an order for an horse power 
stationary engine for Butte City, Montana. The Phenix 











economical,working engines, well adapted for raising | tron Company, Pennsylvania, has secured a contract for 
coal as i pths at certain fixed speeds, and | building — ion trae bridge in Cuba ; the bridge is to be 
easily soto’ ‘wf has adopted a winding engine on | of 198 ft. span. The Keystone Bridge Company, Pennsyl- 
the Sulzer-Martin system, manufactured by the | ea ae eee ae doe ot 180 tan The 
Quillaeq Company. This ey, nm has two ¢ jlinders same com has received another order from Messrs. 
294 in, in diameter and 63 in. stroke. The distribu-| Ajtison and Co. for an 80 ft. iron plate girder railway 
tion of steam is a modification by M. Maftin of the | bridge to go to Cuba. 





THE KEELY MOTOR. 


Tax followi a Roa J. a of the 
Franklin Institute, Philadelphia, upon so-called Keely 
motor, will be read with interest. a 


Last fall Mr. Keely invited from the New York Herald 
an expert examination of his famous motor, offering every 
facility for the fullest investigation, to the end, as he ex- 
pressed it, that there might be published to the world the 
conclusions arrived at,so determining whether his claims 
are justly made or not. This invitation was accepted, and 
the examination was entrusted to Mr. J. B. Knight, of this 
city, in every way competent to examine the motor as a 
scientific engineer. The results of this interesting and a 
parently conclusive investigation have never been nae 
public, and we now lay them before the reader, in the ex- 
pert’s own , only omitting some ical descrip- 
tions of the machine, which would be unintelligible without 
drawings. The examinations were numerous and thorough, 
extending over several months. 

In accordance with the invitation exténded to me by Mr. 
J. W. Keely, last fall, I, upon several occasions, visited and 
examined the apparatus known as the ‘‘ Keely Motor,’’ and 
witnessed certain experiments rer by Mr. Keely, all 
of which were offered in proof of his claim to have made 
new discoveries of great importance. Verbally and in 
writing, over his own signature, Mr. Keely emphatically 
and distinctly declared, in inviting me to visit his shop, that 
I should have every facility for making a thorough investi- 
gation, with the view of publishing to all the world my 
conclusions as to whether or not his claims are justly made. 
It was promised me that his machines were to be dis- 
mantled either before or after his experiments, as I might 
desire. I was to be shown all the drawi and plans ; to 
examine the detached portions of the machines; to test his 
gauges or to use my own; to subject to chemical analysis 
the vapour manufactured by him—in a word, I was pro- 
mised the opportunity of making a complete examination 
of the Keely Motor and all that pertained to it. This was 
the understanding with which I accepted the invitation. 

Mr. Keely’s claims, as stated to me previous to my first 
visit, and from time to time afterwards, were as follows : 

That he has discovered a new vaporic, or gaseous sub- 
stance, which he can produce, by mechanical means alone, 
in a machine called a ‘‘ multiplicator,’’ without the use of 
heat, chemical substances, electricity, or galvanism, or any 
other means than the air and water alone in the machine. 

That he can produce and utilise this vapour at an 
elastic energy of 10,000 Ib. to the square inch. 

That no differential pistons or similar devices are used in 
the machine. 

That the vapour is condensible in water. 

That by so condensing it a vacuum of 17 lb. to the inch 
ean be produced. 

That the vapour is many times lighter than hydrogen, 
and differs entirely from any other known substance. 

That, by making continuous ‘‘ expulsions,’’ he could con- 
tinue the running of an engine without intermissions. 

Upon visiting Mr. Keely’s shop I saw three ‘‘ multipli- 
cators,’’ differing much in size and somewhat in appear- 
ance, although they were all said to be constructed on the 
same principle. The largest of these machines weighs, as 
I was informed, 41,000 lb. It occupies the whole of one 
side of his workshop, is made of massive wrought-iron and 
steel, and appears capable of withstanding great pressures. 

The smallest machine is known as his working-model ; 
it is about 2 ft. long by 14 ft. high, and probably weighs 
300 Ib. to 400 Ib. It is made of steel and brass. 

The third machine is between the other two in size. It 
is new and was not used in any of the experiments wit- 
nessed by me. 

Mr. Collier, the attorney and representative of Mr. Keely, 
furnished me what he declared to be a full description of 
the construction and operation of the large ‘‘ multiplicator’’ 
and the apparatus attached to it, these being the ones 
4 y used in the experiments afterwards shown me. 

e stated that the small or model “‘ multiplicator,”’ was 
the same in all essential particulars. 

So far as relates to the external spqeemees and manipu- 
lations of Mr. Keely’s machinery, I found his description 
of it sufficiently correct. But as regards their interior 
construction, operation, and results [ am compelled to 
differ very widely and to dissent very materially. 

On my first visits, after Mr. Keely had put the water and 
air into the multiplicator, and quickly raised and lowered 
the lever, I was distinctly told that the operation was 
completed, and that the multiplicator was then filled above 
the water line with vapour, the pressure of which would be 
determined by opening communication with a pressure 

uge. The gauge was not, however, attached directly to 

e multiplicator, but to a small hollow sphere on the top 
of the heavy, strongly-bolted cylinder, called the re- 
actionary device. On suddenly opening and closing cocks 
in the pipe leading to this sphere, the mercury in the gauge 
was seen to rise and to stand, during different experiments, 
opposite figures representing from zero to 11,000 lb. of 
pressure per square inch, 11,000 being the highest I ever 
saw indicated. Later on I was told that the vapour in the 
multiplicator had its expansive force in a latent condition, 
and that it was not developed until it had passed through 
the reactionary device. 

This statement was in direct contradiction to the first 
made, and was not in accordance with the fact; for, on 
more than one occasion, the expulsion was le, and 
small steam engine run with the pipes leading to the 
reactionary device entirely disconnected. ; 

The portions of the so-called ‘“ reacting device ’’ for the 
new unfinished ‘‘ multiplicator,’’ and the drawings said to 
be those from which the one in use was constructed, were 
shown tome. It would be impossible to describe them with- 
out illustrations, but the principle was,as Mr. Keely claimed, 
that the vapour ed between two steel discs, 10 in. or 12 in. 
in diameter, and that in so doing the vapour was set into vi- 
bration in such a manner at to develop its latent expansive 
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force. Other portions of the a; were said to per- 
form functions which are impossi any of the known 
physical laws ; and, in fact, every tion of the action 
of this device, as well as the “ multiplicator,’”’ was at 
variance with the best known laws of physics. 

As a proof that the pressure was as represented by the 
gauge, connexion was made with the weighted lever appa- 
ratus ; but the conclusions drawn from its operation were 
not favourable, and will be referred to further on. 

Still another alleged proof Mr. Keely called the ‘‘ rupture 
process.” It consisted in rupturing pieces of rubber pack- 
ing in the following manner :—A piece of ordi thick 
rubber packing was | wwe over the end of a tube with }3 
in. opening, and held firmly at its edges by a coupling Ber 


having the same opening. Vapour was then 
until the pressure forced ont the centre of the sheet, which 
it did with a sharp noise. This, Mr. Keely » Te- 


quired a pressure of 400 lb. per squareinch. Similar ex- 
periments were made with thin pieces of sheet copper in the 
form of hemispheres, which required, Mr. Keely declared, 
2200 Ib. per square inch to blowout. This rupture process 
proved nothing. 5; : : : ae 

I undertook this examination with as little bias of opinion 
as possible, and without any prejudice for or against the 
Keely Motor, but my suspicions were soon aroused regard- 
ing the great amount of pressure claimed. One of the first 
suspicious circumstances which attracted my attention was 
that in no case was there the least outward indication of 
such immense pressures as were alleged to be instantly pro- 
duced in the apparatus. There never was the least noise, 
shaking or straining of parts, and a copper tube bent toa 
quarter circle on a radius of two feet showed no disposition 
to straighten, as it should do, were it instantaneously sub- 
jected to pressures of 10,000 Ib. or 11,000 Ib. to the square 
neh. The gauge used is known as the Shaw gauge. It was 
graduated to 12,000 lb., and while I have no reason to doubt 
its correctness as originally made, its construction is such 
as to offer peculiar facilities for so altering it as to make a 
small pressure indicate a very highone. My belief that the 
gauge had been so altered was confirmed by Mr. Keely’s 
positive refusal to allow me to test it, notwithstanding his 
written and frequent promises to do so and the urgent and 
persistent entreaties of his friends. 

When Mr. Keely made an “ expulsion’’ for the purpose of 
running the engine, he set the “‘ multiplicator ’’ somewhat 
differently, and the small copper pipe leading to the “‘ reach- 
ing device’’ was entirely disconnected. Certain cocks at- 
tached to the outside of the large sphere were opened, and 
water was run in and out again with the view of showing 
that it was empty, a test which, under the circumstances, 
had no value whatever. After much opening and closing of 
cocks and other manipulations apparently useless, and for 
which no intelligible reason was given, the expulsion lever 
was moved as before, and we were told that the sixty- 
gallon sphere was filled with vapour. 

The ‘‘ suppression engine,’’ as the single-acting beam en- 
gine was called, was then started, for the alleged purpose 
of determining whether or not the vapour would run the 
double-cylinder engine. This proved satisfactory—to Mr. 
Keely—the steam engine was started, but the vapour was 
not taken from the sphere which I was shown as empty, 
but from the otherone. This was not easily observed, as 
there was a confusing number of pipes and valves manipu- 
lated, and Mr. Keely constantly drew the observer’s atten- 
tion toother things. Beyond a doubt, in my judgment, 
compressed air had been stored in the 12}-gallon sphere and 
was used as required. 

This steam engine was driven with such power that I was 
unable to stop it by bearing my weight on the fly-wheel 
(which had 24 in. diameter), nor could I stop it by placing 
my hand over the exhaust pipe. This engine would run 
for a short time, in no case exceeding ten or twelve minutes. 
There was no gauge by which the pressure could be deter- 
mined in this case, but from the behaviour of the engine it 
is probable that there was a pressure of 200 lb. per square 
inch in the sphere. As I have already said, Mr. K.’s gauge 
was attached to the reacting or vibratory apparatus, 
which he did not use in these experiments. 

In relation to the “‘ suppression engine,’’ as it was mys- 
teriously called, Mr. Keely always asserted that it required 
800 lb. pressure per square inch to start it. I was also 
assured repeatedly by Mr. Keely that the area on which 
the pressure acted was only that of the end of the plunger, 
as seen from the outside, and which was 14 in. in diameter. 
I afterwards discovered that there was a cylinder 2} in. in 
diameter concealed below, the piston of which was attach 
to what appeared to be the plunger. The pressure really 
required to start this engine could not be more than 25 lb. 
to 301b., as it moved so easily that the force exerted on the 
fly-wheel with one finger, through half a revolution, was 
sufficient to keep it in motion for several minutes. In 
operating the engine no vacuum was produced or utilised, 
as claimed by Mr. Collier, and, on one occasion, Mr. Keely 
himself declared that a vacuum could not be so utilised. 

_ With the weighted lever apparatus, the same opportu- 
nity seemed offered for having a larger piston concealed 
below, as was the case with the “ suppression engine.” 
This fact, taken in connexion with the refusal to permit me 
toexamine the lever apparatus, and other circumstances, 
convinced me that the indications of this machine were de- 
lusive. In no case was this apparatus attached directly to 
the “ multiplicator,”’ or even to the ‘‘ reacting device,” but 
always indirectly through an intervening vessel. 

The most astonishing statement as to properties of the 
a vapour was that by its condensation a vacuum of 
more than 17 lb. per square inch could be obtained. In 
mae of this claim Mr. Keely made a set of iments 
with vapour from the smallest ‘‘ multiplicator.”’ In setting 
the machine for this purpose, water from the hydrant was 
ran in and then air was pumped in and certain stop valves 
ee er Fo 
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PR aot in which the vacuum was to be produced 
0 of two brass spheres, of about6 in. or 7 in. external 
diameter, connected at the lower side by a pipe of about 
1 in. outside diameter, and ported 
base, apparently solid. One of these sp was declared 
to be unnecessary and not in use in these experiments. 

From the top of the spherical vessel a small tube led 
down to near the base and ended in a tumbler of water. 
From near the top another tube led to the gauge, and tubes 
also led from different parts of the multiplicator to the 
ae ipe —— the Rapes at the bottom. bo 
sphere being apparently empty, water was poured in un’ 
it seemed nearly full. After making an expulsion a small 

uantity of vapour was allowed to from a receiver in 
the multiplicator to the sphere through the pipe at the 
bottom, up through the water therein, thence | odin § the 
tube connected at the top, and appeared bubbling out 
through the water in the tumbler, the passage to the gauge 
being closed. Upon closing the pipe leading to the tumbler 
and opening that to the gauge, the mercury rose to various 
heights, on different occasions up to 294 in., representing 
a vacuum of 14§ lb., the nearest approach shown me to Mr. 
Keely’s 17 lb. 

At my vequest Mr. Keely repeated the vacnum experi- 
ment several times with the vapour made at one expulsion, 
and it was found that the amount of ap t vacuum de- 
creased each successive time, the following being the read- 
ings of the gauge in one series: 294, 163, 74, 43, 34, 2}, 2. 
This action points clearly to the use of a previously ex- 
hausted chamber or its equivalent, the gauge being put in 
communication with it and the small amount of air in the 
tubes leading to it and admitted each time, serving peer 
to fill the exhausted chamber, until with frequent repeti- 
tions it was entirely filled. The same effect would be pro- 
duced by the use of a cylinder, the forward movement of its 
ayy being resisted by a spring ; but when pushed forward 

y the air-pressure pumped into the ‘‘ multiplicator”’ 
would be drawn back ty the spring, producing a tendency 
to vacuum, which could be utilised in hme ape gauge. 
This is but one of the contrivances that could be used, for 
it would be no great feat to build a machine of the same 
outward appearance as that employed by Mr. Keely and 
using an air-pressure of 40 lb., as he does, in operating the 
internal parts to produce the same action of the vacuum 
gauge. 

In operating the vacuum apparatus there was the same 
ostentatious manipulation of cocks and valves, apparently 
intended to divert attention from some act ‘which it was 
desirable to conceal. One such act in this case was Mr. 
Keely’s standing with a wrench in his hand and directing 
an assistant to open the cock leading to the gauge, while, 
at the same instant, he loostned a coupling nut ona pipe 
leading to the vacuum apparatus and allowing a quantity 
of regent (air) to escape. When he was asked to explain 
this, Mr. Keely showed confusion and evaded an answer. 

In the production of this so-cailed vacuum Mr. Keel 
claims to utilise the alleged property of the vapour, whic 
enables it to be absorbed when presented to the proper area 
of water. i i 


Now, in passing the vapour into the sphere to 
produce a vacuum, it is allowed to bubble up through the 
water under a pressure slightly in excess of the atmosphere, 
and to claim that the vapour will be absorbed at the water’s 
surface by simply turning a cock, is too absurd to entitle it 
to any weight; moreover, the chemist’s report appended 
shows that it is not absorbable. 

On November 4th we made our final visit to Mr. Keely’s 
establishment, and he repeated most of the experiments, 
with this difference: I had insisted upon a gauge being 
attached to the ‘‘ storage’’ sphere, so as to in the 

ressure of the vapour with which the engine was run. 

nstead of so connecting it, the gauge was attached to a 
brass sphere, about 12 in. in diameter, placed near the 
‘suppression engine.’’ The vapour was alleged to be 
made in one of the large spheres or the multiplicator, led to 
the next, then to the brass one, and then to the gauge. 
The engine was run with about the same effect as before 
described, but for less time, and soon showed signs of ex- 
haustion. 

I had been promised a sample of the “ vapour,’’ and 
while the engine was running 5 og this occasion, I filled a 
bottle from the exhaust pipe. Mr. Keely had prepared a 
strong iron vessel with a stop-cock, which he then charged 
with ‘‘vapour’”’ under a pressure, which he emphatically 
declared, of 1200 lb. to the {square inch, that being the 

age on the sphere. of taking it 
icator, however, or even from the brass 
sphere to which the gauge was attached, he led a tube from 
the sphere to a receiver attached, to his so-called ‘‘ vaporic’’ 


, @ machine to which our attention had not before been | and 


irected and which we had no opportunity to examine, and 
in this indirect way charged the tube. 

These samples of Mr. meg ‘‘vapour’’ were at once 
submitted to C. M. Cresson, M.D., the well-known chemist, 
fora careful analysis. By his report, hereto attached, it 
will be seen that the so-called ‘‘ vapour” is m atmos- 
pheric air, and that the pressure in the tube was only 225 Ib. 
instead of the 1200 Ib. claimed. 

The pressure shown by the gauge upon the occasion of 
this last visit was not so great as at other times, being 
only 1300 lb.; but it having been my design to test the 

uge immediately after having seen it used, I now asked 
itr. Keely for it. He professed surprise, made various 
excuses, and finally absolutely refused yA ra the gauge 
to be touched, and asserted that he never intended 
that any part of his apparatus should be dismantled. Mr. 


Theodore Puskas, an influential director, and said to be | his 


the largest stockholder in the company; Mr. Chas. B. 
Collier, another director and the solicitor of the company, 
and Mr. Keely’s intimate friend; Mr. Boekel, another 
friend; Mr. Rtesilenmenms Mr. Keely’s ne hew, and 
pt a a sen aan i ets ile = 
endeavouring to induce Mr. permi' gauge 
be tested, but he firmly and persistently refused. 


united in } i 





Thus it will be seen that there was not. the least. 
SS ee eee a new eeeled te 
not claiming ve shown methods employed 
Keely, been clearly shown that all his 


, it has 
can be ‘formed with am neice. feng 
weed ‘ore, the follo con are fully war- 
Tan : - 
1. That the machine called the ‘*multiplicator,’’ with 
its attachments, including the so-called “ device," 


Abels guectnous siseneth i Coaeals eenehomers CaaS 
ir enormous en’ - 

ressure to which they are pablechad: but are 
rather calculated to astonish and mislead those who witness 


nis that the extro high pressure claimed 

a e me hi i was not pro- 
duced, probably in no case exceeding 500 Ib. Lael 
inch ; and that the rea of the gauges and weighted 


lever apparatus were ; 

3. That the so-called vacuum was not by 
condensation or absorption of the va but by 
mechanical means, suchas a provicudly eahiusted chamber, 
or its equivalents. 

4. That the substance used and claimed by Mr. Keely to 
be a new vapour of his own discovery is simply atmospheric 
air, which been previously com and stored 
up in the various hollow spheres and other chambers 
7) - apparatus in the in! between the experi- 
ments. 


i 


The Chemist’s Report. 

Sir,—I have completed the examination of the gases 
brought tome. That which was labelled “ gas collected 
from the exhaust pipe of engine exhibited by Mir. Keely as 
— - by vapour from the Keely motor machine,” con- 
sisted of : 


Per cent. 
Oxygen 66 i 20.85 
Nitrogen ... beg ee 79.15 
And did not contain any appreciable amount of any other 


gas. 
That contained in the wrought-iron tube labelled ‘‘ vapour 
roduced in the Keely motor machine, received from Mr. 
eely for examination, and said to be under a pressure of 
1200 Ib. to the square inch,’’ consisted of : 


Per cent. 
Oxygen ... ove . 20.88 
Ni DM cco eco a 79.12 

And was free from all other gases. 

I ascertained that the pressure to which the was sub- 
jected in the iron tube was 15 atmospheres (225 Ib. to the 
square inch), and it was not under a pressure of 12001b. 
per square inch, as noted upon the label. The results in 
analysis were obtained by examination, in which the 
was treated over mercury without contact with water. 
—_ latter sample was found to be very free from mois- 

ure. 

To determine whether the latter gas was condensible 
water, an accurately measured amount of it was 
toa varying water surface in an eudiometer 


was no loss of value, _ consequently no absorption by the 


water. Ordinary ai heric air contains (‘‘ Bunsen’s 
Gasometry,’’ London, 1857, page 71): 
gen... oss we »» 20.97 20.84 
79.08 79.16 


Ni oo tl) ee ereece Te 
It is evident, therefore, that the samples examined are 


simply atmospheric air. 


pectfully, 
(Signed) CHARLES M. Crzsson, M.D. 
417, Walnut-street, Philadelphia, December 6, 1877. 





oad dsualtiing of cakcion the Cait tae 
sire c+) 
Grand 1 Trunk Railway Company of Canada has built 
number o cars adapted more especially 
heavy freight. In the construction of these ‘e 
pany has aimed, first, at securing a red of dead 
weight ; ve pm oy i th 
capacity. Di new cars are upon 
fae | euch af tham has m Yednced dendweliae be 9 
cent. and an increased capacity of at least 3 or 25 
cent. The cars are 30 per cent. shorter than 
ordinary stock, which is regarded as an advantage in 
TES 
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creasing the length of trains. 
InoN SHIPBUILDING IN THE UNITED STA: 





: 


of iron shipbuilding in the United States may 

be said to date from 1839, when an iron steamboat was 

built oh Feiont h. baie Renpee ati the V; Forge, 

‘or general navigation purposes it was suc- 

cessful. Other iron vessels were subsequ at 

placer which fully realised the hopes of builders, 
among them an iron schooner for ocean service, and 


Ee 


iron steamer, ey » for service on the lakes, 
ey ow: 2 ; t about 1842. In that 
ear Captain John Ericsson, of New York, furnished 
designs for four freight a ye iron steamers, which were 
built for the Delaware and og epee oe | 
after his designs the, pelle Mak cipetde tamed ta _m 
e 8 ‘or the 
revenue service, 150 x . beam, po orth , 
r boats for the Erie each 80 ft. 
beam, and 6 , ft. . In the 
Ericsson built two s 
to run on the James River Canal, 
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THE GEOMETRY OF METACENTRIC 
DIAGRAMS* 


By W.H. Warrz, Assistant Constructor of the Navy, and 
Instructor in Naval Architecture, Royal Naval College, 
Greenwich. 


METACENTRIC diagrams are now so generally used as a 
convenient means of graphically recording variations in 
stiffness accompanying ch in the lading and draught 
of water of ships, that I need not — any explanation 
of their method of construction. The limits of load and 
light draught are obviously those within which such curves 
can be put to any practical use, and they are usually only 
constructed over such a range of vertical displacement as 
will insure for the metacentric curve within 
those limits of draught. On the other hand, the geome- 
trical properties of the loci of the centre of buoyancy and 
the metacentre are quite independent of these limits, and 
the object of the present “— is to briefly state one or two 
of these properties, which have not, so far as I am aware, 
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yet been stated, and which may have some interest for the 
student, even though they have but little practical value. 

It is scarcely necessary to say that the great varieties 
existing in the under-water forms of different types of ships 
produce corresponding variations in the forms of the curves 
shown on the metacentric diagrams, and that it is not safe 
to infer from a similarity of shape in the midship sections 
of two ships that the curves on the metacentric diagrams 
will be similar, since there may be considerable differences 
in the forms of the respective transverse sections towards 
the bow and stern. A few examples of the metacentric 
diagrams for actual ships will be the best evidence of these 
general statements. 

Fig. 1 shows a very common case for warships of ordi- 
nary form. The curve through the centres of buoyancy is 
nearly a straight line, and the metacentric curve gradually 
rises from the load towards the light draught. 

Fig. 2 illustrates the condition of a vessel of the Symon- 
dite type, with “‘ peg-top’”’ bottom. The metacentric curve 
is here concave to a horizontal line, and its height in rela- 
tion to the curve oe the centres of buoyancy decreases 
as it passes from load to light draught. 

Fig. 3 illustrates the condition of a vessel like the Incon- 
stant ; here the metacentric curve is nearly horizontal, but 
slightly as it passes from load to light draught. The 
Captain had a very similar metacentric curve. 

Fig. 4 shows a case where the metacentric curve drops 
slightly as it passes from the load draught towards a 
lighter draught ; then has a horizontal tangent, and after- 
wards rises as it passes to the lighter dranght. 

There are other varieties in these metacentric curves, 
but I need notillustrate them, The calculations necessary 
to their construction are so simple that any attempt to 
dispense with calculations, by generalisations as to the 
forms of metacentric curves, would be as ill-advised as the 
previous diagrams show it might be dangerous. For pris- 
matic bodies of regular forms it is, of course, easy to obtain 
equations for the metacentric curves, and some interesting 
work of this kind will be found in a paper contributed by 
Mr. G. Stanbury to the Annual of the School of Naval 
Architecture for 1872. For ships similar equations cannot 
be found, nor are they required. 

The first subject to which I wish to direct attention is the 
determination of the conditions under which the tangent to 
the metacentric curve at any point can become horizontal. 
In very many cases no such horizontal tangent can be 
drawn within the limits between load and light draught, 
but in nearly all metacentric curves such a “ tarning”’ 
point or poi will exist, and I have never seen a state- 
ment of the conditions essential to its occurrence. These 
conditions may be briefly stated as follows : 

At any draught of water for which the metacentric curve 
has a horizontal t the principal transverse sections 
of the surfaces of flotation and buoyancy must be con- 


centric ; in other words,jthe centre of curvature of the curve 
of flotation must be coincident with the metacentre. 








This is very simply provéd. Let Fig. 5 
cross section of a ship floating at the water-line W, L; 
For this water-line suppose 

Z = draught of water A C. 

V = volume of displacement. 

B, the centre of buoyancy, at depth y below W, L,. 

M, the transverse metacentre. 


=R- =. 
Vv 


W: L,, which lies very close to W, L;, suppose 
Z+d Z=draught of water. 
V+d V=volume of displacement. 
I +d I =moment of inertia of plane of flotation. 


buoyancy, and M, that for the metacentre. Also, 


I+dI 
B, M,=2+d R= . 
ienainail V+dv 





rig.3 


fatarentric Curve 


resent the 


I=moment ij inertia of plane of flotation, so that B, M, 


When the vessel has been immersed to the water-line 


The point B, indicates the new position of the centre of 


of curvature of the curve of floation at all d hts i 

coincident with the fixed metacentre, all suneen of fete 
being circles concentric with the cross sections of the 
surface of the floating body ; and the general principle holds 


Another particular case is that where a ship is “wall. 
sided”’ in the neighbourhood of the wetentios (WwW, 
Fig. 5). The centre of curvature then lies in the water. 
line (dI being zero), andif the metacentric curve has a 
horizontal tangent at the water line W, L, the metacentre 
must lie on that water-line ; in other words W, L, will be 
the horizontal tangent. _ 

This condition of horizontality in the tangent may occur 
at several points along a metacentric curve. In Fig. 6 a 
metacentric curve for au actual ship is shown, with two 
such points marked A‘ andC!. Fig. 7 is a companion to 
the metacentric diagram in Fig. 6. Measurements along 
the axis of abscisse indicate volumes of displacement 
(V), while the ordinates indicate the corresponding mo- 
ments of inertia (I) of the planes of flotation. Hence the 
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The following equations will then hold : 





_ _dViytide) y.dV., » . 
éga23B, Bo limit ‘ 
y=5B, By V+av wav imit) (1.) 
d R=B, M,-B, M=1+21_1_Va@I-IdV @) 
V+dV V V(V+dV) 
M, My=dy+d R= VV VII dV 
V+dV V(V+dV) 
—VdI—dV(I~Vy) (3.) 


~ V(V+dv) 
(V+d V) M, M,=a IJ .dVey.adv. (4) 
When the tangent to the metacentric curve becomes hori- 


zontal, consecutive points upon it such as M, and M, are 
at the same height above the line W; L,; in other words 


M, M,=o. Equation (3) then becomes 
o=V d I—d V (I—V y) 
whence 
ee 
av vv” 
al! 


d yor =A M, (Fig. 5) . (5.) 


Transactions for 1870, shows tha 
av 
line W, L,=A Mj. 


In other words the metacentre M, is coincident with the 
centre of curvature of the curve of flotation, when the 
Of WY the metacentric curve becomes horizontal 


A particular case is that for a right circular 


centre for all draughts, hence the 





* Read before the Institution of Naval Architects, 














| 
| the metacentric curve has horizontal tangents correspond 


to A, B, and C respectively on Fig. 9. It will be seen that in 
Now M. Leclert’s elegant investigation published in the | each case the ratio A equals the height of the metacentre 
t 


I _ radius of curvature of curve of flotation for water- ‘ general principle stated 











inclinations of the tangent to the curve of moments of 


inertia determine values of the ratio ¥ I and of the radii 


of curvature of the curves of flotation at different draughts, 
in the manner suggested by M. Leclert. To the point A' 
on the metacentric Tosnees (Fig. 6) corresponds the ordinate 
AB on Fig. 7. Hence according to the general principle 


above stated the ratio a at the point A should be equal 


to the height of A' above the corresponding water-line : this 
height is indicated by the length A'B! in Fig. 6, and is 
14.8 ft., which exactly equals the ratio 4S given by Fig. 7 
at the point A. Similarly it will be seen that at the point 
C in Fig. 7 the ratio = = 5.5, which again is exactly 
equal to the height C' D' of the metacentre above the cor- 
responding load line, when the tangent (at C') to the meta- 
centric curve is horizontal. 


——. 8 and 9 illustrate the corresponding conditions for 
another ship, where the points A', B!, C! on Fig. 8 at which 


above its appropriate oo aga, thus agreeing with the 
above. 

These diagrams (6 to 9) have been constructed by two of 
my pupils amongst the first-year students of the Royal 
Naval College during the last few weeks, in connexion with 
their instruction in ship calculations. I have other 
examples confirming the general principle, but it appears 
unnecessary to give them. It will be obvious that when 


‘ : : cylinder once the curves of moments of inertia (such as those in 
floating with axis horizontal, or for a cigar ship with | Figs. 7 and 9) have been drawn, and the locus of the centre 
cireular cross sections. Here the centre of the cross | of buoyancy determined, any number of points can bo 
sections, or the axis of the cylinder, determines the meta- | easily obtained on the metacentric curve 
e ights, hen metacentre curve becomes | its correctness. Thi A ‘ 
a horizontal straight line in the diagram. But the centre | curve presents singularities of form, like those in Fig. 8, 


in order to check 
This is occasionally desirable when the 
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Second : as to the practical application of the preceding It is worth notice that in very man; _ the meta- 
equations to the estimate of the effect produced upon the | centric curve in the region of the load line is very nearly 
stiffness—or initial transverse stability—of a ship by addi horizontal ; in such cases the ht ” should be measured 


or removing weights : these weights supposed from the metacentric curve, and not from the centre of 
in proportion to the total weight of the ship. = the zone of displacement, if the expression change 
=dVxhis to hold. This also is a particular 


verting to Fig. 5 let it be +. that the additional 
immersion from v, L, to W, Ly resulted from placing pa of the general principle. 
on board at the point H a weight equivalent to the volume | - In practice the most common case is that where the 
dV. Before this weight was added the centre of gravity | metacentre and centre of curvature of the curve of flotation 
was at G,; after it is on board the centre of gravity rises | both lie so close to the load a that no error of 






































to G., and we have (taking moments about G,) : importance is involved in Tw pecs Pag ht h for the 
Ivaa —— centre of orgy: J of the added weights load line, 
j (V+dV)G,.G,=dV.G,H. . . (6) | inorder that the change in stiffness sang Spend in 
Also, ia the form d V xh. 
Change in initial stability=(V +d V) G, M.—V. G, M,. When a metacentric diagram is found to approach hori- 
Now, zontality near the load water-line, it may be assumed that 
=G, M,+M, M.— the curve of flotation will have its centre of curvature at 
*.(V+d vt G, x w=W+d Vv) (QM on M,—G,G,) | the metacentre, and this fact may be made use of in drawing 
siti 
| in 
Fig.6 | cen 
H : ile Curve = Fig.7 ° 
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scnns ob tin Seer enpeien Set anmnaned wae such fatal 
consequences at abou yee, at rig en afternoon 
of Saturday, April 27th, ut Messrs. J. G. Strong and Sons’ 
Tron Foun , Hammond-lane, in tin an ee having 
investigated the cause of the disaster, and heard the 
evidence given at the inquest, held on Friday last the 3rd 
fats Te te epee ae Se to state, at 
the outset, rig ong received every facility in making 
the in investigation from Messrs. Strong. 


The boiler from which the explosion sprung was of the 


ordinary Cornish that is to say, it was cylindrical in 
the outer shell, laid worizontally, aad rom end o 


end with a single internal furnace tu At the front of 

this tube the was placed, and the flames, after 

to the back, travereed tho outer shell trough: external 

flues formed of brickwork. The boiler was set on two side 
with one bottom flue between them and two other 

flues, one on each side of the boiler, above them. The 
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Vol. of Displacement, 


Whence, 
lado | os M,—V.G,M\=(V+4dV) M, M, 
av. G, M,—(V+dV) G, G,. 
Substituting bit equation (4) and from equation (6) this 
becomes : 


Z 


a 4. 1” 
tanan* 25X10. 4, 6s 
Zsa 


p.4- 8X10) e 


and’ 0 








2 
(V+dV)G, M,—V.G,Mj=dI-aV {o-¥ we 


—G,M,+G,H } Py 
=aI—a¥ (BM MiGh Fy, 
+G,H-A < 
=dI-dV. (B, H- -AB,) & 





ds_dl_ ie ; 


Whence it follows that the weights added must be placed 
at the height of the centre of curvature of the curve of 
flotation, if their addition is to leave the stiffness unchanged. 
For in that case : 

dl 

—_—A H=o0 

adv 

A H=t =radius of curvature of curve of flotation. 














This .- rty may be established independently as 
follows : e added buoyancy in the ~~ between the ye 


- Change in stiffness=ds=dI-dV.A AH tana 10.7 


ae 




















vertically upwards through the centre of vity of that 
— a eo vessel Rope A oat in Fig. B, 5) pone jon of the pete to moderate transverse in- 
of action coincides wit the middle line o' e section 
The principles laid down in this note for transverse in- 
When she is inclined transversely through a small — Pp indi re a 
the line of action will pass through the centre of a > roan of course, hold for longi i and “ skew” in- 
of the inclined plane of flotation consecutive to " = 
These two lines of action, in the limit, intersect at a point 
which is the centre of curvature of the curve of flotation. THE DUBLIN BOILER EXPLOSION. 
And if there is to be no change in stiffness the weights On the 27th ult. a most disastrous boiler explosion, 
added must be placed at the intersection of the two succes- | cansing the death of fourteen persons, occurred at Ham- 
sive lines of action of the added buoyancy—that is to say, | mond- e, Dublin, this explosion occurring under circum- 
at the centre of curvature of the curve of flotation. | stances which strongly enforce the remarks we have so 
Further, the distance from the centre of curvature frequently made as to the necessity for all boilers being 
of the point H, where the centre of gravity x the added | under proper inspection, and as to the disastrous results 
“a hts is situated determines the change in stiffness. which are likely to occur when such ins ns are carried 
e common rule for ascertaining the change in stiffness | ont with inadequate skill or care. We have been favoured 
wenden from adding weights and which answers exceed- | with a copy of the following r rt made by Mr. Fletcher;on 
ag Fig in practice, was, I believe, originally proposed the Dublin explosion, and we have pleasure in publishing it 
r. Barnes. It assumes that the water-lines W, be in entonse, as we Gauanghiy agree with the remarks con- 


and W, L, have identical moments of inertia ; so that # d I | tained in it. 

. Ww Copy ow ort to Dr. Oniar Bi Coroner, by mer ns le 
=o and the centre of curvature of the curve of flotation | TON E. Fiercuer, Chief Engineer ‘anchester 
lies in the water-line. If d V=weight added, and h is the Steam Users’ Association, on the Steam Boilor Explosion 
yy of its centre of gravity above the centre of gravity that occurred on Saturday, April 27th, 1878, at the Iron 
of the zone of displacement between the water-lines W, L, Foundry of Mussgs. J. G. STRONG AND Sons, Ham- 
and W, L, then the ordinary rule gives : mond-lane, Dublin, killing fourteen persons, and in- 

— fourteen others. 





Change in stiffness=d V xh, Dublin, May 6th, 1878. 


which becomes zero when h=o; this being only a par- oe ee Coroner for the City of Du 
“a accordance with your request I have visited the 








ticular case of the general statement given above. 





water-lines, such as W, L, and W, Lg, Fig. 5, will act * Vol. of Displacement. 





flames, after leaving the internal furnace tube, passed 
under the bottom of the boiler in the first instance, then 
" erie = two side -_ . the’ beck 
0! e et an ence passed e chimney. . 
dinally by e midteather ron! side walls eet era 
a midfea: ee og er 
Sopp gg 8 
20 ft. 2in., its diameter, in the onal 6 ft. 5 in., 
and in the furnace tube 3 ft. 5 in. ; while the thickness of 
the plates was hy he in the shell, as well as in the sen 
tube, and } in. in the flat ends. wee ee ee ee 
sure at which the boiler was yory> the safety valve 
measured 5 hod. in diameter, while the length of the lever 
from the Tn he in. to the point at which it bore 
on the valve, , ae ft . to the centre of the weight 
when at the end of the er, the amount of the weight 
1294 Ib., and the lever balanced by a coun 
weight on the opposite os of the fulcrum. This would 


afford a load, as near! may be, of 55 lb. on the square 
inch. It was stated fr. Strong, honoree 
dence on Frida a hat the boiler was worked with 
ht not at + little more 
dary! sa Ae ae. nnd x tte ker these circum 
was only about S1b. 


he blowing-off pressure 
Tho bolle gure way in tho tor shell, the 


platiag at the back sed aaning” ron balt 0 af 
plating he back end of the parphest suiol oa 
brickwork seating of the right-hand side wall. The 
rent, after running across this belt of 
circumferential course, running on the one bide right round 
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the ring seam of rivets uniting the back-end plate to the 
shell, and running on the bo mee = round the shell of 
the boiler in an irregular spiral direction h the solid 
plating, thus cutting out of the boiler a piece of plate that 
oe about 40 ft. in lengt m4 a — 
com the greater i e ow » was 
over on its back aol bekee very near to the original 
ition of the boiler ; w the front end, with an entire 
lt of plating attached thereto, was shot forward across 
Hammond-lane, and lodged against the doorway of one of 
the houses opposite. The furnace tube was not thrown 
far, but lay very near to its original position. 
Though the results of the bursting of the boiler were so 
i , the cause was very simple. It was nothing 
more than the wasting of the plates from external corro- 
sion, whereby they were so thinned and the boiler so 
weakened that it became unable to stand its ordinary 
working pressure. On examining the plates, it was found 
that the edges at the pri rent, from which all the 
others sprung, were scarcely thicker,than a sheet of paper, 
so that the plates, which had been originally jin. in 
thickness, were at that part so reduced as to be less than 
gy in. The length of plating reduced to this thickness 
was about 2 ft. 4 in., but the corrosion extended beyond. 
The question has been raised, Whether the wasting of the 
lates could have been due to feeding the boiler with the 
eater ot town’s water? inasmuch as this water is stated 
to be ighly corrosive in its action, and thus to have the 
wer of eating iron ory away. In reply to this, it may 
— out that, the boiler been attacked by the 
feed water, the wasting would have been inside, whereas 
the corrosion from which the boiler suffered was outside ; 
while it may be added that there was no pitting or other 
sign of internal corrosion. The true cause of the corrosion 
which wasted away the plates appears to have been damp- 
ness in the brickwork, possibly arising, as Mr. Strong 
stated in his evidence, from a wet subsoil, but, as it appears 


to me, more probably from the percolation of water from | i 


above. 

As explosions are so frequently attributed to the neglect 
of the attendant, through allowing the water supply 
to ran short, and thus laying the furnace crowns, it 
may be well, in order to prevent any doubt on the subject, 
to mention that this point was fully investigated, and no 
evidence of neglect found in the presentinstance. The furnace 
crown was not bulged down, and showed no signs of having 
been overheated; while, had the explosion been due to 
shortness of water, the part of the boiler that would have 
failed would have been the furnace tube, and not the outer 
shell; whereas it was the outer shell that failed, and not 
the furnace tube. 

here is, therefore, no reason to conclude that the ex- 
plosion was due to shortness of water, or to any other cause 
than the weakened condition of the boiler from wasting of 
the — through external corrosion. 

There are yet other points of importance to which it is 
desirable the attention of the jury should be called. Com- 
petent inspection would have detected the wasted condition 
of the plates in time to have given warning of the danger 
and have prevented the explosion. A competent inspector 
would at once have had his suspicions aroused by finding 
the brickwork seating to be damp, and he would have re- 
moved portions of it to see what was underneath ; so that 
even if the wasted plate had been concealed by the brick- 
work, in the first instance, it would in this way have been 
detected. It was stated by Mr. Strong, in ,his evidence, 
that the boiler had been regularly examined, both internally 
and in the external brickwork flues, by his own workmen, 
who passed completely round the boiler and through the 
flues. The examination of the remains of the setting, 
however, seems to show that the flues were too small for 
an ordinary sized man to pass through. If this were so, 
a competent inspector would at once have called attention 
to the fact so that this defect in the setting might be cor- 
rected and the flues rendered accessible for complete exami- 
nation. If Messrs. Strong’s men did actually pass through 
the flues, their omission to detect the dangerously corroded 
state of the boiler clearly shows that home-spun inspection 
is not always reliable, and that it is better for steam users 
to avail themselves of a responsible and independent system 
of inspection, conducted’ by experts who are engaged 
continually on this special work. 

This is by no means the first explosion that has resulted 
in the death of a number of innocent persons outside the 
works at which the boiler has been situated. Particulars 
of many such are to be found in the records of the 
Manchester Steam Users’ Association, the explosions re- 
sulting, as in this case, from the use of boilers unfit for 
work. During the last ten years as many as 490 explosions 
have , killing 631 persons, and injuring 1006 
others ; so that, in round oes, 0 ——— occur on 
an average every year, killing persons injuring 
100 others. Looking at the experience of the past, there- 
fore, other explosions are to be expected to occur before 
long. There mast be at work, close to our many crowded 
thoroughfares, other worn-out boilers which are rapidly 
cease Se explosion, and only waiting some slight acci- 
dental disturbance to determine the moment of their burst- 
ing. Under these circumstances, it mee perhaps commend 
itself to the jury to call the attention of the Home Secretary, 
in the interest of humanity, to the necessity of taking some 
measures for the enforcement of the  porer adoption of 
boiler ii tion. Such a meagure would be to the advantage 
alike of the boiler owner, the boiler tenter, and all those 
ng in the neighbourhood. Frequently steam users are 

by the bursting of their own boilers, and Messrs. 
Strong and Sons have for months been in imminent peril 
themselves when at their own works. Of the danger they 
were running, as Mr, Strong said in his evidence, they were 
ignorant, which shows that the confidence in which 
i pa me of their own 
Speagle. Had the in. 
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of every. boiler 
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hrown | Sons would have been spared 


ion at Hammond-lane would have been prevented, the 
ives that have been sacrificed would have been saved, and 
this inquiry would have not to be held; while, instead 
of being in by such an enactment, as it is sometimes 
represented boiler owners would be, Messrs. Strong and 
the great shock they 
must have received from the suffering entailed on 
innocent parties by the bursting of their boiler, and 
have been saved the destruction of a great portion of their 
premises, as well as the interruption to their business, and 
the harass of litigation with claimants for compensation 
with which they are threatened. 
I am, dear Sir, yours faithfully, 
(Signed) LAVINGTON E. FLETCHER, 
Chief Engineer. 
Manchester Steam Users’ Association, 
9, Mount-street, Albert-square, Manchester. 

At the inquest held on the 8th inst. the coroiier’s jury 
returned the following verdict : 

“The jury find that the deceased persons lost their lives 
on the 27th of April, 1878, by the explosion of a steam 
boiler in the iron foundry of Messrs. Strong and Sons, 
Hammond-lane, in this city, and that the explosion was the 
result of the defective condition of one of the boiler 
plates which was ex ly corroded to a dangerous 
extent. 

** The evidence as to the ans of Duffy’s house is not 
sufficiently conclusive as to its being the exciting cause of 
the explosion. 

**We cannot attribute any criminal negligence to the 
Messrs. Strong, who appear to have taken reasonable 
care to keep the boiler in efficient condition. 

** The jury to commend the following extract from 
Mr. Fletcher’s able report to the attention of the executive, 
as it best expresses their conviction of the absolute necessity 
of Government intervention, to protect the public from 
lamentable disasters like that which is the subject of this 
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bali king at the experience of the past, therefore, 
other explosions are to be expected to occur before long. 
There must be at work, close to our many crowded emi 
fares, other worn-out boilers which are rapidly ripening for 
explosion, and only waiting some slight accidental dis- 
turbance to determine the moment of their bursting. 
Under these circumstances, it may perhaps commend itself 
to the jury to call the attention of the Home Secretary, in 
the interest of humanity, to the necessity of taking some 
measures for the enforcement of the general adoption of 
boiler inspection.’ ” 








STEEL BOILERS. 
(Concluded from page 357.) 

WE now my a report of the remainder of the discussion 
on Mr. Boyd’s paper ‘‘ On Experiments relative to Steel 
Boilers,’’ read before the Institution of Mechanical 
Engineers at their recent meeting : 

r. Hawksley, who spoke next, disapproved of the 
proposal that the Institution should expend its funds in 
making experiments to clear up certain points raised in 
this discussion. Such experiments had in fact been made 
and repeated certainly under a variety of circumstances 
ever since the year 1845 to his knowledge, and as to some 
of them even at an earlier period. As to that very 
interesting subject, the commencement and termination 
of what is called permanent set, observations had been 
made by Mr. Eaton Hodgkinson, and recorded certainly 
more than thirty years ago. From those observations Mr. 
Hodgkinson deduced conclusions most of them undoubtedly 
correct, but one was certainly very startling, and has re- 
mained —— the present day. That conclusion was 
to this effect, that every metal received a permanent set 
from every weight that was put upon it, no matter what 
the unit may be, whether you put 1 oz. upon it or whether 
you put 10 tons on the unit there was some permanent set 
produced. He (Mr. Hawksley) could not accord with that 
view. So much was known on this subject that he did not 
think any experiments instituted by the Institution, or by 
a private individual, could throw much more light upon it, 
and if Government were disposed to institute experiments he 
would rather direct their attention to something which was 
of a great deal more importance, and that was to obtain 
exact information with regard to the effect upon pure ma- 
terials of those foreign substances which in some cases very 
materially deteriorate from their strength and value, and 
under particular conditions, and in other , as for 
instance in the case of steel,{add to their strength and value. 

Mr. Olrick, after commending the thorough] —— 
character of Mr. eo fy paper, said that when he read 
the aper he thonght they had solved a question that 
pune a without annealing were inferior to drilled 
plates. t then came one of the test authorities on 
steel, Dr. Siemens, who said that his experience was totally 
different. Again, Mr. Adamson had said that his own ex- 
perience in ang oe steel boilers varied entirely from 
that of others. e (Mr. Olrick) regretted exceedingly 
that this threw them back into uncertainty. He be- 
lieved, however, that the reason for the difference .of 
opinion was simply the difference in the material ex- 
perimented on under the different circumstances. Other- 
wise he did not see how experiments carried on on a sound 
scale could vary in the manner that has been menti 
wy the different speakers. At page 3the author had proved 

early that he came within 1} tons of the elastic limit of 
the material, and he therefore advised that they should never 
exceed the double test of pressure as com: with work- 
ing pressure. He (Mr. Olrick) confessed he had been one 
of those who had always advocated not to exceed 50 per 
cent. above the working pressure unless they were compelled 
by the rules of the of Trade, which, as a matter of 
course they are obliged to submit to, because he was con- 
vinced that many times a flaw had been putinto a boiler by 





‘excessive pressure that otherwise would not have been in the 


boiler, and a flaw never gets smaller but always larger, 
and some day t is an explosion which no can 
explain. To illustrate that, let them take the example of the 
French and German rules. They go to two and three times 
the working pressure, and the consequence is when they 
have to make a boiler to suit their rules, they must make a 
boiler to suit the test pressure, not to suit the pressure at 
which the boiler is to work. In the paper there was an 
argument in favour of annealing punched plates, which 
seemed to him so sound that it went far to convince him 
that if they would save time by punching plates, they must 
not neglect to anneal them whether they have iron or steel. 
In the experiment where Mr. Boyd had 10001b. pressureon the 
plates to test the difference nm rivetting over the stays 
and having nots, it was proved that the nuts split and gave 
way first ; but why was that? Because the nuts were not 
strong enough to resist the pressure put upon them. If the 
author had used the ordinary rule that the height of the nut 
should be equal to the diameter, he felt convinced that the 
nut would have sustained the pressure. Of course as the nuts 
were within the firebox, they could not be made of that pro- 
portion, or they would have been burnt off. He inquired 
whether the author was careful always to take off the burr or 
sharp edge of the hole after the drilling of the plate had been 
completed, that was to say, so as to get actually a small 
amount of countersinking at the top and bottom of the 
drilled hole. As regarded the rolling of plates into shape, 
he gathered from the paper that all the plates there that 
were rings were cylindrical rings, which gave no trouble in 
rolling them into the proper shape so as to be rivetted to- 
gether. But he might mention an instance which occurred 
in his own practice some eight or nine years ago, when the 
Indian Government ordered some boilers of a particular 
shape ; they were 7 ft. 6 in. high, 4 ft. 3 in. in diameter at 
the bottom, but at the top they were only 3 ft. 3in., so 
that the bottom ring in the height of the boiler was cylin- 
drical with parallel sides, but the two rings of plate at the 
top of the boiler were conical. At that time he believed 
the Bolton Steel and Iron Company supplied the best 
steel plates, simply because they had taken an immense 
amount of pains in ascertaining the best mode of ey a 
good sound steel plate, and he ordered the plates from that 
company. When, he came to roll the plates into a conical 
shape, they cracked. They were replaced by the company, 
but they found fault with him for having drilled the holes 
first and rolled the plates with the holes in. He was also 
blamed for not having annealed the plates after they were 
rolled. He followed their advice, and did not drill the 
holes in the plate, and then to make quite sure, he got the 
anys up to a brown heat, and then put them into the rolls, 
ut he was sorry to say with the same result. The Bolton 
Steel and Iron Coneeey when he wrote and explained 
everything to them, told him that they believed the cause of 
the breakage was this, that as the plates were very hot, 
and it was in the month of February, the cold rollers were 
sufficient to give the 4 pe such a chill that they would 
break, and that tallied entirely with the experience of the 
author of the paper. However, as he found he could not 
do it—and he believed he had as good men to execute the 
work as could generally be found—he requested the company 
to roll them themselves into the ee taper. They did 
so, but he found the plates had hammer marks on them 
exactly in the same manner as you see on a copper plate 
when you extend it one way and compress it the other. He 
did not know that he could give a sound opinion why this 
took place, but he believed it was this, that there was a 
different action in compressing the taper end of the plate 
and expanding the large end, and the reason why he be- 
lieved so, was that all the plates cracked in about the same 
place near the end, but the cylindrical plates, which were 
made from exactly the same blooms, never gave any trouble 
throughout the whole of the boilers that were e. 

Mr. Platz said that it been his unfortunate position to 
have a little experience in steel plates for locomotive 
boilers, and therefore he asked whether those plates that 
had been used for marine boilers could be used for locomo- 
tive boilers, and whether they would stand the fuel, because 
they found there was not only the pressure of the steam in 
the boiler, but also a still greater enemy—the fuel. How 
would they stand anthracite fuel on the plates of which the 
fireboxismade? His unfortunate —- was this, that he 
got some steel plates from a French firm, and the whole of 
something like forty-eight locomotives, in less than two 
months, had to have the fireboxes taken out, because they 
were all split. Regarding also the question of whether 
the steel plates should be ched or drilled, he found by 
his experience in punched plates for shells, he should neither 
do one nor the other ; there was no material difference ; but 
when he came to the firebox, he found in punched holes, 
when the firebox was put to its work, that the holes where 


the stays were screwed in, all split in a star a 7 but 
those holes which were drilled were not split. He was 
greatly interested in steel furuaces for anthracite , and 


there were many million tons lying idle because they could 
not get iron or steel to stand this coal, which is abundantly 
found in some parts of the world. 

Mr. Adamson here said that he had about 3600 steel fire- 
boxes working, and he had never found one fail from any 
kind of fuel. He had used anthracite. ) 

Mr. Platz added that in Russia all the locomotive boilers 
that had been used with steel fireboxes had to have them 


tioned | taken out, with the exception of a few they had got from 


America with long fireboxes. All the short fireboxes had 
eracked. The fireboxes he had referred to as having been 
made of plates manufactured by a French firm were sup- 
plied three years ago. : 

Mr. Boyd, in replying to the discussion, said that when 
these experiments were commenced ing was further 
from his thoughts than that they should be embodied in a 
paper, or that they should be submitted to the criticism of 
such a meeting as this. They had in the way of business to 
construct a boiler which was to answer certain require- 





ments, laid before them by the body of people called Lloyd's, 
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who have to certify that that boiler is equal to a certain 
working pressure, and his first consideration in undertaking 
these experiments was to satisfy their requirements at the 
least ible cost to themselves, and to get the boiler made. 
But things went on, and those who were interested in me- 
chanical work of any sort knew it grew by de , and 
the attractiveness of the subject increased, and he was led 
on from one thing to another until the whole resulted in 
the paper. With regard to permanent set one gentleman had 
asked how the experiments recorded in Table I. were con- 
ducted. Of course it was difficult to explain in the body of 
a paper, but he thought he could make it clear to the meet- 
ing. (Mr. Boyd illustrated by the aid of a piece of stick the 
mode in which he had taken the test of elasticity by measur- 
ing the distance between two countersunk holes on the plate 
tested before and after the strain was applied.) He then 
continued that he wished it to be clearly understood that 
he did not claim for this list of tests, particularly those in 
TableI., any infallibility. But he was quite sure they were 
honestly made, and he believed they were made with suffi- 
cient accuracy to give a very fair criterion of the behaviour 
of the material which they had experimented on. The strain 
was taken off after each mark had been made, and then 
the point at which the specimen ceased to go back was 
noted in the book. He might also say with 
buckling it was quite true within the limits of 65 Ib. they did 
not record where the permanent set took place. Questions 
had been asked by more than one gentleman (and, there- 
fore, he might be excused if he coupled them together) as to 
the mode of heating the rivets, and as to the rivetting gene- 
rally. The rivets were heated on an ordinary open hearth 
of a reverberatory furnace arranged so that the flame eae 
over the top of the rivets. The rivets were heated as hot as 
they could get them in the furnace they were using. The 
fire was on about 18 in. square, coulien from recollect- 
tion, and the hearth perhaps 18 in. by 2 ft. 6 in. or 3 ft. 
which the flame played over. There were no special 
means taken to regulate the heat, because they made 
the rivets as hot as they could get them. The only point 
they insisted on was that the rivet was heated uniformly 
throughout the whole of the rivet. As all present must 
be aware, the way in which rivets are generally heated 
in an ordinary rivet hearth, by rivetting boys, is thus: 
there is a piece of plate with a number of holes in it, and 
the rivets are stuck down with their points in the fire 
and the heads are practically cool. That was very well for 
iron rivets, but it was quite clear it would not answer for the 
steel rivets, and consequently they took great care that the 
rivets should be heated in these furnaces he had described. 
As a matter of course, the rivets which were put in by the 
hydraulic rivetter were those in all the circumferential 
seams except the last, and it would be within their know- 
ledge that the rivets in that seam must be rivetted by hand, 
because when a big shell is rivetted together the circum- 
ferential rivets in the end must be rivetted by hand, 
as there is no machine yet that would doit. All these rivets, 
notwithstanding — were rivetted by hand and in the 
ordinary way, would have been hea’ in such a place as 
he had described on an ordinary rivetting hearth. They 
took special care to have them heated upon this furnace. 
There had been a good deal of remark on the nutted stays, 
and he might say that those had thin washers. It had been 
well known for some time that the nuts do give very great 
additional strength and the only interest of the experiment 
was to show what that additional strength really amounted 
to. He did not know whether it was quite clear in the paper, 
but in the actual experiments these nuts did not give wa: 
at all. Both these boxes burst at practically 1000 lb. ; bot 
the steel and iron boxes, but the nuts did not come away. 
The nut held fast both in the steel and iron box, but where 
there were no nuts the head of the centre stay flew off. 
One gentleman spoke about the advisability of parallel 
holesin boiler work. He held the opinion that taper holes 
bringing the taper of the two holes in oj ite directions 
formed a very important element in g boiler work, and 
he believed that unless that is carried out, when they drilled 
aboiler, that is to say, unless they drilled a taper hole, he 
believed that the drilled boiler was inferior to the punched 
boiler. Therefore, pais aside the question of the 
injury to the material, which appears to be established by 
the experiment to be a very serious matter, he believed 
that as good work as with drilled holes can be produced b 
asuitable punching machine. The punching machine which 
was used for the construction of this boiler was very simple, 
and was very efficacious. It was simply an ordinary punch- 
ing machine with a sliding table underneath it with a mov- 
able rack. The rack has a certain number of studs on it 
and on these studs works a pawl, and according to the 
poy at which this pawl is set with those studs so greater 
or less travel is given to the table carrying the plate about 
to be punched, the object of that being that in taking in 
10 ft. of the length in the circumference, the inside course 
will have the holes so much closer together than the holes 
on the outside of the course, and they might put the plates 
one after the other on this machine aad so regulate the 
traverse of the plate underneath the table that the 
same number of holes would come in each length of 
10 ft., but whether outside or inside, the holes on 
the inside of the plate would be so much closer together 
aS was necessary in proportion to the difference of dia- 
meter. With that machine they had produced boiler work 
on some boilers which they would very glad if Mr. 
Adamson would come and see. Of course the question of 
injury to the material of the plates was an entirely different 
one, although they, perhaps, were rather apt to mix up the 
two together ; but the question of injury to the plate by 
punching is one thing, and the question whether punching 
could be combined with good and accurate work was another 
thing. In answer to Mr. Olrick, of course in these samples 
of the punched and drilled holes the edges were taken 
off. ith regard to the question of the lasting qualities of 
the fireboxes of the boiler, if the gentleman who had just sat 
down would read the last paragraph of the paper, he would 





see that is a thing which he suggested could only be proved 
by time. He might say by way of explanation there were 
two boilers built together for two separate ships for the 
same owners. They just sent to sea the two boilers, 
almost identical in construction, in two ordinary merchant 
steamers, and he believed he was correct in saying that 
those were the first two merchant steamers that have 

to sea fitted with steel boilers. There were several rs 
building in the Tyne district, and in course of time—he 
hoped it would be a long time before they had anything to 
report—but in the course of time they would be able to 
answer the gentleman who had last sat downlas to whether 
any injury from deterioration takes place in the inside 
work of these marine boilers. Mr. Adamson had spoken 
very confidently as to the way in which they survive in the 
ordinary furnaces of land boilers; but Mr. Adamson had 
forgotten the circumstance that the condition of things was 
very different in an ordinary land boiler which goes on 
steadily from week’s end to week’s end, and is blown out 
a ee is treated in the way that such boilers do 
not get ted on boardship. He hoped it might be found 
that they might answer equally well on a vessel in a 
boiler such as had already described. These two boilers 
would be completely under his own notice, and if at any 


to | time he had reve, hee record of their ill or good behaviour, 


nothing would give hi 


more pleasure than to bring it again 
before the Institution. 





FOREIGN AND COLONIAL NOTES. 
Fuel and Train Mileage on the Grand Trunk.—The 
uantities of fuel issued to locomotives upon the Grand 

Tronk Railway of were as follows, month by month 
in the second half of 1877: July, 10,660 cords of wood and 
11, tons of coal; August, 11,8964 cords of wood and 
13,8733 tons of coal ; September, 12,030 cords of wood 
and 15,241 tons of coal ; October, 13,3573 cords of wood 
and 17,880 tons of coal ; November, 13,7544 cords of wood 
and 17,401 tons of coal; and December, 14.0694 cords of 
wood and 16,052 tons of coal. The ageregate distances 
run by ins were as follows month by month: July, 
669,743 miles; August, 771,533 miles ; September, 803, 

miles ; October, 849,830 miles ; November, 796,484 miles ; 
and December, 743,204 miles. If account is taken of 
piloting, shunting, and light running, the aggregate dis- 
tance ran by engines during the half year comes out as 
follows : July, 864,025 miles ; August, 972,192 miles ; Sep- 
tember, 1,016,225 miles ; October, 1,101,953 miles ; Novem- 
ber, 1,012,932 miles; and December, 961,088 miles; or, 
altogether, 5,928,415 miles. The av cost of fu r 
engine per mile for the half-year was 10.45 cents. C) 
corresponding cost in the second half of 1876 was 11.68 
cents. An important saving in the matter of fuel will thus 
ae to have been realised in the 


American Pig-Iron.—The number of blast furnaces in 
existence in the United States at the close of 1877 was 716, 
as compared with 712 at the close of 1876. The number in 
blast at the close of 1877 was 270, as compared with 236 at 
the close of 1876. The gate production of 1877 was 
2,314,585 tons, as comp wit 2,093,236 tons in 1876, 
The unsold stock of pig-iron in the United States at the 
close of 1877 was 642,351 tons, as compared with 686,798 
tons at the close of 1876. Although the production of 
pig-iron in the United States in 1877 was r than in 
1876 or 1875, it was not so considerable as in 1874, when a 
production of 2,689,413 tons was attained. In 1873 the 
production was 2,868,278 tons; and in 1872, 2,854,558 
tons. 


Marseilles.—The port of Marseilles suffered rather con- 
siderably last year from the troubled state of affairs in the 
East of te. Thus the net revenue of the i 
Docks and Warehouses Conan receded in 1877 to 
105,4911., showing a falling off of 14,638/., as compared 
with 1876. 

Gas in Paris.—The revenue of the Parisian Company 
for Lighting and Heating by Gas, exhibited an increase in 
the first three months of this year of 44,312/., or 7.50 A xg 
cent., as compared with the corresponding period of 1877. 


New South Welsh Coal.—The of coal from the 
Hunter River Collieries, New South Wales, for the three 
weeks ending January 25, amounted to 61,264 tons, of 
which 13,934 tons were shipped to Sydney, 17,521 tons to 
Victoria, 7851 tons to South Australia, 10,034 tons to New 
Zealand, 1090 tons to Tasmania, 150 tons to Queensland, 
2214 tons to various colonial ports, 2607 tons to China, 1348 
tons to Eastern ports, and 390 tons to San Francisco ; 1619 
tons were taken by steamers, and 2436 tons were used for 
home consumption. 

The Mississippi.—The United States Secretary of War 
enginoers at the jettivs that during the forty dey Preceing 
engineers a ys 
the 10th of March the channel of 24 ft., and of the f 
width of 250 ft., had moved 3000 ft., which brings it within 
1500 ft. of the deep water. A depth of ft. was 
secured to within 200 ft. of the deep water of a sufficient 
width to pass steamers drawing that amount of water. A 
letter from Mr. Schmidt, the assistant —— of the 
jetties, states that but 1500 eubic yards would have to be 
scoured before reaching the required depth of 24 ft., 250 ft. 
wide, to obtain the next payment. 


Queensland Railways.—Tenders have been accepted for 
the Roma and Stanthorpe Railway ion. 
a. pp yon) —y og oe Kt 
m y, 0 hiladel ) ve sen Philadel, 
and i Railroad collier Pottsville, 25 stoves of dif- 


ferent patterns, to be exhibited at the French Exhibition. 
Ten of them will be — during the Exhibition 
with coal supplied by the Phi phia and Reading 


and Iron Company. 


Coal 





last six months of | deli 





Plates for the Italian Navy.—The first two plates for 
an ironclad of the Italian Navy have been sent off from 
the Creusdt Works. One of them —_ 23 tons, and the 
other 31 tons. A special train of eight wagons, built on 

, had to be prepared for sending the plates to their 
Jeatination ; and the cost of protecting a vessel with them 
is estimated at 200,0001. According to recent experiments 
at La Spezzia, these plates cannot be pierced even by can- 
non of the largest calibre. 

New Zealand Coal.—Coal seams of considerable thickness 
are being worked at several places in New Zealand ; in the 
North d at Kawa Kawa, Bay of Islands, and Waikato ; 
in the Southern Island at the River, Mount Rochfort, 
Green Island, and the Clutha Valley, in the province of 
Otago, and in Southland, mining of brown » or 
ignite, deposits of which are scattered over all parts of the 
co. though not likely, except in a few instances, to 
support such mining communities as the black coal, 
will yet afford, in time, re Se yen 
generating properties it is repo eq e 
ecm yee ewcastle pits in New South Wales. As a 
natural product derived from the decomposition of coal 
seams, it is proper to mention the occurrence of petroleum, 
or oil, sp in various parts of the colony, icu- 
larly at Taranaki, on the west coast, and in the vicinity of 
Poverty Bay, near the East Cape, in the North Island. 
The quality of the petroleum in the latter place is quite 
equal to that obtained in Canada and the United States. 

Steam Cultivation in New Zealand.—Mr. F. B. Pass- 
more, of Sherwood, Chertsey, is the first Canterbury New 
Zealand farmer who has taken an steps to introduce 
steam cultivation. Some time since this gentleman placed 

i in communication with Messrs. J. Fowler and Co., 
at Leeds. He o from them a complete set of appa- 
ratus for carrying out. steam cultivation upon what is 
known as their No. 1 system, including two self-moving 
engines, fitted with windi drums, a patent balance 
plough, steel wire rope, &c. e machinery has been sent 
out by the Antares, and Mr. Walter M. Noakes is, as the 
representative of Messrs. Fowler, to superintend the fitting. 
up and efficient working of the machinery in New Z i 


engines which Mr. more has. obtained are 14-horse- 
power, and are identical in structure. They have single 


steam-jacketted cylinders 11 in. in diameter, and a 12 in. 
stroke, their average number of 150 revolutions per minute 
giving tothe implement in use an average speed of 24 miles 
per hour. They require a daily water supply 

gallons, and consume about a ton of coal per diem. 


American Locomotives.—The Rhode Island Locomotive 
Works of Providence, Rhode Island, have con to 
supply the New York Elevated Railroad Company. with 
ten locomotives of 15 tons each, to be completed and 
livered early in the summer. Light locomotives have 
been builtat the Baldwin Locomotive Works, Philadelphia, 
to the order of the Brazilian Go t. Seven of 
engines are intended for the San Paulo and Rio de Janeiro 
Railroad. In addition to these engines, the Baldwin 
Works have on hand two engines for the Madeira 
and Mamore Railway. The locomotives built for the 
Brazilian Government are to be despatched from Phila- 
delphia early in May. The Baldwin Works have received 
an order for several locomotives for the Denver and Rio 
— Railway, and another from Australia for street 
motors. 


The French Coal Trade.—This trade remains rather dull, 
and prices do not improve. 








LIVERPOOL ENGINEERING Socrery.-—This society held 
its usual fortnightly meeting on Wednesda evening, ” 
° r 


8th, at the Ro Institution, Colquitt-s' Mw 
E. Yeatman, M.A., vice-president, to the society 
on M. Balpaire’s method of calcula’ the resistance of 

stated that the 


arched structures. The honorary 
council had considered the proposal to visit works of interest 
in the neighbourhood of Liverpool during the summer, and 
that the first visit would be to the North Extension Railway 
Works. Mr. L. M. Kortright, through the peobengr’ 
—s the discussion on his paper ‘On Raising t 
reck Edith in Holyhead Harbour,” after which Mr. 
Alfted Holt, M.I.C.E., read a very valuable paper ‘‘On 
the Progress of Steam Shipping during the last Quarter 


of a Cen’ ”* previo read before the Institution of 
Civil Engincers.” ad 





Tue Szwace or Hrrtrrorp.—The Corporation of 
Hertford have placed their works for the purification of 
baad ay anbaadhy t town in the hands of the Rivers Puri- 
fication iation, who for an annual subsidy of 3501, 
undertake the whole man nt of fhe pene similarly to 
what they have done at try, whi has been 

ly worked for some time by the Rivers Purifica- 
tion Association under a subsidy from the Corporation 
Coventry. Hertford is sitna on the River Lee, from 
whence the New River Company derives its supply, The 
average daily flow of sewage amounts to about 1,640, 
gallons, the population being 7169. Water-closets i 
general use, and the , which is very dilute in con- 
sequence of leakage of subsoil waters into the sewers, 
— 7 a breweries. an 
ew River Company o powers 
srg cece teal 
w trea e sewage process, ani 
convey the effinent water New River head into the 
Lee a! the town of Ware. T! 
works cost the New River hay! 28,0001., and they 
from 


g 


set 


to construct 


zg 


the Corporation of Hertford a@ year to 
F 1856 watil 1875, the lime 


sewage. For sixteen . 

was used to purify the sewage at a bags San sb 
tion. a ear, and was then. given up, as the phate 
Sewage Company took » lense of the sewnge works, 
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METALS. 
& «6. Zz & 
ANTIMONY Og8 (perton)— 12 © 
ROGales (Star) soorecrserseres 49 9 49 te 
Brass (per lb.) — s. a, s. 4. 
Sheets,48 x 24 ° 9 o 9 
Yellow metal ... o of 6 «678 
CASTINGS, TYNS AND CLEVELAND 

(per ton)— & 4. £2 4 
GUPGOTS crvcecrssecseseseereccee § @ $ 15 
Chairs . 5 1s 4°? 
PUPOS rcccccrcsssercossovecsserees 4 8§ - is 

Ooprer (per ton)— 
CHU DALE .....s000rcererrverwe Sf If 63 © 
Australian ....,.... ” | hd 
Knglish tough, t best. te og @ 
” ingot . °° 7°? @ 
Bheots, BC. c.rcsrseeees 712 9 08 © 
BOttOMs,...c:.csse0reereereee 78 @ 80 © 
1s0N ORgs —t ton)— ag oa & 
Bed Lematite, British u 6 13° 

” ” pudding 16 o 7 @ 
Inon Pie r ton)— 

Barrow NO. 1 sescesseesseres 64 © 6s oo 
6 6 63 «© 
° 62 © 
Oo 43 6 
co 00 oO 
s 38 9 
6 38 «© 
eo oe @ 
° 8 © 
S vt 
No. 8. 
s, 4. 
0 °@ 
$4 (0 
54 6 
ste 
g2 6 
so (8 
4 «0 
ste 
B 49«6 
Calder, at Port Dundas. 56 $9 © 
Glengarnock, at Ar- 

GPOBBBD .,...cccrserresrrneee $6 89 ft 6 
Eglinton, ditto sere. §9 6 4906«C«6 
Dalmellington, hee, £0 6 9 6 
Oarron, at Grangemouth 65 o 4 °@ 
Ditto, specially selected 70 o _ 
Shotts, at LOUD ...rerseree so ° 86§s (6 
Kiunoil, at Bo’ness......... ff 6 

(The above all ‘deliverable fe alongs de). 
ane . a. . 4, 
#08 ceeeeerescenees 3 ° 80 ° 
North Staffordshire ..... $9 © 0 © 
South . cccece ° 7 ~Ce 
Yorkshire Thornaby pig. 60 @ of 
Ridsdale Nos.land?.., 99 © tco @ 
Iaon, WaovaaT— 6. .6 & 
Olev ecoveccescses 6 § 5S °° 
DATS sesesssseree § 10 $ 13 
" puddied bars... § 10 3 1s 
” boiler plates. 7 § 7 15 
” TALS  ..,.00reeees ; 10 $ ts 
e ship plates....., 2 6 § 
a ececseesceee ] s 7 10 
Booth DALE .....+cccseerseens s 6 10 
cenccccnrcce 9 © 7 10 
Statfordshire bars cormcce 89 10 8 ¢ 
e swe 8S © 8 10 
e or oe en ! ae | 
hoops wu... 8 © 9 (0 
Wolsh rails 8.W. ......s00 to 6 © 
” a ples ° 6 10 
pe er 2 1m © 
» hoops, 5.W. 2 ° 8 ro 
MSott English pi ‘ 
soccecceeses 26 17 7? © 
8 ” ” WF. }e oeteeenes + 10 17 «1g 
seereerceceecocccsonese = T 19 10 «#12 
es seenenne 3 6 e 18 10 
PHosPHoR Baonzs— 

(POT OWE.) crrrevererssererne § 12 7 °@ 
QUICKSILVER (per bottle) 7° a) 
Sonar ( ton) — 

Old rails for re-manu- 

ft et a ae) se 

SPa.Tser (per ton)— 
Silesian, ordinary ......... 17 15 8 © 
SPiR@ SLBISEN (per ton, — 
na8 \eeren eee eeeroncoeoeescoees 2 6 © 
° $ te 
Sree. (per ton)— 
sorerseceerttrseecseee $4 © o 638 
” double shear srececeee 45 oO $ ° 
single sccccesee 83 © seo 608 
Ragilah spring rc ae | Oo a3 ? 
#00 seseeccestereeccere OF © eo ¢ 
Mien. cccccosescsecsccccccececcce 88 18 98 © 
Bessemer rails... 6 © 7 1 
” BYTOS ..cccrerceree 9 10 1 10 
e — ecccccmceee 9 80 1 h(e 
” see cee ceeces 7 5 8 ¢ 
” i ee a ee 7 e 
Sree. Castines (per owt) -« 
- -y— cylinders in 
h - to ex- 
cont in length, s. 4. 8s. 4, 
2%6hCe 8 o 
oo ae 
° Pe) 
scecennecnecsecccecescos o 4 @ 
Holders-up for rivetti: i 
machines, &c., 1) to 
CWB reces vrccccercccccrccsocece ° 2%60hCe 


PRICH LIST 


































STEEL CASTINGS—Continueds. d@. 8. 4, 
Side cranks, cross heads, 
crane wheels, engine 
slides, &c. ., 4 0 go 608 
Tumbler bars and other 
castings for dredging 
POLPOSES ...ccccceccecseree 20 © 26 © 
Swepisn [Ron (F.o.b.) at 
Gottenburg — Zz 8. £ s. 
PIS .corso-coccccnoccccescceccecss .§ © $ 10 
Bar rolled.........+« 9 °@ 10 66 
oy BAMAMEOTOM,, sevreesseree 12 0 ™4 °@ 
bar (per = - 
Straits rer. scorssrsersereen 60 10 6f © 
—— som 62 © co 
cence see cee: eves 04 «8 co 0 
Ents ingots ., « 64 10 6; oe 
English bars......... =. 2 66 (o 
h re: wsovcecsevceen 08 @ C8 © 
Australian ~ 60 10 6 © 
Tim PLATES (per box)— . @& w& &@ 
LO, charcoal .....c0ccces 32 @ 2s 0 
29 o@ 32 @ 
1 ° aro 
LX. ecnccecceccccccccccce |B o 28 © 
Zino (per ton)— £ «6. z 8 
Sheets, English ........ 20 § 20 If 
WIRR, Fencing oee-sseveereeee 10 18 13 © 
» Telegraph (galvan'sd) 16 10 19 © 
COALS AND COKE- 
COALS (per ton)— s 4d s. 4, 
Bar eccooce 10 =O 12 0° 
ea ae | to 6 
a wae 10 6 
eroscoccsccoccccss 8 © zm oe 
Mewoastles andDurham... 8 6 m 6 
Scotch 7 © 10 0° 
Staffordshire ..,...0000 8 6 m 6 
Welsh . 9 °@ 10 oO 
YOrkshire,,...cssereeeere 8 @ 10 6 
Coxs— 
OleVOlAD nrecrsessseecssssreree 9 @ 10 66 
Durh 20 «(8 22 © 





OILS, GREASE, dey area ar08 







































OILs (per tun) s. £ & 
Seal, brown Ss ° 28 10 
° 32 1° 

° 73 10 

7 33.Cé«‘s: 

° 33 10 

° 28 10 

GLTB ....cecsersreseresssesenrervee 39 8 95 @ 

PseTRoLeum— aéd a & 
Fine (per gallon) www... © 9 %© OF 

ST een ee ee ee 

Piro (per cwt)— 

Britiod .,,rcorcsccccsescecseree 8 eo 9 10 
hangel 8 e@ 9 °@ 

PLuMBaAGO (per cwt.)— 

Coylon WUMP arccrseees 12 8 116 © 

” 9 9 1 6 

00 ABE nrcccorccccoccece, 8 10 68 
Rattwar GreasB (per 

cwt.)— "B sescscscocee 98 OO eo U8 
Pritchard, Offer and Co.’s 

trated 60 © a) 

Resin (per cwt.)— 

AMROTICRR vecccocccccccereccess «$8 s 6 

TALLOW (per cwt.) 

N. American siscesceres $9 6 08 0 
° © © 

° 40 (e 

9 38 © 

9 3 °@ 

ti) 38 © 

° 38 

° 14 © 

Tan—Stockholm (per barl) 20 6 at o 
166 (6 oo 6° 

a irit— 

American (casks) ........ 24 3 24 6 

WIPInes, engine (percwt, 20 @ g§ © 

CHEMICALS, &c, 

AOCIDs— s. 4. s. a, 
Aquafortis (per lb.) ..... © 48 © § 
Sulphuric acid (per Ib.) © o eo .f 
Sulphuric acid, brown... o o of 

Amuonta—Muriate (er £ 8. £& 4&, 

Diccccoccecsccsccseese eevee 99 © $6 © 

ARSEN s. d. s &@ 
White, lump (perewt.)... 24 © a4 «6 
Powdered (percwt.) .. 10 6 Im oe 

BLEACHING powderpercwt 6 o 6 66 

Borax—refined (percwt.) 36 o@ 37 6 

BRIMSTONB (per ton)— 2s 2 6. 
Ro ecesseseccceccocencscess «860 § | BO § 10 
BIOUF secccccscsscsceveccsesserss SL 10 12 10 

S..9 . © 

Cervenss — green (per 

eoeencess a 
Correa — _ ‘Suiphate “@er ea d@ a @ 
QW.) cccccccccescrcccccccsces 19 6 98 @ 
LaAD, SaLTS, &0., (per cwt.) 
Acetate, best exe ss) le 37 «66 
Brown a3 © 26 «6 
) ee ao «(66 ato 
Whi 36 6 26 ro 
LITHARGE 3 ¢e g3 
PotasH—Bichromate (per 
TR.) cecccsccscecscscccccerseccs 8 ¢ rey 

SALTPSTRE (per cwt.) 

English refined, kegs .. 34 ©@ 26 o 
B b oO 0° oO 
4 ar 6 

Sopa 3 1a 66 

we ORY BEANS 2.0. ccccccescesees 1° 3 12 





TIMBER, DEALS, 
LONDON, 



















&c. 


(Per Petersburg standard) £ 8s. 4. £ 8. 4. 
Archangel lst yellow..... 19 9 © 19 § °® 
Bnd 4p coos 13 10 0 14 0 O 
Petersburg cecceee coos Is © © 1810 0 
Wyburg... 1100 m3 0 6 
Petersburg & Riga white g10 © tr 10 © 
Obristiana deals, best 
sorts, yell. and white... 3 $ 09 410 © 
Norway deals, other 
BOTS nrccccrccccrecescorcecee 8 O O IE 10 © 
Norway battens,allsorts 6 0 © g10 0 
Swedish deals mixed ...13 © © 14 0 @ 
Swedish deals 3rd ......... 11 © 9 12 0 © 
Swedish deals, sonanund 
BO 46D ..,...0-e0000eeee 9 9 8 Glo O 
(Battens 60s." 
deals) 
Finland deals ........00.0. 19 9 O IRIS © 
o battens ww... 9 § © 10 0 0 
AMEBIOAN DEALS— 
ete ameraenie 1600 40 0 
» 2nd oes 10 » : 14 " ° 
3rd | 23 ° 
Floated 40s., 20s,, saa 10s., leno or Ist, 
and ” 3rd, respectivel y. 
Canadian spruce, Ist...... 10 © © If © © 
” o w- 8 0 @ 810 © 
” ” Srd «1 710 0 8 OO 
New Brunswickspruce,, 3 0 o 810 © 
Ditto battens w..0.....00 719 0 8 0 0 
aaa 710 0 8 oo 
U.S. piteh sorsersnee 12 0 8 8 0 O 
AMERIOAN = a (per load) 
Red (mixed and 
DUUINg) .++......0000000ee $10 0 4 09 O 
Do. for yards ‘and spars 410 © § © @ 
Yellow pine, large .......0. § © 9 § 10 0 
Ditto waney board °e gs 00 
Ditto small ..ecsecescvecece $15 0 400 
Pitch eee x $0 g10 © 
MODEC..,...008 536 0 7 §.0 
Do. United 8S: $00 §10 © 
Elm, Bock..,...... 45° § 00 
BAD, ...cc000c-.cccercccccccrccccee $10 © 410 @ 
large ..... 410 © § 10 0 
Do. N. Bruuswick and 
BM. TRO cccccsccevciccince 9 20 O@ § OO 
Do. small average... 2 § 9 215 © 
Masts, red pine .... 410 60 g 0 © 
ep OTOZOD oe eseee 710 © 1010 0 
» Hawrie..,. 810 © 10 0 © 
Indian teak ..,.....0000-000 10 © © IT © 0 
British G 
ROBIE rrccsorssrssserrreree 8 © 0 9 0 O 
Australian iro ccooes 6 50 7 10 
BALTIc TIMBER Gulue 
TF cccceeccecescssssecccess § 10 @ 4 ° 
Dantzicand Memelcrowu 4 © o § 10 ° 
» ist mid see $10 0 410 0 
» good, middling 
and 2nd....... 5 © 0 g$iIf © 
» common  mid- 
eoccserersceres 3 1Q @ § O O 
” osg 9 § @ O88 6 
6.8 6.9.5 
215 © g10 0 
210 © 215 @ 
25 @ 315 © 
DALE vcsrccccrrerresterrerees 1126 0 8 § @ 
FLOORING BoaRbDs (per sq. 
of 1 in.)— 
Wirst YollOW....csrserrereeee 014 6 OTs 6 
whi 012 0 e113 0 
Second quali cccseosrecee © 10 O O18 O 


The above prices “at the Docks.” 


LIVERPOOL. 


WHOLESALE Prices Or TIMBER, DEALs, &C. 
From Bartish NORTs AMERICA. 


Ping Timese (per cubic 











footstring measure) £ a d. 
Gann square ., © 1 § 
La ser board ,, o 1 9 
gt Jonn's Wt N. 18 in e320 
Bri 
a, ° r 
Richibucto ..,,......... ort 
Nova Scotia and Prince 
Edward Island ,,,..... 0 1% © 
Quebec FOd ....ccccesserreree O TF 4 
Oak, Quebec er? 
Elm or 6 
2.2 
er. 
United States ........... 3 6 
meh, Be. Joba's, ds. NB o 1 3 
stuisaa’’ ° 
ova 
ha Edward Island o 1 © 
D&ALS AND BATTENS (per 
Petersburg standard) 
Quebec yellow pine, lst... 17 0 © 
Quebec yellow pine, 2nd 13 § © 
srd 715 © 
St. Jonn, ” Bangor, &o., . 
BPTUCE  ....00cccrereeesereee °° 
Ditto, Nova tia 710 © 
Boards, 7we 
© ruce wee 0 0 0 
Lath per fathom 
(ALE) scececeerececerersreeree 4 10 @ 


ew een 


®e0c80 eoco000 
ne weeruwn 
onan Cn Sw me 


“u ew, +0 
~ 
coun oun 
ecoo e080 


° 
° 


From THe Unirep States, East AND West 


INDIES, AND AFRICA. 
(Per cubic foot, string 
measure) £ 


Pitch pine, hewn ....... 9° 


8. 4 
1s 
BOWDiceveeiceene O FT 2 





“2 
wor 





OF MATHRIALS. 


Tuurspay, May 16, 1878. 
£e.4. 


Pitch La Planks ....0.00 © 
United States oak logs ... o 
(Per load calliper measure) 


Gr rt ... 
Demerara Morra.....s....0 
Bullet tree (per foo’ 








oeeene 


1 
6 


East Indianteak(perld) 10 5 © 

b 6 10 
$15 © 
0°20 


FROM THE BALT10, £0. 


(Per cb. ft, string measure) 
Fir timber, Riga red...... o 
Fir timber, Dantzic and 
Memel crown ecececcce. 
ae, ditto, other kinds 


HL sevese esses cncenven ss 





Norway hacaa ude Wao 

WaINscoT (Logs calliper 
measure) 

Riga, &c., CrOWD,......0+-.: 


(string measure) ....., © 
Pit props per lineal yard o 


DBALS, &c.— 
(Per bee gar standard) 
Archangel,  . 
tag ge ea 

~~ ‘ist . 
2 Wyburg ....0.., 11 
® Uleaborg ....,. 10 
pas Gothenburg .,, 11 

e Gefle and Stock- 
Holm ,,,...00 12 
* Memeil , - 
pat NOrway.ecccocee 7 
mn Ditto white... 7 





MAHOGANY, &c. (per foot 1 in.) 
mingo 


Oity St. Do: 
oO 


Sabicu oe 
Uedar, Havana, &. .....000 
Sleepers, Hackmatack, 
9x 10x (5 
» Pine ” 
+» Hemlock ,, 
to —-_ NAB ccnccccccccccccece 
HULL, 
(Per load). 
Memel crown fir timber ... 4 
id 
” ” 
Riga and Dantzic A cosces ; 


= ” ccccce § 
Swedish 2 








BIBL! sevccsseeseeree 2 

Ng HUD ET esesecseaceccerece 1 
(Per cubic foot). 

W9OC OLIM <..cccreerersccrseces 0 


- — 





Wer Pesoidburg standard) 
¢Arch, and Unegared.., 19 
» Pet. red3xli &3x9 19 
white .,, 11 

Riga Ist white .., werseereeces § G 


erences 8 






seveeeeee 14 


aseveee 23 


Gefle and Soderham mixed 16 


orntnn 


~o 


5 
10 
5 
10 
10 


5 


7 
10 
° 
2 
10 


5 
co 
s 
to 
10 
15 
5 


Baltic 1st red fooriug bds, 14 5 


DittO WHILE croccccssccesceerseee IL 


oOnruws w 


»o ow 


ecoocoo 
— 


owen aun @ 
ee 


~ 


@eoececeooeoeotdoecoo uoxcoos qaoooccoan 


£ 6. 
eo. 
° 3 


ooo 
— 
vwoou 


eccosd 
— 


co 
nan 


eoce 
&eywa 


eRe bawo 
a 
° 


121 


8 10 
17 10 
15 0 
11 10 


Charge for labour 2s. per standard for deals, 
and 1s. 6d. per load for timber. 


WEST HARTLEPOOL. 


(Per cubic foot) 
Dantazic good middling fir... o 
Ditto common middling fir o 
Sundowall UF sicrsccossecseeree © 
(Per Petersburg dard.) 





Gefle —— deals woe 16 
” 2n ” 13 
» ord» ‘3 
» ath oy 9 

» ‘unsorted whi 
Ce a. eereeseeses eee 10 
Tunadal Ist red d 15 
» battens... 14 
e ard red deals et 
battens ...... 10 
e 4th red deals 9 
DAttens..s.cececcerece 8 
Gottenburg 3rd red battens 10 
Petersburg ist red deals... 17 
Quebec BNE PINE weecesccseeoees 15 


WiGtO, GittO, BEA sse..seerceeeee Q 


Charge for labour 2s. per standard for dea! 
and ls 


= ue 


~ 
we cco 
- 

-~- 


- 
eon 

- 
° 


- 

n 
- Los 
“uwocononodo 


Boon 


. 6d. per load for timber. 


WISBEAOH. 


(Per Petersburg standard.) 
Gefle lst red deals 
— 


3 
Petersburg lst red battens 
Tunadal 2nd red deals 


” : wn ” 


ard 
Wyburg 1st red. = sone =r 
ove 12 
on mt red de aeae on 


wybuee 5 20d 


I 
16 
13 15 


eee 





$ 
° 


11 


Free on railway tracks. 
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30-HP. SEMI-PORTABLE WINDING ENGINE, AT THE PARIS EXHIBITION. 
CONSTRUCTED BY MESSRS. J. FOWLER AND COMPANY, ENGINEERS, LEEDS. 


(For Description, see Page 404.) 
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Auchay la Tour, 3015 acres; Auchay au Bois, | are provided with a staff and works for an extraction 


COAL MINING AT THE PARIS 3407 acres, and Flechinelle, 1330 acres, in the De- | much greater than the present demand requires. 





EXHIBITION.—No. II. 


On the 18th of February, 1877, the Committee of 
Coal Mines of the Departments Du Nord and the 
Pas de Calais, upon the proposition of the President, 
M. Vuillemin, arrived at the conclusion that it would 
be expedient to make collective exhibits at the 
Champ de Mars from the various collieries of the 
basin, and as a result of this resolution, the plan 
in relief, to which we have already referred, was 
made ; eighteen companies out of twenty-two replied 
favourably to the aap which the committee 
circulated, and divided the expenses of the exibit 
between them. The Company D’Anzin and three 
others of minor importance declined to exhibit. 
These eighteen companies are proprietors of twenty 
concessions owning collectively an area of 172,655 
acres, and embracing an extent of country of more 
than 50 miles. These concessions in going from east 
to west are: Aniche, referred to in our last article, 
28,645 acres; Douchy, 8647 acres; Azincourt, 
5455 acres; L’Escarpelle, 11,882 acres, in the De- 
partment du Nord; Dourges, 9457 acres ; Ostri- 
court, 5750 acres ; Courritres, 13,750 acres; Carvin, 
2875 acres; Lens and Douvrin, 17,347 Acres ; 


Liévin, 5125 acres ; Meurchin, 4407 acres; Bully | last figure 


et Greynay, 15,880 acres; Noeux, 2070 acres; 
Bruay, 9523 acres; Marles, 7475 acres ; Ferfay et 





partment du Pas de Calais. The plan which is 
shown in the mines 3 de Mars in the annexe of 
Class 50, is on the scale of =), ; it is 65 ft. 7Zin. long 
and 7 ft. 1 3 in. wide, It was constructed by MM. 
Reignard, of Paris, from the plans furnished by 
the various companies. The following particulars 
will be of interest. The boundaries of the various 
concessions are marked plainly on the surface of the 

lan, and the name of each is placed on a ticket 
in the centre. The positions of the shafts are 
marked in black, and the buildings are shown to 
scale. Ata glance the visitor can see the general 
aspect of the country and the relative positions of 
importance of the installations. There are at 
= 97 shafts at work, 25 unworked, and 10 

ing sunk. The total production of the coal 
basin of the Nord Department was 776,000 tons 
in 1840 and 1,000,000 tons in 1850. From this 
latter year the production of the Pas de Calais has 
to be added to that of the Nord, and the production 
of the two basins rose gradually : in 1855 to 1,776,000 
tons, in 1860 to 2,152,080 tons, in 1865 to 
3,184,000 tons, in 1870 to 4,732,000 tons, in 1873 
6,477,000 tons, and in 1877 to 6,772,936 tons. This 
represents more than one-third of the 
total production of the French coalfields. It should 
be added, however, that the companies of the basin 





It may be estimated that since 1870 a capital of 
2,800,000/. has been sunk in works, plant, &c, 
The seams which are worked yield almost every 
quality of coal from anthracite containing 8 per 
cent. of volatile matter, up to the rich coals contain- 
“— per cent, 

he products of the Nord and Pas de Calais are 
distributed throughout 43 departments of France, 
and the principal centres of consumption are about 
as follows: Aisne, 31,975 tons; Marne and Haute 
Marne, 99,700; Eure et Loire, 54,370; Nord, 
2,845,410 ; Oise, 143,560 ; Pas de Calais, 1,182,540; 
Seine, 588,560; Seine Inferigure, 156,760; Seine 
et Oise, 93,110; Somme, 271,700; other depart- 
ments, 187,360 tons. In the year to which these 
figures refer Relgium is also credited 113,860 tons. 
All the shafts of the basin are connected either with 
o alee fer du = wr with dhe ge Pe the 
atter case special branches gen of large 
sections, There are more than 195 miles of rail- 
way in the district, with about 80 locomotives and 
2500 wagons, meine oe of the material furnished 
by the Northern Railway. This réseau is indicated 
on the plan by red lines. The chief points of con- 
nexion between the Northern Railway and the 
colliery lines are made between Carvin and Haze- 
brouk, between Lille and Paris, between Arras 
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and Carvin, and also on the line from Douay to 
Valenciennes. The following are the principal 
forwarding stations given in their importance: 
Somain, Lourches, Douay, Point de la Deiil, and 
Le Forét in the Department du Nord, and Lens, 
Fouguerceuil, Noeux, Ehocques, Billy-Montigny, 
Bully-Grenay, Lillers, Carvin, Henin-Lietard, Aire, 
and Bethune in the Department du Pas de Calais. 
All these stations are marked upon the plan. In 
1875 the Northern Railway Company transported 
5,225,296 tons of coal, of which 2,801,028 tons 
came from the basin under consideration, 2,039,723 
tons were Belgian coal, 312,025 tons: English, and 
72,430 tons German. The average transport mile- 
age per ton of coal was 31.6, and the mean cost per 
mile was .57d. The navigable canals traversing 
the Nord and the Pas de Calais are: The Escaut, 
the Scarpe, the Deiile, and the canal from Aire to 
Bassée. On the plan are marked the leading 
stations of the Douchy Company on the Escaut 
Canal; those of Aniche on the Scarpe; of Escar- 

lle, Dourges, Carvin, Courritres, Lens, and 

eurchin, on the Detile; and of Bully-Grenay, 
Noeux, and Bruay on the Aire Canal. The mean 
distance that each ton of coal was carried on the 
canals in 1875 was 87 miles, and the cost of trans- 
port was .32 per ton per mile. During the same 
year, the products of the basin were forwarded in 
the following proportions : 28.9 per cent. by water, 
42.3 per cent. by railway, and the remaining 28.8 
per cent, was used for local consumption by carts.* 

The workmen’s dwellings constructed in all cases 
by the companies are shown clearly upon the plan, 
each block being laid outto scale, and distinguished by 
the garden plots coloured green of uiliform tint, in 
contrast to the miscellaneous ‘villagés and separate 
houses, which are of various colonrs, and itregularly 
arranged. In the Pas de Calaié, where the native 
population was somewhat scaiée, the companies 
were obliged to expend consider 1 “Build. 
ing in order to provide accomm neéces- 
sary number of workmen, They have é alto- 
gether about 12,000 houses, each of ' : Aeageery 
two or more distincts sets of apartments. ‘Each apart. 
ment is occupied by a family, which inehides about 
one and a half workmehi; about half of the labourers 
employed by the companies are lodged in these 
heuses ; the Bully-Grenay provides them for 70 per 
cent. of its staff, Maflés aH cent., and Aniche 
28 ye cent.t| The ‘rents cted vary from 36 to 
72 francs per ‘month, represents, with main- 
tenance expenses and logsés; scarcely 1.5 per cent. 
of the capital’ émployed ‘in the construction. In 
several of thé minés the workman’ is enabled to 
become proprietor of his hotse by making gradual 
payments equivalent to double or threefold the 
— of his Le according to Ree or rat 
The various schools, Pn rece “places of 
worship are also indicated upon the plan F asi? of 
the companies give gratuitous instruction to thé 
children of their workmen, and will not ‘take into 
their employment any who do not know how to 
read or to write. In 1875 the various companies 
employed 39,766 men of all ages, of whom 31,285 
were occupied in the mines, and 8481 on the surface, 
representing a population of more than 100,000 
inhabitants supported entirely by this mining in- 
dustry. 

Besides the coke ovens, the factories for the pro- 
duction of compressed fuel and other accessories to 
the mines, the various manufactories in the locality 
—sugar works, refineries, breweries, distilleries, glass 
works, &c.—are shown upon the plan, as well as the 
hamlets, villages, woods, streams, ponds, &c., which 
are located within the limits it deals with. 

The actual outlay necessary to establish a mine 
capable of yielding 100,000 tons per year in this 
district has been estimated at 120,000/, but the 
commercial public has given to this industry a much 
higher value, and from the prices at which tae mining 
stocks are quoted on the Bourse at Lille, the works 
in the basin of the Nord and the Pas de Calais repre- 
sent a value of about 24,000,000/. 

Placed in the centre of the special exhibits of the 
different companies, the plan we have been deserib- 
ing serves as an admirable means of instruction ; it 
is to this plan that the visitor when he commences to 
study the extent of the rich deposits there opened and 
the power of production the companies possess, should 








* From the coal statistics published by’M. Michat. 
+ Report on labourers’ dwellings’ in 1871 by the 
Committee of Northern District Mineral Industry. 


Tt See report of in-chief of mines to the 
Councils-General of the enatuante du Nord and Pas de 





turn his attention. When it is remembered that 
twenty-five years ago the whole extent of country 
shown upon this plan—to-day covered with works 
and matériel, and traversed in all directions by rail- 
ways, roads, and canals—was only a vast desert, it 
will be realised how magnificent is the example of 
industrial development and increase of national 
wealth which is represented by this model. 








CANADIAN RAILWAYS.—No. V. 
INTERCOLONIAL RAILWAY—(concluded). 

Crossinathe Restigouche, the river with ‘‘ branches 
like a hand,” as the name signifies, the Intercolonial 
now follows the Metapedia valley, which is the 
thumb of the series. The scenery here is wild and 
mountainous, and the great rapid river surges and 
frets in its rocky bed alongside the railway for the 
next thirty miles of its course. Three times to avoid 
the impending rocks the road has to cross the river, 
each time on three or four long iron spans resting 
on stone piers bedded on the solid rock, the founda- 
tions won with difficulty from the turbulent stream, 
and the massive structures chafed by its foaming 
waters. As the valley widens, the course is along 
the winding shore of the great Metapedia Lake, 
and then’a inhospitable country is passed, and 
the wild Layabec river is approached, whose rapid 
stream running north indicates that the summit 
has been crossed, and that this is in the water shed 
of the mighty St. Lawrence, The long artificial 
tunnels or snow sheds which are left behind in 
rapid succession to this point, are not altogether 
the drawbacks that might be anticipated, as 
they nearly always occur in cut where the 
view of the surrounding scenery would be otherwise 
obstructed, nor are they 0 dark and gloomy 
as tunnels generally are; the bi as being purposely 
left open and the Board not hecessarily water-tight, 
Still it must be conféssed ¢ 6 by no means a 
pleasant accessory to’ tré 






’ d the fact that 
they are here absolutely essential in winter, dis- 
agreeably reminds one at that’ season of the con- 
tingency that there may be oné too few, and a 
blockade in this bleak uninhabited Causapscal 
Seigniory is a calamity one shudders to contemplate. 
At St. Octave, after 90 miles of this wild peninsula, 
of Laurentian rock and metamorphic slate, of lonely 
lake and rushing river, thé heart gladdens at the 
sight of houses and civilisation, and the change is 
fully appreciated when, eae westward, the 
green farms that fringe the old Gasp’ road are 
seen smiling in all their beauty, and last, and 
greatest of all,°at their front stretches, league 
after league, the lordly St. Lawrence. Seen 
on a bright sunny day, from the high vlateau on 
which the railway is located, the first view of the 
great river of Canada is singularly’ beautiful. 
Approached at such an anglé, and with a. sufficient 
elevation to command the wholé glorious panorama, 
the coup dail is magnificent. é great river is 
here over thirty miles wide, hundreds of vessels, from 
the great timber-laden ship to the tiny speck of a 
boat, are on its ample bosom, across are the dark 
red crags of the Maniconagan peninsula, with its 
little white speck of a lighthouse; stretching away 
to the right till lost in the hazy distance are the wild 
shores of Labrador, opposite but still over 25 miles 
away are the dark green islands of the Mille Vaches, 
a dozen other emerald oases stud the broad expanse, 
and on the closer shore the fantastic shapes of many 
a rocky headland wooded to its brow, and the well- 
defined terraces that stand out one above the other 
in bold outline, mark the successive borders of the 
great river in different geological epochs, separated 
from each other and from the present by untold 
centuries. As the train speeds onward over the level 
aes of one of these upper terraces, the scenery 

ike a great kaleidoscope changes incessantly, but is 
always beautiful, and in the 200 miles to Quebec there 
is scarcely one passed over by thetravellerthatis tame 
or uninteresting. The long succession of houses and 
farm buildings, most of them with a quaint old wind- 
mill as an adjunct, that mark the course of the public 
road, at intervals the tin-roofed chapel surmounted 
by its cross, round which a village has clustered 
and adopted as its own the name of the saint to whom 
the church is dedicated, and at still longer intervals 
the more populous town, with educational establish- 
ments, churches, and buildings generally, that one 
scarcely expects to find in a part of the world till 
lately so little known, and so difficult of access, are 
passed like a moving panorama, and distract the 
mind from monotony or weariness. 

A French habitant when he dies, and often in 





anticipation of that event, splits up his farm longi- 
tudinally, and gives to each of his sons an equal 
frontage and a slice of the land down the three or 
four miles of his holding to the rear, and in disposin 
of it or quoting its price it is valued not by the area 
but by the frontage. Hence it is that as the train 
hurries along through these ‘‘ farms,” some of them 
only twelve or fifteen yards wide, one wonders at 
the long rows of snake fences that appear to be 
worth as much as the land that they divide rather 
than bound, and hence it is that the old carriage 
road appears like a continuous village, not only here 
but wherever purely French settlements occur in 
any part of Canada. 

At Rimouski, 187 miles from Quebec, a branch 
two ‘miles long, terminating ‘on a spacious wharf, 
marks the place where the English steamers land 
and embark their mails. A steam tender is in the 
offing waiting the arrival of her big consort from 
the Atlantic, andif she has been already telegraphed, 
the special train backed down to the wharf is in 
readiness to whisk her letters to Montreal in thirteen 
hours from this point, long before the mail steamer 
herself will have come within sight of the old sea- 
port crowned heights of Quebec. At Trois Pistolles— 
whose river, once the scene of the extortionate 
ferry charge that gaye it the name it bears, is now 
spanned by a fine iron bridge that carries the rail- 
way over its rock-bound torrent—one sees across 
the St. Lawrence the mouth of the Saguenay river, 
and the old trading post of ‘Tadousac, 122 miles 
below Quebec by the road on the north shore, the first 
village of the French on thissterile coast, the oldest 
church establishment in America, and the trading 

that was long the principal depét of the fur 
tradé to which Canada owes its first settlement, and 
the eae ‘of which industry has done more to 
people its wilds, and explore its vast rivers and 
territories, than all other causes combined. The 
thirst for gold was the ruling motive of Columbus 
and the early navigators that Portugal and Spain, 
Venice and Genoa, started on their adventurous 
career, and which drawing after them the inflamed 
spirits of Europe, first peopled the rich islands of 
the Mexican Gulf, and the mainland of Central 
and Southern Ameri¢a’; but in these northern climes 
the trade in peltry led to equal results, developed 
equal enthusiasm, was followed with greater danger, 
attended with infinitely more adventure, and brought 
in its train equal ruin and misery upon the original 
inhabitants. It is to this and its fisheries that 
Canada owes its présent position, and it was for 
the monopoly of this that so much of the best. 
blood of England and France hes been shed, and 
such fearful .privations have been undergone. 
Tadousac closed round by a desolation of barren 
mountains, still a post of the Hudson Bay Company, 
stands like a relic of the past or a stray waif from 
a northern sea, at the mouth of the great gloomy 
river through whose rocky portals the mysterious 
world of the north may be approached, and the 
frozen solitudes of the icy ocean beyond it. Like 
the St. Lawrence itself, its first great affluent is 
never an insignificant stream, and the Saguenay 
bursts from the great lake at its head a mighty 
river. Deep sunk between the impending preci- 
pices that overhang its dark waters, it flows onward 
with a volume two to three miles wide, and always 
of an immense depth. From the height of 2000 ft. 
of primeval rock to which the faith or fears of 
the early voyagers have given the ghostly names of 
Trinity and Eternity, these two great granite portals. 
look down into the depths of the great river be- 
tween them as profound as their own altitude. 
Like many other Canadian waters as it approaches 
its confluence with the parent stream the Saguenay 
contracts its outlet, but its proportions are still 
noble, and it enters the St. Lawrence with a breadth 
of over a mile, and a depth of more than 3000 ft. 
From Trois Pistolles to River du Loup, where 
the Intercolonial proper at present ends, and for- 
ward on the Grand Trunk 12] miles to the Chaudiére 
Junction, where the River du Loup branch joins 
the main line from Quebec to Montreal and Port- 
land, the railway still runs on the same level terrace 
that we have so long pursued, abont two miles 
from the river, and with here and there some lovely 
scenery where the rocky heights of the upland are 
broken through by some boulder bedded river, that. 
sweeping from the Temiscouta Mountains on the 
south rushes forward over rocky terrace and foam- 
ing rapid to the St. Lawrence beiow, P 

Some of the French towns on the river side are evi- 
dently thriving places and of considerable size, with 
large stone churches and imposing public buildings, 
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whilst others, as Bic and Cacorma, are becoming fash- 
ionable watering-places, and attracting their propor- 
tion of summer visitors and holiday excursions. At 
Chaudiére Junction as curve over two-thirds of 
a circle bends the course almost back on itself, and 
in eight miles the terminus at Point Levis is reached, 
from whence a ferry-boat transports the passengers 
across the river to Quebec, whose old historic ram- 

rts frown down on the busy St. Lawrence 300 ft. 
Cotow them. 

Along the whole length of the Intercolonial there 
is only one short tunnel near Campbelton, through 
which the trains pass, but one special feature of this 
railway, and one perhaps not to be seen elsewhere, are 
the number of tunnels under the railway for the 
passage of brooks and rivers. The best example of 
this novelty in engjneering is perhaps one of the 
crossings of the Barnaby river, near Miramichi, 
which is taken underneath the railway by a tunnel 
20 ft. high, 20 ft. wide, and 115 ft. long, cut through 
the natural rock, and with a deep rock cutting at 
each end of the tunnel to the old river bed above 
and below it. ‘Tnese tunnels for the passage of 
water are of all sizes, from 4 ft. to 20 ft., and have 
saved an immense amount of masonry in places where 
without roads and at a distance from quarries, a 
suitable building material would have been difficult 
to procure, In one case a tunnel 20 ft. in diameter 
and 500 ft. long, parallel to the railway, cut through 
a point of rock round which the Tortogueux river 
formerly flowed, takes the whole water of the 
stream, and saved the construction of two bridges. 
Another novelty is the use of cast-iron pipes 2 ft. 
and 3 ft. in diameter, laid across and underneath 
the railway in place of masonry for culverts. In 
one section of 24 miles there are 1065 ft. in aggre- 
gate length of these cast-iron culverts, and in 
another 20 mile section, there are 424 running feet 
of iron pipe 3 ft. in diameter, to carry the water from 
the rocky rivulets of the mountain side above, across 
the railway. 

Branch Railways.—The policy of the Government 
has so far been to encourage the construction of 
branch railways from the Intercolonial by private 
enterprise, and both the Windsor and Pictou 
branches, taken over from the Nova Scotia Govern- 
ment at confederation, are to be given to private 
companies as a bonus to extend them east and west. 
In some cases the rails taken up from the main line 
where this was relaid with steel, have been given to 
these branch roads, and besides the assistance of the 
general Government in this way, they have been 
subsidised by the local Governments, and by the 
municipalities which have been benefitted by 
their construction. Of these subsidiary lines 
there are six owned by as many different companies, 
and of an aggregate length of 154 miles, some of 
which, however, are not yet fully completed. The 
most important of these is probably the Springhill 
and Parrsborough Railway, which, leaving the main 
line at Springhill, 121 miles from Halifax, passes 
through the colliery district of the same name, and 
continues forward to Parrsborough, on the Bay of 
Fundy. This line, only recently opened throughout, 
has already a heavy coal traffic, although only one 
colliery in the large mineral district over which it 
passes is at present in operation, and it has at its 
water terminus an excellent harbour, and a town 
largely interested in shipbuilding and lumbering. 
To assist this the railway passes through a magni- 
ficent uncut forest, and the company own in addition 
to this land some valuable mineral areas, depending 
upon the development of these quite as much as 
from the traffic upon their railway for its future 
prosperity. The coal in this district was discovered 
some years since, but it was not till the opening of 
the Intercolonial that any serious mining operations 
were fairly commenced. The seam, which shows a 
thickness at the surface of 11 ft., dipping at an 
angle of 36 deg., has since developed a parting 
which at the present time is 17 ft. thick, leaving two 
seams 5 ft. 4in. and 4 ft. 6 in. of saleable coal. The 
coal used on the Intercolonial comes principally from 
this colliery ; out of 48,601 tons purchased for the 
Intercolonial in 1876, 33,224 tons were Springhill, 
which turned out for the year a total of 72,596 tons. 

Another important feeder, and like the Springhill 
line only recently opened, is the Albert Railway, 41 
miles long, turning off the St. John division at Salis- 
bury, 76 miles from the city. This opens up a 
valuable mining and agricultural district almost 
surrounded and cut off from communication by the 
great muddy Petitcodiac with its unmanageable 
tides and treacherous mud flats. The principal mine 
on this railway is for the extraction of a mineral 


which occupied the provincial courts some months to 
determine whether it was coal or not, and whether 
therefore it became amenable to the royalty payable 
to the Crown for each ton of coal raised. This 
cause cel bre terminated in a scientific point of view 
unsatisfactorily, not deciding the nature of the 
mineral, but giving it, from the locality where it is 
found, the name of Albertite, by which appellation 
it has since been known. The vein, which is about 
600 ft. wide and in the middle 16 ft. thick, taperin 
off to 3 ft. or 4 ft. at each side, runs into the groun 
nearly perpendicularly, like a great twisted board 
pushed into a mudbank, and the vein now worked 
over 1000 ft. deep, presents about the same area and 
characteristics as when worked near the surface on 
its first discovery twenty-five years since. It has 
the appearance when first taken from the ground of 
a beautiful Whitby jet, but it becomes friable when 
exposed to the air, loses its lustrous appearance, and 
crumbles to small pieces. It may be lit by a match, 
and will burn like a candle; when treated in a gas 
retort it melts, yielding 14,000 feet of gas of excellent 
quality per ton, or if distilled making 100 gallons of 
oilto the ton, and for this latter p it was 
principally used until the produce of the vast oil 
wells of Pennsylvania rendered its distillation un- 
profitable. ‘The mine has paid large dividends, often 
over 100 per cent., the works are very complete, 
and the machinery and buildings are models in their 
way. The other four branches connect the towns 
of Elgin, St. Martin’s, Chatham, and Richibucto with 
the railway, and merit no special remark. 

As before remarked, grave fears have always been 
entertained concerning the remunerative nature of 
the traffic of the Intercolonial. For commercial 
purposes alone its construction was perhaps un- 
justifiable. ‘The old railways of New Brunswick 
and Nova Scotia serving the more settled portions 
of each province netted little more than their work- 
ing expenses, the experience of all private lines in 
both has been disastrous, and there was nothing 
apparently to exempt the Intercolonial from a similar 
want of success. But the railway, for political and 
strategical purposes, had to be made, and its work- 
ing was confessedly a great experiment. The first 
and great question whether in the north shore 
snow storms its continuous operation could be de- 
pended upon, was settled satisfactorily last winter ; 
its commercial availability has to be made apparent 
in this and succeeding seasons, A disruption in the 
former amicable arrangements between the Grand 
Trunk Railway and the Allan line of steamers is at 

resent showing a heavy weight in its fayour. 
Hitherto the Montreal Company’s steamers in 
winter have made Portland, in the State of Maine, 
their Transatlantic depét, where the Grand Trunk 
Railway has loaded them with the produce of 
Canada and the Western States. On the completion 
of this national railway, the steamers were compelled 
to call at Halifax for the Canadian mails, but during 
the winter of 1876-77 they did so unwillingly, as 
running a risk without any practical benefit. The 
same train that left Montreal on a Friday evening 
carried the passengers for the steamer leavin 
Portland on a Saturday, and the mails to be calle 
for at Halifax on the Sunday. There was no saving 
of time, in fact there was the delay of running into 
Halifax, and there was the extra expense of the 
long railway transit from Quebec by the Inter- 
colonial. Last winter this was all changed. The Allan 
steamers no longer go to Portland ; on their arrival 
from England, mails and passengers are disembarked, 
and in twenty-four hours should be in Montreal ; the 
steamer then removes to the railway wharves at 
Richmond, and so well has the work been done, that 
in forty-eight hours her 1000 tons or 1200 tons of 
freight has been at its Canadian destination. In 
both cases passengers and freight have been at the 
commercial capital almost as soon as, under the old 
arrangement, they could have been started from 
Portland. There seems no sufficient reason why 
the Grand Trunk of Canada should oppose the 
Canadian port in preference to the American one, 
The distance by that railway from Montreal and the 
west, to Portland or to their other eastern terminus, 
River du Loup, is almost exactly the same, the 
rates and tariff precisely identical, but for some 
reason the Grand Trunk does favour the American 
route, and in this, as in other matters, is not cordial 
in developing a new traffic that one would think 
ought to be worthy of attention. As the rates and 
fares are the same on the Grand Trunk either to 
Portland or to Du Loup, to secure the trade of the 





West, the saving on the sea has to be 
balanced against the 561 miles of the Intercolonial. 


Sir Hugh Allan, for the Montreal steamers, agrees 
to carry grain from Halifax for 1s. 3d. Pwd quarter 
less than the rate from Portland. Mr. Brydges, on 
the part of the railway,-offers to carry it for this 
ls. 3d. per pea the resulting , as between 
Chicago an reggae or for instance, being the same 
by either route. is important question therefore 
of price is set at rest, and the same rule applies, it 
is understood, to everything else either out or in, 
the freight either way being the same. 

There is another argument in favour of Halifax. 
even as a summer route. The estuary of the St, 
Lawrence is an expensive navigation even for 
steamers, andsailing vesselsto Montreal must increase 
the expense of towage. A grain vessel of 600 tons 
carrying 3600 quarters will disburse in a trip to 
Montreal 1700 dols. for services that would cost 
700 dols. in coming to Halifax, besides the saving 
in time and the wages and victualling the crew. 
This 1000 dols. of saving, or about 200/. sterling, 
being about the Intercolonial rate of 1s. 3d. 
quarter. These are the arguments that are being 
used to divert the trade to the new route; experience 
only can assign them their legitimate value. Mean- 
whilethe railway is gradually increasing its local busi- 
ness, 80 far there has been no tax upon the resources 
of the Dominion for its maintenance, and Canada 
has reason to be proud of the accomplishment and 
satisfied with the results of her first great Inter- 
colonial Railway. 





AMERICAN IRON AND STEEL WORKS. 
By A. L. HoLiry and Lenox Smita. 
No. XXIV.—P ate MILt oF THE Bay State Iron 
ComPany. 

THE works of this company are somewhat ex- 
tensive, consisting of two blast furnaces with 16 ft, by 
66 ft. stacks, at Port Henry, New York, in the noted 
Lake Champlain iron region; also of a rail and puddle 
mill with sixteen double puddling furnaces, thirteen 
heating furnaces, and four trains of rolls; a plate 
mill with two trains of rolls, five heating furnaces, 
and a hammer, and a small (one furnace) Siemens- 
Martin plant. These are of usual type, and present 
no features of special interest. There is also a new 
plate-mill which forms the subject of this paper. 
All the plant except the blast furnaces is situated on 
tide-water at South Boston, Massachusetts, 

The new plate-mill shown by Fig. 1, page 402, isso 
fully explained by the marginal references, that little 
em er is nec The engine has a 39 in. 
cylinder by 6 ft. stroke, and a Morton ejector con- 
denser, The engine is connected to trains on either 
side by means of a drag-crank fitted with circular 
boxes to relieve the strain on the crank-pin. This 
pin is 9 in: in diameter. The main shafts are 
22 in. in diameter, the journals being 19 in, by 30 in.; 
they are cast from gan iron, a usual practice in the 
United States. The flywheels are each 24 ft. in 
diameter and 53 tons weight. 

One train consists of a stand of two-high plate 
rolls 30 in. in diameter and 9 ft. face, the necks 
being 20 in. in diameter and 14 in. in length. The 
screws which raise and lower the top roll are worked 
from the engine by means of a clutch. This train 
also has a stand of three-high plate rolls of the Lauth 
type. They are 7} ft. long; the top and bottom 
rolls are 28 in. in diameter with necks 18 in. in dia- 
meter by 14in. long; the middle roll is 18in. in 
diameter. The pinions are 3lin., of the double 

iral pattern, which is coming into general use in 

the United States. The leading spindles are 17 in. 
in diameter, and 7 ft. long. The screws are worked 
by hand. The tables or aprons behind the rolls are 
worked by steam — by means of wire ropes. 
The other train has a similar stand of two-high 
= rolls, and also a stand of three-high grooved 
rolls. 
Fig. 2, on page 402, shows in elevation, Fig. 3 in 
half plan, and Fig. 4 in cross section, the plate- 
straightening apparatus : pene by Mr. Crooker., 
Heavy rollers are moved by power back and forth 
over the plate as it lies on the hot bed. This has 
proved to be an excellent straightening machine, 

It will Se in the — 48 ee 
speaking, the space, the cranes an ing facilities, 
and the finishing machinery, are ample ; also that the 
arrangement yl is convenient, ‘This might be 
expected in a designed by Mr. Ralph Crooker, 
who is the oldest rolling mill superintendent in the 
United States. He was in of the Old Boston 
Iron Works in 1846, when the first T rails were made 
in New England. He also started the second open- 





hearth steel furnace in the United States, and was 
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PLATE MILL OF THE BAY STATE STEEL WORKS, U.S.A. 
( For Description, see preceding Page.) 
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RAILWAY SIGNALLING APPARATUS, AT THE PARIS EXHIBITION. 
CONSTRUCTED BY MESSRS. SAXBY AND FARMER, ENGINEERS, LONDON. 
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the first to develop in that country the manufacture 

of Siemens-Martin boiler plates. Very creditable 

specimens of this manufacture were shown in the 
entennial Exhibition. 


RAILWAY SAFETY APPLIANCES. 

A very important improvement has of late been 
effected in those appliances which have for their special 
object the safe working of railway traffic. This con- 
sists in the mechanical union of the block and inter- 
locking systems, which has been most ingeniously and 
practically accomplished by Messrs. Saxby and Farmer’s 
manager, Mr. Hodgson. These two systems—the block 
and interlocking—each excellent in itself, unite to insure, 
as far as human foresight can, the safe working of our 
railways, that is when they are worked with care and 
proper attention. But there still exists room for error 
to creep in and consequently for accidents to happen. 
The two systems are’worked independently of each other, 
and there is the possible danger of a contradiction be- 
tween the block telegraph signals transmitted from one 
station to another, and the out-door signals exhibited to 
the engine drivers. We need hardly point out that 
serious accidents have frequently occurred on lines 
worked by the block system, in consequence of the error, 
omission, or misapprehension of telegraphic communica- 
tions between stations. Mr. Hodgson’s combination of the 
two systems is intended to prevent such mistakes. The 
object is effected by making the telegraph communica- 
tion depend upon the condition of the point and signal 
apparatus, and in making the condition of that apparatus 
depend upon the telegraphic communication. In other 
words, the block and the interlocking systems are made 
absolutely interdependent. 

We recently examined the construction and working of 
this apparatus at Messrs. Saxby, and Farmer's works at 
Kilburn, and we certainly consider it to form a most im- 
portant step in railway signalling. In order to render 
our description clear, we will assume that there are 
three successive stations, A, B, and C, on a line of rail- 
way, each station being fitted with an ordinary frame of 
point and signal levers interlocked in any known manner. 
There are also electrical block signalling instruments 
by means of which each signalman can communicate 
fo the next. The signalling instruments are arranged 
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as near to the lever frame as is convenient, and each 
instrument is fitted with a sliding rod, which can be 
moved by hand so as to make or break contact with 
the line wire. Each of these rods is connected to a 
sliding bar which extends along the row of point and 
signal levers. On this bar are a series of stops so ar- 
ranged that when the bar is moved by the sliding rods, 
levers are either locked or unlocked as may be desired, 
and when the levers are moved they either obstruct or 
release the sliding bar, and thus lock or unloek the sliding 
rod connected to it. Assuming that the signalman at A 
has signalled to the man at B that a train is about to 
enter the section A,B. Then B puts his point and 
signal levers right for the reception of the train, and thus 
unlocks his electrical instrument whereby he signals back 
to A “line clear.” The operation of giving this signal 
causes him to lock his levers in the right position for the 
passage of the advancing train. , 

So far we have only spoken of the arrangement by 
which the signalling instruments and points and signal 
levers at one station are interlocked with each other. 
We have now to notice the additional appliances 
whereby the signalman at one station can control the 
operations of the signalman at another station, and 
which render perfect this ingenious combination. For 
this ore Mr. Hodgson applies to the sliding rod of 
the block signalling instrument at the one station a 
trigger or detent connected to the armature of an 
electro-magnet, the coil of which is in circuit with the 
line wire and the indicating instrument from the other 
station. When this indicating instrument gives the 
proper signal, the electro-magnet connected to it, acting 
on the armature, causes the detent either to engage with 
or to disengage from a stop on the rod. This of course 
either prevents it being moved or permits it to be moved 
as the case may be. Referring to the explanation of 
working the first portion of the apparatus it will be 
observed that it is there assumed that B has put his 
lever right, and has signalled back “line clear” toA. By 
this operation he, by means of the electro-magnetic 
arrangement just described, releases the sliding rod 
of the signalling instrument at A, and thus enables 
the man at A to work it so as to lock or unlock 
his own levers. It will thus be seen. that in this 
mechanical combination of the block and _inter- 
locking systems, both are operating at the same time, and 





are made to work coincidently. The levers of the points 
and signals and the handles of the telegraph instruments 
are interlocked reciprocally, and consequently there can- 
not be any contradictory work between the out-door 
signals and points, nor between them and the train tele- 
graph signals transmitted electrically. It is of consider- 
able importance to note that all this can be accomplished 
by the apparatus at present in use, so that the adoption 
of Mr. Hodgson’s combination does not mean a heavy 
outlay. In the case of the London, Brighton, and Sou 
Coast Railway, where the system has already been adopted, 
the connecting apparatus has been adapted to the existing 
arrangements of working. Mr. Hodgson’s invention has 
received the unqualified approval of the Board of 
Trade. 

The accompanying engravings, illustrative of the 
system, represent an interlocking apparatus consisting 
of fourteen points and signal levers combined with four 
electric telegraph signalling instruments, two for the up 
and two for the down line of railway as exhibited by 
Messrs. Saxby and Farmer in the Paris Exhibition. Fig. 1 
represents a transverse section through the lever frame 
with one of the levers L in its normal position, the inter- 
locking of the levers is that known as the “ inary 
action of locking gear,” wherein the interlocking is effected 
by means of the movement of the spring catches of the 
levers. Fig. 2 uy a a front view, partly in section, the 
fourteen levers being removed for convenience of 
sentation ; in this figure the exterior of two of the in- 
struments is shown and the interior of the two others. 

On the framing M is mounted at a convenient level for 
the eye and hand of the operator, a pair of electrical block 
instruments A and.B for the up line, and a pair OC D for 
the down line of railway; each of these instruments is 
provided with a vertical rod or spindle G, worked by 
means of a horizontal spindle e!, attached to the handle 
E; connected to and worked with the cross spindle e! is 
the dial plate e*ha written upon it the words “line 
clear,” “ line blocked,” or “ train on,” as the case may be, 
these dial plates working with the handles E are moved 
backwards and forwards behind suitable openings in the 
face of the electrical instruments, and thus indicate 
clearly to the operator the message he is sending to the 
distant station. On the upper portion of each instru- 
ment there is a miniature semaphore signal, the upper arm 
being worked from the adjacent station, and the lowerarm 
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ted electrically by the movement of the handle E, 
us indicating to the tor that the action of his 
electrical 8 CO! with the mechanical action 
of the es E, and the dial-plate attached thereto. Con- 
nected to the spindles e! are insulated crosspieces of metal 
e*, which when the handles E are turned are brought to 
bear upon the springs e¢*, and thus electrical contact is 
made, and the necessary signal is transmitted to the 
distant station. 

The two instruments B and C have in addition to this 
a plate ¢* attached to the crossspindlee'; on the upper 

ge of this plate is a notch for ns the detent /! 
which is suspended between the plate e* and a pair of 
electro-magnets F ; these magnets are connected to the 
instruments at the distant station. When the handle E 
is turned the detent /* falls into the notch on the edge of 
thej plate ¢*, and thus locks it and prevents the handle 
being turned so as to make contact or set free the lock- 
ing ; but when from the next station an electrical current 
is transmitted through the coils of the electro-magnets 
F, the detent /' is held up, and does not fall into the 
notch in the edge of the plate e*, consequently no ob- 
struction is presented to the full movement of the 
handle E. Each of the rods G is connected at its 
lower extremity to a flat spindle or rocking shaft 
H, working in suitable bearings mounted on the 
main frame of the lever locking apparatus; each of 
these flat spindles H has an arm or crank formed upon 
it, which engages with a jaw or gab on the hori- 
zontal sliding bars I. On the bars I are suitable stops 
or locks K, which operate upon the interlocking gear 
as follows: viz., when it is intended to move one of these 
levers L, its spring catch 7 is grasped by the hand so 
as to free the lever by raising the end of the rod ? out 
of the notch of the quadrant ?, but this movement act- 
ing also on the rocker 4 causes one of the flat spindles 
or rocking shafts 5 to be partly turned. In the one 
position of the sliding bar I this spindle is free to turn 
to the position indicated by the dotted lines in Fig. 2, but 
being so turned it prevents the sliding bar I from being 
moved in the direction of the arrow and thereby locks 
the rod or spindle G, if on the other hand by the partial 
movement of G the sliding bar I has been moved in the 
direction of the arrow, so as to bring the stop or lock 
K immediately over the flat spindle or rocking shaft 
is, then this spindle cannot be turned to the position in- 
dicated by the dotted lines, and consequently the 
spring catch rod /* cannot be raised out of the quadrant 
notch, the main leyer L being thus firmly held in its 

ition. By this means the interlocking between the 
instruments and the levers is accomplished, and the 
operator is unable to move the instruments to give 
“line clear,” unless all the levers are in their proper 
positions, and also he is obliged to move the handle E 
of the instrument B, and send the message “ train on” 
to the next station before he can move his signal lever 
to give a signal to a driver to proceed ; therefore no train 
can be sent on unannounced, andas the handle E cannot 
be moved without the permission of the man at the 
station in advance, the out-door starting signal cannot be 
moved without his permission also. 

In some instances locks of a modified form are re- 
quired as shown atk’, Fig. 2, in which case the lock i! 
is pivoted on the slide bar I, the result being, that if the 
spindle below this special lock is turned partly round 
to the dotted position, the bar I cannot be moved, and 
consequently “line clear” cannot be sent, but if the 
bar is first moved, and then the spindle turned up, the bar 
ean be put back to its normal position, the lock ki risin 
over the spindle, and dropping over it so that the bar 
cannot be moved again until the spindle has been put back 
to the horizontal position; by this means it is made com- 
pulsory for the starting signal to be put to danger before 
* line clear” can again be given to the station in the rear. 

In order to understand the mode of working the appa- 
ratus, we will suppose a warning received on the electric 
bell (which bells are not shown in the illustration as they 
may quite of the usual type) that a train wants to 
approach, the signalman must first place all his levers 
in their per position (if they are not already so), and 
then, and not then, can be sent the message “ line 
clear” to the rear station, which he does by ing round 
the handle E of the instrument A ; having done this his 
levers become locked. Then the message “ train coming” 
is sent tq him by means of the small semaphore arm on 
the upper portion of the instrument A ; it is now his duty 
to warn the signalman at the next station in advance, by 
means of the bell, of the coming train, and in reply if all is 
right he will receive the message “line clear” by the 
lowering of the small semaphore arm on the instrument 
B; now the handle E of the, instrument B should be 
turned, unlocking the starting signal lever, which can then 
be lowered for the train to proceed. : 

The locking is also so arranged that the handle E of 
the instrument A must be returned to ts normal position 
of “line blocked” before the handle of the announcing 
instrument B can be turned, consequently “line blocked” 
must be sent to the rear station betore 








instruments C and D for the down line is of course 
isely similar to that described for the up line. The 


ocking combinations may be varied to suit any mode of the 


block working, or any kind of telegraph instruments or 
interlocking apparatus. 

The arrangements designed for the London, Brighton, 
and South Coast Railway differ somewhat from those 
above described, inasmuch as on that line Tyer’s one- 
wire system is in use, and the instruments with the 
plunger keys are retained, but exactly the same results 
are attained. These results may be briefly summed up as 
follows: Firstly, points and out-door signals must be put 
in proper position before “line clear” can be telegraphed. 
Secondly, no movement of points can be made for shunt- 
ing, or giving access to a line signalled as “clear,” nor 
in any case can such movements of points be made, until 
“line blocked” has been transmitted to the station on 
either or both sides. Thirdly, the signal “train on line” 
must be transmitted to the station in advance, before the 
out-door signal for a train to enter a block section can be 
given, so that it is not possible for a train to proceed to 
the next station unannounced by telegraph. Fourthly, 
the out-door starting signal cannot be given to permit 
entrance into a block section without the consent and 
concurrent action of the signalman at both ends of such 
block section. Fifthly, the out-door starting signal must 
be reset to danger behind every train. 








SEMI-PORTABLE MINING ENGINE. 

We give this week on page 399 a perspective view of 
a 30-horse semi-portable winding engine constructed by 
Messrs. J. Fowler and Oo., of Leeds, and exhibited by them 
at the Paris Exhibition. The engine is of a type which 
Messrs. Fowler have made for some years, but it includes 
seve ral improvements of detail, and is of particularly neat 
design, as our engraving will show. 

The engine has a pair of cylinders 12 in. in diameter 
with 14 in. stroke, these being so placed that they pro- 
ject beyond the front of the smoke-box, a cover being 
provided at the top of the valve chest for ready access to 
the valves. The crankshaft is geared 1 to 5 to the 
winding-drum shaft, the gearing being of very strong 
proportions, as are also all the working parts. 

The boiler has a firebox 3 ft. 9 in. long by 4 ft. 4 in. 
wide, and the barrel contains 41 tubes3 in. in diameter 
and 8 ft. 9 in. long between tube-plates. A capacious 
dome is provided atthe top of the barrel. The engine 
bedplate, it will be noticed, is prolonged to form the ash- 
pit, and is fitted with a damper door at the firebox end. 
The frame is very massive, and its outline is particularly 
neat. Thelength and width of the engine and boiler 
over all are 17 ft. and 8 ft. 6 in. respectively, and the 
whole isa thoroughly substantial job. 








STRENGTH OF BOILER FLUE TUBES. 
To THE EpIToR oF ENGINEERING. 

S1z,—So it appears from Mr. Wilson’s letter last week, 
that my rule is uncanny for life and limb, because somebody 
‘used my omission as an argument against the use of 
strengthening rings.” The rule can scarcely be held re- 
sponsible for the imbecility of the poor man. The proper 
deduction would be that, for a pressure of, say, 60 1b. per 
square inch, given by the rule as the collapsing pressure, 
the flue would be fitted for a working pressure not exceed- 
ing 15 lb. per square inch, taking a factor of 4, or 10 lb. 
for a factor of 6. The imbecile person above referred to 
might as well have assumed that my rule authorised the 
employment of the collapsing pressure as the vateg 

ressure, since I omitted to state that it must be divid 
y the factor of safety to give the working pressure. The 
omission in question was used as a ‘‘ weapon’’ we are told ; 
in fact, ‘‘I put it into the hands of those who will use it in 
defence of a prejudice.’”” How can an omission be turned 
into a weapon? This problem is of the same kind as the 
problem mentioned by Rabelais. In the library of Panta- 
gruel there was a volume called ‘‘ Subtle Questions,’’ in 
which was debated the remarkable problem, ‘‘ How a 
chimera poppering about in a vacuum, can make a dinner 
more = oxy pl mathe solution was y bag 
the matter of stre: ening rings or ges, I 

already affirmed their unquestioned value; in short, all 
sensible people are agreed about it, and therefore the 
2nd, 3rd, and 6th paragraphs of Mr. Wilson’s letter are 
$ “aloniated doubt, the breaking strength 

, no doubt, the ing st of a longi- 
tudinal strip of the flue by treating it as a beam, and I find 
that Mr. Wilson it in the same sense in his 
ee . — ilers,’’ ieee 36. He has ¢ 

is mind, and, as he now regards the strip as a suspension 
tie, I will caleulate the resistance of the strip as such, 
since he has omitted todoso. Take a radial deflection of, 
say, 1 in. at the middle of the tube, 27 ft. or 324 in. long. 
The strip takes the form of a segment of a cylinder, of 


which the diameter is equal 0 (F)'= 26,244 in. or 
2187 ft. The breaki ure is : 
an breaking is 


£0,480 * $x 20_.1 98 1b. per square inch, 








d 


26, 
showing that the assistance derived from the fixed ends is | currents 


equivalent to the resistance of a pressure of 1} Ib. per 
square inch. Not much to the good. 

Mr. Wilson, 'in his effusive manner, pronounces my data to 
pe a an A ge oo a MM 
amoun hing, being without proof. pressures 
which I gave were vouched for by Mr. Lavington E. 





meg 

taking averages in connexion with 

ful investigations of Mr. Fletcher, 

atone contingencies. If we stickle 
on. 

My formula is corroborated by the experienced opinions 
of Mr. Fletcher, expressed in his reports on various occa- 
sions, on the safe working limits of pressure for plain un- 
fortified flue tubes. I subjoin particulars of four instances 


of collapsed flues investi by Mr. Fletcher. 
Colla; 
Pressure by 
f : Formula 
in. ft. in. in. lb 
8 long 9diameter 4 thick 117 


together with the safe working pressures ass 


‘or the tubes respectively by Mr. Fletcher : 
Safe Pressure, Safe sure, 

calculated. calculated. Safe Pressure. 
(Factor 4.) (Factor6.) (Mr. Fletcher.) 

lb. lb. Ib. 

4 29 19.5 34 

2. 82 21 38 

3. 30 20 40 

4, - 81.5 21 25 


Averages 30.6 20.4 34.25 
Here we see that all the calculated pressures, except in 
one single instance, are less than the pressures assigned by 
aE ee Therefore, the formula is safe enough. 
Iam yours faithfully, 
D. K. CLARE. 


8, Buckingham-street, Adelphi, London, 
May 18, 1878. 





To THE EpITor oF ENGINEERING. 

S1r,—Theoretically there should be no difference in the 
formule for tubes su oy to external or internal pressure, 
the only difference in the two cases being that in one, the 

ressure} — taken as positive, in the other it should 
em ; butin practice, as is well known, all is altered, 
and this is, I think, where the difference lies. 

With internal pressure, if there is the slightest deviation 
from the cylindrical form, the tendency is to restore it to 
that shape, but when the pressure is on the outside of the 
tube the reverse takes place ; if there is any distortion the 
effect of the pressure is to increase it; thus a tube is able 
to withstand a much greater internal than external pres- 


sure. 

From this will be evident the great value of strengthen- 
ing rings in furnace or flue tubes, and will show how use- 
less is a formula constructed without introducing the 
length ; it is quite easy to understand Mr. Wilson saying 
of Mr. Clark’s formula that the results ‘are likely to be 
productive of damage to life or limb.’’ Mr. Clark writes 
that “‘he purposely avoided involving the question with 
the factor of the length of the flue, simply because the 
length, as it is in ordinary boilers, does not sensibl 
affect the resistance to collapse.’’ I agree, that as regards 
ordinary boilers, this may be correct enough, as the length 
does not vary to any = extent ; but now when con- 
siderable changes are being continually made in the con- 
struction of boilers, Mr. Clark must not forget the great 
responsibility he takes on himself when he constructs a 
general formula which is applicable only to a few cases, 
especially on such .an important subject as the one we are 
considering. 

From the ordinary formula for the strength of a boiler 
flue tube in which the s hh varies inversely as the 
length, it will be seen that a tube of infinite le offers 
no resistance whatever to collapse. This is eviden 
wrong, for doubtless there is a limiting length of the 
tube at which the fastenings of the end cease to have any 
effect, and the resistance to collapse simply depends on its 
thickness and diameter. i 

Perhaps by introducing into the usual formula, which 

pears to be the best in use at present, another term in 
which the length does not occur, we may obtain a rule upon 
which some dependence can be placed. ing that some 
of the readers of your valuable paper will exert themselves 
to construct a new formula on these Brinciples, 

I am, Sir, yours =i, 5 








THE TELEPHONE. 
Pl peng ys od tereting article the 
1n,—In an and in cle upon 
‘* Telephone Harp”’ in your issue of May 17th, the follow- 
ing statement occurs concerning the 
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similarly , it may occur if the wires are so 
‘oined up that the current from the transmitting telephone 
Traverses the coils of the two receiving instruments in op- 
posite directions. In either case, the effect may be cor- 
rected by changing the wires on the terminals of one of 
the instruments. © Bi localisation of the sounds 
at the back of the head has pos been noticed by every 
experimenter with the telephone. It was descri' y Mr. 
Graham Bell in his first lecture at the Society of Arts in 
November, 1877, as amongst the discoveries made during 
the experiments made at Glasgow by himself and Sir 
William Thomson. 

The fact that two sounds led eveneey te ears in 
opposite phases will produce this singular isation was, 
however, discovered prior to the introduction of the tele- 

hone into this country, and formed the subject of a pre- 

iminary paper by the present writer, presented to Section 
A of the British Association meeting at Plymouth in Sep- 
tember, 1877. 

I may add that since that paper was read I have suc- 
ceeded in establishing that the effect is independent of the 
wave-length of the sounds, and dependent solely on their 
difference of phase. 

Lam, Sir, yours faithfully, 
Srivanus P. THompPson, 
Professor of Exp. Physics, 
University College, Bristol. 








STEEL BOILERS. 
To THE EpiTor oFr ENGINEERING. 

Srr,—I have this morning received a letter from the 
Bolton Iron and Steel Company, pointing out some inac- 
curacies in my remarks made during the discussion of Mr. 
Boyd’s paper, read before the Institution of Mechanical 
Engineers, with reference to the treatment of the steel 
plates supplied bythem. As, however, I am under engage- 
ment to go to Paris to-night to examine and experiment 
upon some machinery there, so as to be able to give 
evidence at the commencement of next week in a court of 
law here in London, I regret that I am unable to spare 
the time to-day to go into this matter, but will with your 
permission put right any misstatement I may have made 
as soon as I return. 

Iam, Sir, your obedient servant, 
Lewis OLRICK. 


ZINC IN BOILERS. 
To THE EDITOR OF ENGINEERING. 

Sr1r,—Can any of your numerous correspondents give 
me any definite information as to the efficacy of pieces of 
zine suspended in marine boilers of compound engines in 
preventing or diminishing the sometimes so rapid corrosion ? 
also, whether it has been clearly demonstrated that this 
corrosion results from the action of the brass and copper in 
the passages traversed by the feed-water on its way to the 
boiler? and whether there are other means than the usual 
coat of scale to protect the interior against the ravages of 
pitting, &c. ? Dé 


68, Kloveniersburgwal, Amsterdam. 














LONG SPAN RAILWAY BRIDGES, 

Ar the meeting of the Institution of Civil Engineers, 
held on Tuesday, the 2ist of May, Mr. W.H. Barlow, 
F.R.S., Vice-President, in the chair, the paper read was on 
“The Design generally of Iron Bri of hay | large 
Spans for Railway Traffic,’ by Mr. T. C. Clarke, M. Inst. 
C.E., of Philadelphia. 

Since the year 1863, when a paper on the subject was 
presented by the late Mr. Zerah Colburn, no communica- 
tion had been submitted to the Institution relative to the 
construction of iron railway bridges of long spans, as 
practised in America. At that time the longest iron span 
in America was the central tube of the Victoria Bridge at 
Montreal, 330 ft. in the clear. Since then, several bridges 
had been built with wider openings; and one had lately 
been completed over the Ohio River at Cincinnati, with a 
clear span of 515 ft. This was the longest railway girder 
yet constructed, the next longest, the Knilenburg Bridge, 
in Holland, being 492 ft. The arches of ‘Saint Louis 
Bridge were also 515 ft. span. Almostall American bridges 
of spans exceeding 100 ft. were pim-connected, i of 
being united by rivetting. That plan was preferred on 
account of the mathematical certainty with which the 
strains could be calculated, and the deflection or camber 
ascertained—of the economy, ease, and celerity of erection, 
which for rivers subject to sudden floods was a matter of 
vital importance—and because it was believed that the 
parts of a bridge could be more strongly united than by 
rivetting, and that a considerable reduction was possible in 
the dead weight of iron. 

Two of the latest and best examples of American long 
span iron bridge constructions were chosen for illustration. 
One was the trussed girder bridge across the Ohio River 
at Cincinnati for the Southern Railway—515 ft. between 
the bearings, and erected on ag stagings of timber 
—designed and executed by Mr. J. H. Linville. The other 
was the bridge of three spans of 375 ft. each, carrying the 
same railway across the Kentucky River, the e eer, in 
this case, being Mr. C. Shaler Smith. Both bri were 
noteworthy for their economical design, and for their com- 
paratively small amount of dead weight. 

The Ohio Bridge consisted entirely of rolled iron, wg con- 
nected. The girders were q: , each 51} ft. deep, 
the panels being 25} ft. long, and the gi 20 ft. apart 
from centre to centre. The weight of iron in the span of 
515 ft. was 1176 tons. With a total load of 431 tons, the 
centre deflection of the east truss was in., with a per- 
manent set of 4; in., that of the west truss being 2 in., with 
no permanent set. 

Advantage was taken by the engineer of the Kentucky 


River Bridge, of two towers and sets of anchorage, f 
constru: for a suspension bri 
which had not been completed. first panel of this 
bridge on each side was bolted to the towers, was then 
rg ey aden panel by, A gp = ber were calculated 
8 enong’ carry . of projecting spans. 
Ab ts poles. hk tase hin en “Ay og 5 
towers of wood. The corbelling ont process was contin’ 
until the above spans each reached the main iron piers, 
which were built up simultaneously, so that the two met in 
mid air. Each half of the centre span was then corbelled 
out as before, until they met in the centre. At this s 
of the work, the upper chords being in tension and 
lower in compression, the former were nearer to each other 
than the latter by a fewinches. The method of closi 
the gaps under the changes resulting from alterations of 
temperature was then described. p to this time the 
bridge was a . pater 1125 ft. long, continuous over three 
8 . But whilethe abutments on the cliffs were stationary, 
the iron piers rose and fell under changes of temperature, 
and so varied the strains on the web system. The shore spans 
were therefore hinged at points 75 ft. from the piers, leaving 
a centre girder 525 ft. long, cepnerted Sy sees 375 ft. apart. 
Both of the web systems of diagonal were consoli 
into one member at the point of contrary-flexure, and 
were separated again after the hinge was passed. When 
the bridge was tested it was found that the movement of 
the lower chord tenons under the passing load was 1} in. 
Every effort was made to secure the uniformity of the 
modulus of elasticity of every part of the ironwork. 
Nevertheless, the variation in length, between the east and 
west chords, was lin. in 1125ft. When the end spans 
were loaded with 277 tons, and the centre span unloaded, 
the central deflection was 1.52in., and the upward move- 
ment of the central span was 2.83in. With the centre 
span loaded with 331 tons, and the end spans unloaded, 
the central deflection was 3.5in., and the upward move- 
ment of the cantilever was 1.58in. With all the spans 
loaded, 814 tons in 904ft., the centre deflection of the 
centre span was 1.62 in. The Kentucky River Brid 
occupied four months and four days in erection, the 
average number of workmen employed being fifty-three. 
The average cost of erection was about 21. 10s. ton 
The weight of iron in the bridge was 3,654,271 ib. The 
depth of the truss was 37} ft., and its width was 18 ft. 
The iron pier at the base was 28 ft. by 71}ft.; at the top 
it was 1 ft. by 18ft.; and it was iit ft. high. This was 
one of the boldest and most original pieces of bridge en- 
gineering in America. Both it and the Ohio River Bridge 
were conspicuous for economy of — Economy of 
design was obtained by proportioning the parts of a 
bridge with a similar factor of safety, and then combini 
those parts into a whole; » Secondly, by using suc 
— of height of girder, ih of panel, and com- 
ination of parts; also, such width apart between the 
girders, and such methods of bracing the two into a 
structure able to resist wind pressure or shocks, as would 
accomplish the first réquisite with the least quantity of 
metal, The problem could only be solved by a tentative 
process. To show how this had been accomplished, the 
author gave a table of the weight of iron and other 
ae data of some of the most conspicuous long span 
ilway bridges constructed in Europe and America, and 
contrasted several of the examples cited. Finally, the 
author stated that the workmanship of ae see eg ar 
in the United States was gene first class; and that 
the price of American bridgework had fallen year by 
year from 401. 6s. per ton in 1870 to 201. 16s. per ton in 





NOTES FROM THE SOUTH-WEST. 

Coal Discovery in Dean Forest.— Messrs. Osman, 
Barrett, and Blanche have been successful in cutting the 
Coleford high delf seam of coal at Howbeach, near Mossley. 
The seam averages from 4 ft. 10 in. to 5 ft. in thickness. 


Severn and Wye Railway.—The half-yearly report of 
the directors states that while there has been no alleviation 
of the depressed state of trade {during the f half-year, 
as the diminished receipts from traffic plainly indicate, con- 
tinued exertion has been made to uce the expenses of 
the company, and the directors are théreby enabled to 
recommend (as on the last occasion) that a dividend at the 
rate of 44,per cent.’ per annum be declared upon the 

ranteed new shares. The engineer’s report states that 
fe Severn Bridge}Railway, at the —— rate of progress, 
will probably be completed within twelve months. 


The Tin-Plate Trade.—The representatives of more than 
180 mills in the tin-plate trade out] of 218 decided on Thurs- 
day to reduce the make fof tin-plates 20 per cent. for the 
next six months, and entered into a final bond of 5001. in 
case of an infringement of this decision before the ex- 
piration of that time. The minimum price of ordinary 
common coke plates, delivered at Liverpool, was also fixed 
at 16s. 6d. per box. 


The Avonside Engine Works.—During the last few days 
negotiations have been pending between the locked-out 
workmen and the directors of the Avonside ine 
as to the terms. upon which the men should return to 
work. Messrs. J. Burnett and R. Knight, general 
secretaries of the Engineers and Boiler rs’ Societies, 
have been in Bristol —_—. last few days in order to 

romote a settlement of the dispute. On Tuesday they 
had an interview with Mr. J. L. Stothert, the chairman 
of the company. After a lengthened di ion, it was 
decided that if Mr. Stothert would undertake to advise 
the directors of enue settle upon certain terms 
of reduction, Messrs. J. Burnett and R. Knight would on 
their part advise their respective executive councils to 
the same. On Wednesday another interview took place, 





and all parties to the dispute having been consulted, a 
0! 
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ted | Scheme, that th 
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heavy losses sustained by 
zone, on Be Oe ne Se 

the workmen upon a revival of x 
to find that the dispute has been settled, as the comeeny 
has a large order for engines on hand. If the dispute 
not been terminated, it would have been necessary to send 
the order for the boilers of these engines to Leeds. 


Cardiff.—The returns of the past week show an increase 
with respect to coal of 11,153 tons over the previous week. 
Some large steamers have left the port during the week. 
One of them was the Queen Margaret, with £000 tons of 
coal for Bombay, which left on Tuesday, without sustain- 
ing any , through the Cefn-y-Wrach, although 
drawing 26 ft. 6in. of water. The iron returns are not so 
good as they might be; but they, nevertheless, show a 
slight improvement. 


L Island Tele; h.—At the monthly meeting of 
the Cardiff Chamber of Commerce, on , it was 
mentioned in reference to the Lundy Island Telegraph 
e shares were not being en w 
so speedily as was desired. A company has been 
with a nominal capital of 10,0002., only 60001. of which it 
was proposed to call up at present. ‘About 45001. of that 
sum has been signed for, and means were s in 
which members might assist in gettimg the remainder 
taken up. 

Telegraphic Communication with the Eddystone.—- 
Mr. Sampson Lloyd, the member for Plymouth, has taken 
2 question of telegraphic communication between the 

dystone Lighthouse and the shore ; and, although opposed 
by the of Trade and the Trinity Board, it is to be 
hoped that the matter will yet receive favourable considera- 
tion. Such a source of communication, more ly 
at times when fog would prevent distant si ing, might 
in war time be the means of transmitting valuable infor- 
mation, which would otherwise be some hours in reaching 
the authorities. A submarine wire from the lighthouse 
Rame Head, and thence to the Port-Admiral’s Office at 
rmidable affair, and the men em- 
ployed in the lighthouse could be easily instructed in trans- 
mitting and reading messages. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday’s pig iron 
warrant market opened very backward, and at a further 
decline of 1}d. per ton; subsequently, however, there 
was a recovery of 1d. Business was done in the forenoon 
at 49s. 14d. to 49s. 2)d. cash, and at 49s. 4}d. to 49s. 5d. 
one month, the market closing with sellers at the higher 
fg and buyers $d. under. In the afternoon from 
. 2d. to 49s. 24d. cash was paid, and at the close there 

were sellers 49s. 3d. cash, and buyers offeri 
49s. 2d. On Friday morning the warrant market tonal 
considerably stronger, and at an advance of 14d., of which, 
however, 1d. was subsequently lost, and the week’s business 
closed with the price 4d. under the closing price on the 
previous Friday. Iron saoged hands during the forenoon 
at 49s. 4d. cash, and at 49s. 7d. one month, anijat the close 
there were sellers at those prices and buyers near. Prices 
receded in the afternoon from 49s. 4d. to 49s. 3d. cash, 
and from 49s. 6d. to 49s. 5d. one month, the market closing 
rather buyers at 49s. 3d. cash and 49s. 5d. one month. 
Business in warrants was quiet on Monday, and there was 

ractically no change in prices. Almost the only quotation 

uring the forenoon was 49s. 3d. cash, at which there were 
sellers at the close. During the afternoon, 49s. 3d. cash 
and eight days, and 49s. 5d. one month, were paid, and at 
the close there were sellers at 49s. 3d., buyers near. There 
was a quiet market yesterday, and a depressing effect was 
produced by the report that the shipments of the past 
week were very unfavourable. Prices receded 1}d. per 
ton, and again came down to the lowest point yet touched. 
Business opened in the morning at 49s. 2d., or 1d. down, 
and went further back to 493.144. cash, and 49s. 4d. one 
month, the market closing rather sellers at those prices. 
During the afternoon 49s. 4d. one month was pais, and 
the market closed with sellers at 49s. 2d. cash and 49s. 44d. 
one month, buyers offering 1d. ton lower. A 
business was done in warrants this forenoon at 49s. 3d. to 
49s. 1d. cash, and the market closed with sellers at 49s. 1d. 

rompt cash, buyers offering 49s. The ma 
the m with se! again asking 49s. 1d. cash, 
buyers 1d. per ton lower. The warrant market has been 
considerably depressed during the past weck, and prices 
have decidedly receded. Trade is in such a languish- 
ing condition that there is little inducement to buy iron, 
though from the prices now reached a very little improve- 
ment would make i 
prices has not yet been reached. Owing to the agitation 
amongst the miners in some districts icta for an advance of 
wages, some of the blast furnaces have of late been work- 
ing i ly, and within the week no fewer than 
six of them have been tem damped down, namely, 
five at Coltness and one a Quarter Iron Works—thus re- 
ducing the number actually in operation to 89 as com- 
pared with 114 at the same time last year. A further 
quantity of pig iron was sent into the public w; 
stores last woek, and the total stock in ‘ 
and Co., up till last Friday » was 174,927 tons, the 
increase over the week bei tons. Last week’s 6 
ments of pig iron from all h ports amounted to 
tons as 11,547 tons in the corresponding week of last 


do —. The decrease for the current year has now risen to 
298 tons 





ha 
settlement was effected on the following basis: Men in 


Edinburgh and Leith Engineers’ Society.—At  mecti 
of the Ediaburgh and iE oortineces’ Wockety belt lack 
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Fig. 1. 


WILLANS’ THREE-CYLINDER ENGINE. 
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Arta time when the public interest is directed to the 
perfecting of the steanr launch patrol system as virtually 
the only real defence for an ironclad squadron against 
torpedo attack, we think it will interest our readers if we 
lay before them a few particulars of some launches re- 
cently fitted with the “ Willans’” patent engine, an en- 
gine which has several points which make it particularly 
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suitable for this class of boat. Engravings of one of these 
boats showing the arrangement of engines and boiler are 
given on the opposite page. 

About four years ago Mr. Willans patented the three- 
cylinder engine bearing his name, and we have more than 
once noticed it in these colamns. It has, however, been 


so much modified and improved since we last described 











it, that we now give illustrations 
both of the simple ine and of 
another arranged to work] high-pres- 
sure or compound at will, Figs. 1 
and 2 showing the former, and Figs. 8 
to 6 the latter type. We may add 
that the class of launches shown by 
our engravings on the o ite page 
are fitted with engines of the non- 
compound type. 

Some time ago two sets of machi- 
nery were ordered by the Admiralty, 
to be fitted in launches of different 
designs, with the view of testing the 
merits both of the “ Willans” engine, 
as compared with the ordinary ones, 
and also the com tive efficiency of 
two classes of este: Both sets of 
machinery were constructed from 
Mr. Willans’ designs by Messrs. 
Hunter and English, of Bow, who 
have made the Willans engine for 
marine work since it wasfirst intro- 
ducad, 

The first set was fitted in a launch 
built by Messrs. Edward and Symes, 
on the lines of Mr. T. Carvalho, and 
the second in one of the ordinary 
service launches built at Sheerness 
Yard. It is not our purpose to com- 
pare the performance of the two boats 
now, so we will merely say that there 
was little difference, if any, in their 
speed with the same power. 

The usual speed of these boats is 
eight knots, and the guaranteed 
power 36 horse power; as will be 
seen from the particulars we give on 
the next page, the engines develo 
on trial about 30 per cent. more ti 
the contract power, and the speed, 
8.56 knots, is the highest ever reached 
with this class of boat. The weights 
allowed were the same as usual. The 
Table on the next page gives the 
official results of the trials with the 
remarks on them, 

The principal alterations which 
have been made in the engines since 
we last described them are as follows: 
The valve pistons, instead of forming 
a part of the main piston, work in 
smaller cylinders of theirown. They 
are actuated directly by the main pistons, however, and the 
valve motion is just as quick as formerly. There have 
been several reasons for this change. Thus it was found 
to be difficult when high-pressure steam was used to 
retain any lubrication in the crank chamber, owing 
partly to the dryness of the steam, and partly to the rush 
through when theengine was working fast. The exhaust 
steam now passes away under the valve pistons end ; the 
crank chamber is used merely as a reservoir for lubrica- 
tion. The door on the side can be removed at any time, 
and the bearings and working parts inspected even while 
the engine is running. The engine is, therefore, not 
“ boxed in” in any unfavourable sense, but merely so as 
to allow of thorough lubrication at high speeds. 

With the valve pistons above, the steam passages are 
shortened, and the working parts are also simplified in 
construction, the main pistons being now merely trunks 
without any passages at all in them. Another advan- ° 
tage gained by placing the valves above is that the 
pressure on the valve pistons being constant, it keeps 
the working parts together and allows of a very high 
speed, without any extravagant amount of compression 
in the cylinders themselves. 

The engine is, of course, in equilibrium so far as these 
valves are concerned, the constant pressure on each 
valve being balanced by that on the other, the result 
being a steady strain downwards. The steadiness and 
high speed at which these engines will run seem to 
render them peculiarly well adapted for torpedo boat 
work, pooner a when their noiselessness and extreme 
handiness are taken into consideration. 

Messrs. Hunter and English have just fitted engines 
from Mr. Willans’ designs in a twin-screw torpedo boat 
for the P ese Government. She is 65ft. long by 
11 ft. beam, the draught of water being 4 ft. She is not 
intended for a fast boat, 12 knots only being guaranteed. 
Being intended for the harbour of Lisbon, seaworthiness 
was the first consideration, and she has also to carry con- 
siderable weights in connexion with gear with which 
she is fitted for discharging the Whitehead torpedo. In 
this boat the starting gear is led to the steering wheel, 
and one man will practically have the whole boat in his 
hands, thus saving all time usually lost in communicating 
with the engineer. 

We have already said that Mr. Willans is now making 
some of his engines so that they can be worked compound 
or non-compound at pleasure, and . 8 to 6 annexed 
show the arrangement adopted. w g com- 
pound, one cylinder of course acts as the high-pressure 
and the other two conjointly as low-pressure cylinders. 
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™ : ; These engines have also been applied in connexion 
January mist Report of Trial of Her Majesty's 42-ft. Steam = & with a differential ear for lifting the links of the main 
: - engines on board the Japanese ironclad Foo-so. They 
With Griffiths’ Propeller. With Thornycroft's Propeller. are also welladapted for driving the centrifugal pumps, 
— Full Power. Full Power. fer cheeniaitnn Gs in the odad 
ting the water in the condensers of marine 
ee : ~ | engines, and a number have been used for this purpose by 
Whentried January 26, 1877 January 27, 1877 one of the principal marine engineering firms. 
Where tried ae 20 Measured } mile Saltpan Reach The cleanliness of the engines and the fact that they 
GS East put lato tho wate... a ef. Sie. are protected from the weather, and from ropes and other 
Draught of water { Aft wo 3ft in. 3 ft. Oin. gear, would point to their large adoption for launch work 
State of masts and yards None. generally, and this seems to be already recognised by 
Force .., 2 3 the Admiralty, as they have after a year’s experience of 
Wind } Direction N.W. 8. ; : 
Btate of the sea = a es PR mk! Smooth the first engines supplied, ordered ten more launches to 
Armament .., , as os es None. be fitted with them. Messrs. Hunter and English are 
tity of coal on board, including trial coal ... 5 ewt. 5 owt. constructing the machinery, and the boats are being built 
Beseription of col used “ os ms | conde ml by Messrs. Forrestt, at Limehouse. One set of machinery 
Maker ofengines |. pi. F “ey and English of 40 horse power has also been ordered for use in the 
Description of engines. > f Inverted cylinders, single Sheerness Dockyard. 

‘ar acting, Willan’s patent So far as we are aware no launches fitted with Mr. 
po ape od we Z ~ Willans’ engines have yet been tried to ascertain accurately 
Length of stroke ‘wl 6in. the fuel consumed per indicated horse power, but the 

Spring, graduated to te fact that a 40 ft.'launch with 9 ft. beam, and a draught of 
Load on safety valve .., ve ” { oA Sebieeomenate 7s >. _ 6 in., has i driven at a speed of 7 7 by one of 
Pressure of steam in bellers = watt eve wee 79.16 Ib. 80 Ib — pe vnany Mae ie ee hed 36 Ib. of po! oy 
, orward or starboard ... ur, shows tha ey will certainly compare well for 
Veruum tn eon vo { Ater orport ... ose j = aes economy with launch engines of ordinary types. The in- 
Highest mean per minute on 8. 406.66 P. 426.31 S. 532.18 P. 537.86 dicated ired to dri he boat at the 74 k: 
Number of revolutions Mena per minute oi 8. 393.813 P. 406.588 S. 519.008 P. 527.461 icated power required to drive the boat at the 7} knot 
Mean per } mile 8. 1435,833 P, 1483.000 8S. 1933,5 P. 1965.833 speed was not ascertained, but a speed of 83 knots was 
Mean pressure incylinders _.., Ae 56.3 49.25 obtained with the same boat with power of 40 horse in- 
Nominal horse power ... 6 dicated 
Seectst eat am ue tit ate : 
Area of midship section immersed 17.85 sq. ft ' NOTES FROM SOUTH YORKSHIRE. 
Displacement .., eco ose 13.35 tons. SHEFFIELD, Wednesday. 
Speed*xmidship section 952.3 240.4 The Depression of Trade.—Never within the history of 
Indicated horse power ‘ the iron trade of South Yorkshire and East Derbyshire has 
Speed*x Displacement¥ 79.55 75.8 the price of pig iron been at the quotations of to-day. The 
Indicated horse . Grimiths’ Thornycroft’s lowest prices reached in later years were in 1864, but even 
— bs Two Two less rates are being accepted now, yet no business of mag- 
Number of blades in each Two Two nitude can be done. Owing to the uneasy feeling whic 
Diameter we aa 2 ft. 9 in. 2 ft. Gin. pervades commercial circles, speculation is at a standstill, 
Propeller Pitch ~. tei ne 2 ft : in. 1 au in, and as stocks are continually increasing the prospects of 
Tipe ore Rew oft Shin 4 i 3 — cra during the summer months are exceedingly 
Wetherbormcer.. 29.96 In, 0.17 in. Composite Armour Plates.—Considerable interest is being 
Time under way we ns * 2 hours 10 minutes 2 hours 17 minutes taken in the result of the experiments which are being 
Time at full speed without stopping eve lhour 5 minutes 39 minutes made by the Admiralty on armour plates made of an ad- 
Condition of distilling apparatus ae ie se } None mixture of wrought iron and steel. Up to the present time 
r and conditicn of engine room te ph”... a ' at teen tT g' ie ia an th best ‘ati 
Engines stopped from time of giving order eee - e toughest iron een conside e resistu 
Engines being stopped, started astern ditto oh } Instantaneous pM but makers think steel may be en wit 
Engines going astern, started ahead, ditto advantage in this manufacture. Messrs. Charles Cammell 
and Co. (Limited), of Sheffield, have entered with spirit 








REMARKS. 
Engines and Boiler new. 
The engines worked in a satisfactory manner, the boiler generated an abundant supply of steam, and the machinery is in all respects 


fit for the service. 
Number of furnaces 


” 


Tracings of the screw propeller are forwarded herewith. 
J. CLARK SOADY, Captain of Steam Reserve. 
Tnos. T. Murray, Chief Inspector of Machinery afloat. 


1 
2 ft, 7in. 
1ft. 10$ in. 


A. B. SturnpgsB, Chief Constructer of the Dockyard. 
W. Orb, for Chief Engineer of the Dockyard (hurt). 
Forwarded, J. BRANDRETH, Captain Superintendent. 





Referring to Figs. 3 and 4, it will be seen that in the 
chamber above the valve cylinders there is fitted a 
long cupped slide valve moveable by a rod and hand 
lever, one end of this valve being furnished with a pro- 
jection which, when the valve is put into the position 
shown in Fig. 5, comes into contact with and opens an 
ordin mitre valve fitted to a hole in the. partition 
which divides the chamber into two When the 
valves are in the position shown in Fig. 38, the steam 
is admitted from the boiler to the left-hand com- 
partment of the chamber only, and it can thus gain 
access to but one of the valve cylinders, namely, that on 
the left. When the engine is in the gear shown, the 
left-hand valve controls the admission of steam to, and 
its release from, the middle cylinder, and in Fig. 3 this 
cylinder is represented just taking steam, the piston 
being at the top of its stroke. On its discharge from 
the middle cylinder the steam first passes into the space 
surrounding the left-hand valve cylinder (which space 
acts as a receiver) and then up through the port on the 
left, shown in Fig. 3 to be uncovered by the slide valve 
already mentioned. In this way the steam reaches the 
tep chamber, and from this chamber it\is admitted to the 
two other valve cylinders, and distributed by their valves 
as if it were live steam from the boiler. Finally, a‘ter 
acting on the two low-pressure cylinders it is discharged 
into the space between the centre and right-hand valve 
cylinders, with which space the exhaust pipe com- 
municates. 

When working as a simple engine the slide valve is 
pushed over into the position shown by Fig. 5, in which 
position it covers both the ports in the bottom of the 
chamber in which it works, and the e between 
the left-hand and centre valve cylinders in free com- 
munication with that between the centre and right-hand 
valve cylinders, and henve also with the exhaust pipe. 
At the same time the movement of the slide valve into the 
position shown in Fig. 5 opens the mitre valve already 
referred to, and its live steam into both compart- 
ments of the top chamber, and thus each valve cylinder 
takes its supply of steam direct from the boiler. It will 
be seen from an examination of the arrangement we have 
been descri that when compounded the engine can 





be run in one tion only, but when working non-com- 


pound it can of course be reversed by the cone valve at 
the side just like Mr. Willans’ ordinary engines. 

A point in connexion with {the working of Mr. Willan’s 
engines well worth notice is the small amount of their 
frictional resistances. Thus at some trials carried out a 
few months ago a Willans engine was tested against a 
pair of ordinary non-condensing engines, the latter 
engines having an effective piston area equal to the 
effective area of the three cylinders of the Willans engine, 
due account being taken of the former engine being 
double and the latter single-acting. The stroke and 
piston speed were the same in both cases. The 
competing engines were alternately coupled direct 
to a friction brake of the type used by the Royal Agri- 
cultural Society, and indicator diagrams were taken 
from each engine when at work. The results were 
that with a 19-horse load on the brake the ordinary 
engine had to indicate 22.85 horse power to do the work, 
while the Willans engine had to indicate but 21.2 horse 
power, the frictional resistances in the former case 
amounting to 3.85 and in the latter to but 2.2 horse 
power. With a 12-horse load on the brake the indicated 
powers of the two engines were respectively 15.8 and 
13.8 horse power, the frictional resistances of the Willans 
engine with this load being but 1.8 horse power, while 
those of the ordinary engine absorbed 3.8 horse power. 
It must be remembered that the frictional resistances 
here given include that of the brake spindle in addition 
to those of the engines proper, and it will be seen that 
those of the ordinary engine were very moderate for its 
type. There can be no doubt that the small frictional re- 
sistances of the Willans’engines have had much to do with 
the successful results given by them in steam launches. 

Amongst other applications the Willans engine is now 
pa Sage asa tramway locomotive 
and Oo., of Leeds, Mr. Greig, of that , having devised 
avery neat arrangement for, as it were, hinging the 
engine to the driving axle, so that it can follow all move- 
ments of that axle, and can also at any time be readily 
removed for repairs or for inspection. The manner in 
which ‘the moving parts of the Willans engine are en- 
closed, and thus protected frem dirt, will be very ad- 
vantageous when used for tramway locomotives, and we 


y dag oe J. Fowler | steel 


into the competition, and though early trials of their com- 
posite plates were somewhat disheartening, they gained 
experience, and have now supplied armour plates to the Ad- 
miralty made on more approved principles. The question 
of the flux of steel with iron has been in a great measure 
solved, but there is no doubt that there is yet considerable 
room for improvement. There is no doubt that steel for 
armour plate purposes will be used ere long with ~<a 
and as these is a strong competition amongst makers, the 
best adaptations will be discovered. The ironworkers look 
on the new process with displeasure. They are decidedly 
against the use of these composite plates, and were e 
better there is no doubt they would resist the manufacture 
of them, or make their terms so high for working on them 
as practically to drive them from the market on the ground 
of cost. The ironworkers’ combination in Sheffield for trade 
purposes is now, however, very weak, and though recent 
efforts have been made to resuscitate it they have failed. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday the market was 
badly attended, and scarcely any business was transacted. 
Prices were quoted the same as last week. Stocks of 
makers are still large, and Messrs. Connal and Co. have in 
their warrant stores about 63,500 tons of Cleveland iron. 

The Finished Iron Trade.—There is no change in this 
branch of industry. Prices are miserably low, and orders 
are ex ingly scarce. Until the war cloud passes away 
no improvement in trade is anticipated. The works that 
are in operation are not making a profit. 

More Steel. Making.—We learn with satisfaction that 
Messrs. Boleckow, Vaughan, and Co., who have mn 80 
successful with their steel making at their Eston,Works, 
are laying down a magnificent steel-making plant at their 
Middlesbrough works. : 

Messrs. Hopkins, Gilkes, and Co., Limited. — The 
directors of this company have issued their annual —— 
from which it appears that wee | the year ending March 
31, they have made a loss of 94141. 17s. 3d. The larger 
portion of this they state has been incurred by the depre- 
ciation in re 0! or. = raw —- held at me 

inning of the year, paymen: eS balance o 
some in the Dunaburg action over and above the 
taxed costs oy by the company. ing to absence of 
the demand for iron rails consequent upon the adoption of 

, the directors are adapting one of the large mills to 
the manufacture of description of high 
class iron produced furnace is steadily in- 





ag Every 
A Fhe company are progressing it ie Nerina 
bridge for India an Se Sunderland. The 
Sannadtmcomuri ed question of lessening 
shares to meet 
amount of 





hope hereafter to say more about this application of it. 


holders. 
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PARLIAMENTARY DEPOSITS. 

Tue subject of Parliamentary deposits is one to 
which we drew attention some months ago (vide 
page 269 of our last volume), and we then explained 
very fully the history of the deposit, how it came to 
be applied to its present purpose, and how the altered 
circumstances of these days affected its bearing 
upon the applications for independent railways at 
the present time, and having put the matter as 
we supposed in its true light, as affecting those 
more nearly interested, and the public, we had 
hoped to hear no more about it, or at all events 
we should have thought if any agitation did arise, 
that at least the initiative would not have emanated 
from the other side. 

It was, therefore, with considerable surprise that 
we lately read a notice in the London Gazette to the 
effect that ‘‘ for the future the Lords Commissioners 
of Her Majesty’s Treasury will not sanction the 
return of moneys deposited in pursuance of the 
Standing Orders of either House of Parliament in 
respect of railway and tramway Bills, except in 
— cases in which the Board of Trade certify 
that there are in their opinion exceptional reasons 
justifying the return of such deposits.” Any un- 
initiated person perusing this bald statement would 
naturally ask, what moneys are the Lords Com- 
missioners of Her Majesty's Treasury entitled to 
claim of a railway or tramway yer or under the 
Standing Orders of Parliament? y have they 
sanctioned the return of those moneys up to the 
present time, and what has happened now to induce 
them to- discontinue the practice in future? while 

better acquainted with the matter are pro- 

bly in considerable difficulty as to the latter 
question. Our object in re to the subject 
now is to draw attention to the anomaly of the State 





assuming any right to claim the forfeiture at all. 
It is a peculiar fact in the current history of this 
country that whenever a public re ve takes 
a fit into its head to become particularly energetic, 
it invariably with unerring fatality hits exactly the 
wrong time and the least eligible object for effect- 
ing its purpose. 

© three latest efforts of this kind have been in 
the direction of railway Bills. Last year the Board 
of Trade got the terms of impounding the Par- 
liamentary deposit altered in the supposed interest 
of the landowner, who was then in no way dif- 
ferently treated to what he had been ever since 
railways were invented, and certainly had not made 
any particular complaint of his hardships as far as 


ts, | outsiders know. This year the Post-Office is seeking 


to an advantage over railway companies 
in tha thts of future way leave for ‘elven vires 
without payment of toll; and here is the Treasury 
intimating their intention of doing something which, 
for reasons best known to themselves, they and 
their regents for a quarter of a century have 
thought it better to abstain from doing hitherto. 

In the absence of anything like explanation it is 
impossible to follow these manceuvres with a view 
to attaching some sensible motive to them, and the 
conclusion naturally suggests itself, that there are 
some fussy, restless persons in office whoconsider they 
must be always starting something new to show they 
are awake and trying to earn their remuneration, 
utterly regardless as to who may suffer through 
their indiscretion. 

The status quo of the Parliamentary deposit be 
in 1853, and consequently existed for twenty-five 
years ; during the whole of that time, although a vast 
number of forfeitures must have been incurred, 
the money has been paid in only three instances, 
and each of those has since been returned by 
order of Parliament to the depositors. From 1868 
to 1872 the deposit was not liable to forfeiture to 
the Crown at all, but was only subject to claims 
for injury by landowners, and then returnable by 
the Court of Chancery without further Parliamen- 
tary authority. Why this latter alteration in the 
Standing Orders was instituted, and why afterwards 
abandoned, have ever been unfathomable mysteries 
to us, but it is notwithstanding the most open ad- 
mission on the part of the Legislature that the State 
could not justly claim the money as against the pro- 
moters of anyrailway Bill that could possibly be made, 

Under these circumstances, and considering that 
the forfeiture has been disre, throughout the 
age of doubtful or speculative Bills, as they have 
been sometimes termed, it might, one would suppose, 
be reasonably enough asked what has given rise to 
the proposed alteration being 7 pages insisted 
upon at such a time as this, when the applications 
for railway and tramway Bills are at their lowest 
ebb, while, on the other hand, the demand for 
further railway facilities is daily increasing through- 
out the country, and nowhere more so than in and 
around the metropolis. Certainly one great 
problem which the Coming Man will have to solve 
is how the railway system of this country is ever to 
be made complete and the further public wants 
supplied if competition to existing companies is to 
be stifled at its birth, and applications to Parliament 
for independent lines beneed by legislative impedi- 
ments in every possible way; and another problem 
may ibly be how to make the authorities under- 
stand that the fluctuating circumstances a 
commercial enterprise cannot always be confin 
to one and the same groove. 

The attempt to enforce the Parliamentary deposit 
in favour of the State places rk ps song of a rail- 
way Bill in the light of acriminal offence, as though 
the promoter saw his way to such an immense ulti- 
mate profit that he was willing to risk an act of 
fraud to attain his object. Far differently to this 
apparently thinks Mr. Delahunty, M.P., who has 

ven notice of his intention to move the House of 
Gonmeas to express an opinion that under certain 
circumstances and conditions the Loan Commis- 
sioners should advance money to aid the formation 
of railways and tramways when it cannot be raised 
by private enterprise, and hopeless as such an idea 
may seem it is more in accordance with the spirit of 
the times than the Gazette notice quoted above. 

The case against the — innovation may be 
summarised thus: That Ere orfeiture by private indi- 
viduals of such large sums of money as are involved in 
Parliamentary deposits has hitherto been considered 
80 onerous a proceeding that the State has feared to 
enforce it, that the deposit throughout its career has 
been practically as nominal, that there is no 








excuse or parallel for treating the prométion of a 
railway Bull as an offence of conor law, that 
Parliament recognised the only true version of the 
affair when it let the ray of light into the ogee 
ings which flourished from 1868 to 1872 by con- 
fining the deposit to landowners’ claims under the 
juried iction of the Court of percerun’ and that there 
should be an open investigation of the subject in 
all its bearings before a radical change is made 
in AP rng which has been be er! Boge gprs on 
one side and relied upon on the other for many 
years, Leaving the question of the forfeiture 
to the clemency of the Board of Trade as pro- 
posed by the notice before referred to (although, 
to a certain extent, it virtually admits the justice 
of our views) is merely transferring the responsi- 
bility of confiscating the money from one public 
department to another, 





PROVINCIAL SANITATION AND 
WATER SUPPLY. 
As Parliament is now largely engaged with Bills 
cae by local authorities for improvements in 

ouse-building, drainage, sewerage, water supply, 
&c,, it may be both interesting and instructive if 
we select a fair example of what has been, and may 
be, done 'in those directions, For this purpose we 
shall avail ourselves of a report to the members of 
the local board of the manor of Aston, compiled by 
Dr. May, the medical officer of health for that dis- 
trict, lately issued, and for the year 1877. 

Aston was formerly a town, distant about two 
miles north-east of Birmingham, but is now really a 
suburb of the latter, although under the charge of a 
local board. The inhabitants are chiefly employed 
in the manufacture of hardware and toys, some 
other manufactures are also carried on, Its popu- 
lation is variously estimated at from 47,000 to 50,000 


persons, most F agar the latter amount is nearly . 


correct. At the end of 1877 there were 11,000 
houses, 910 houses having been added during that 
year. So far as these new dwellings are concerned 


certain sanitary advantages have accrued, Butthe - 


experience of the last. few years has shown that the 
existing bye-laws, relating to new mpeg: are 
deficient in many respects, in Pycnies e con- 
struction of an inferior class of dwellings; but we 
understand that the local authorities are endeavour- 
ing to remedy this evil. Per! if they took a short 
visit to some of the suburbs of London, they might 
get a few valuable hints. Certainly such matters 
could not be worse than they are in the outskirts 
of the metropolis. It appears that the Aston au- 
thorities have caused a py Teme ge of unfinished 
streets to be completed, ined, and guttered, at 
the expense of the owners. They were formerly in 
a most unsanitary condition, bat are now rapidly 
improving. 
7 reference to rr death-rate, wre ee 
own at 17.5 per 1000 against, say, 20.4 for - 
land, 24,0 for Birmi , and 22.7 for the large 
towns. But the death-rate for Aston as reckoned 
for the middle of 1877, according to the i - 
General’s method, would be 18.1 per 1000, During 
the year there were eneeptenee causes for mortality, 
in regard to a severe outbreak of scarlet fever in the 
autumn, The infantile rate of mortality was rather 
less than in previous years, although the birth-rate 
had increased. The deaths from the seven principal 
zymotic diseases were 156, being 35 more than in 
1876, the total number of deaths ‘were 815 in 1877 
from all cases. In regard to sanitary work much 
had been done in the year. Main sewers were con- 
structed along the boundary streams uniting to 
away, by a main trunk, the drainage of Handswo 
and Aston. The Board joined with Birmingham 
and the surrounding districts to form a ‘ United 
Drainage District.” By these and other arrange- 
ments the trough system will be supplied to the 
ublic schools, and water-closets to the houses, a 
uxury which Aston has not yet enjoyed, owing to 
want of a suitable outfall for the sewage. In re 
to house refuse, it appears that the local authorities 
have now the task of emptying 6000 mid which 
at the present time are a fruitful source of disease. 
Slaughter-houses and cow-sheds have had special 
attention paid to them ; offensive trades have been 
forbidden, and in two existing cases extinguished. 
In re to the water y, increased attention 
was paid during the year. e district is Mt gen: 4 
oo danger from the use of polluted w 
w too often exist in proximity to the midden. 
Constant inspection of these wells has been made, 
and in thirty cases notices had been served, which 
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resulted in improved supplies without the necessity 
of the Board | vette recourse to legal proceedings. 
It appears that there is a e miajority of the 
senly built houses which will supplied by tap 
water. It is proposed to institute a system of house- 
to-house visitation during this year so as to carry 
out astill further p of sanitary improvement. 
It thus appears that the local board of Aston, and 
the medical officer, Dr. May, have not only initiated 
but rapidly carried out sanitary improvements in 
their district which places them as an example for 
their neighbours to follow. It is satisfactory to 
know that when once a plan is adoptedin our manu- 
facturing districts, whether in regard to trade, 
politics, health, &c., it is sure to be carried to the 
end. Aston is an instance, with Leeds, Rochdale, 
and many other places, where improvements uf a 
sanitary nature have really become a business and 
leasure to the authorities rather than an annoyance. 
ould that the number of these more rapidly in- 
creased until their name became Legion. 





THE LIQUEFACTION OF GASES. 

‘Tue remarkable results on the liquefaction of gases 
recently obtained by M. Raoul Pictet, of Geneva, 
were not the outgrowth of a haphazard experiment 
carried out as soon as conceived, but were the issue 
of a long and elaborate inquiry undertaken by that 

hysicist to ascertain within what limits Boyle's law 
is practically correct. He soon found that the law 
does not hold absolutely for any gaseous body, 
some being more and others less compressible than 
the perfect or theoretic gas. To the former belong 
all vapours as well as those among the gases which 
are the more easily liquefied, such as ammonia, 
carbonic acid and sulphuretted hydrogen. The latter 
class includes the more refractory (¢.g., carbonic 
oxide, and light carburetted hydrogen) and especially 
the so-called permanent gases, oxygen, nitrogen, 
and hydrogen. It is only when the pressure does 
not exceed 80 atmospheres that these bodies do not 
sensibly deviate from the law. At higher pressures, 
oxygen is found to be the least, and hydrogen the 
most, abnormal of the group; whilst under very 
high pressures the relative position is just reversed, 
that is, oxygen departs most and hydrogen the least 
from the theoretic volumes. This apparent contra- 
diction has given rise to much speculation within 
late years. We shall see, a little further on, how 
M. Pietet explains this physical paradox. 

From a series of experiments made in 1854 by 
Professor Natterer, of Vienna, it appears that if we 
inclose a quantity of a gas within a vessel and 

‘gubject it to pressures obtained by successively 
introducing additional volumes, the pressure cannot 
be increased indefinitely, We know that if we 
double the quantity of gas confined within a limited 
space, we double the pressure; by trebling the 
quantity, we treble the pressure. If then the law 
were absolutely true, we can realise how by carrying 
on this additive process we should obtain an infinite 

ressure. There is, however, a certain limit which 
is different for each gas, and beyond which every 
increment in the quantity produces very consider- 
able changes in the pressure. Fig. 1 is the pressure- 
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curve for hydrogen, which we have constructed 
from the data afforded by Professor Natterer's 
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From A to B, where the pressure is 78 atmospheres, 
the rise is hoey gradual and the curve does not 
sensibly differ from a straight line. From B to C 
the gradient is steeper, the deviation is considerable, 
and at D (1008 atmospheres), the ordinate rapidly 
tends to become an asymptote tothe curve. Thisim- 
plies that beyond D as augmentation in the quan- 
tity of gas introduced tends to generate an infinite 
pressure, This, however, can never be reached in 
practice. In theory, it corresponds to the disappear- 
ance of the inter-molecular spaces and the absolute 
contact of the gaseous molecules. 

This deviation from the behaviour of a perfect 
gas is usually explained by assuming that the 
molecules do not attract but repel each other with 
considerable force. Cohesion is then no longer 
admitted to be one of the necessary properties of 
matter. It exists in solids; it is found in liquids 
and vapours; but it is absent from gases in which it 
is replaced by repulsion. This repulsive force is in 
direct antagonism with that which brings about 
liquefaction, Moreover, when we augment the pres- 
sure, we diminish the space between the molecules, 
The repulsive force now acts at shorter distances ; 
its intensity is proportionally increased, and there- 
fore, also, the resistance of the molecules to further 
compression. In the case of vapours, we have quite 
a different order of phenomena, By increasing the 
pressure, we augment the force of cohesion and 
thereby hasten liquefaction. 

It is in this simple way that Clausius and others 
have accounted for the anomalies observed in the 
“permanent gases” when submitted to great pres- 
sure. M. Pictet, however, does not favour this 
theory. He maintains that cohesion is a general 
pasy of matter, existing in gases as well as in 
iquids, and seeks to explain all observable pheno- 
mena by the introduction of a new factor borrowed 
from the dynamical theory of gases. We shall 
presently see what this factor is. 

Before applying the crucial test of experiment on 
a large scale, the Genevan physicist sought to realise 
cee | the successive phenomena which he supposed 
should take place in the process of liquefying the 
irreducible gases, He commenced by satisfying 
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the amplitude of vibration ‘torresponding to the 
critical temperature. Cohesion, then, is always 
present, but its power remains masked or neutralised 
until certain conditions of temperature and pressure 
have been fulfilled, when it starts into action, and 
modifies the vibratory motion of the molecules, so 
as to render it compatible with the liquid state. To 
make the whole matter still clearer, let us consider 
the case of water-vapour and sulphuric ether at a 
temperature of 30 deg.C. The length of A B for 
the vapour of water will be greater than that for 
the sulphuric ether, but after condensation the 
amplitude of the molecular vibration will be the 
same for both, Now it is possible that A C should 
fall short of A D, and that is what actually happens 
for the ‘* permanent gases.” We here see that the 
effect of increasing the pressure beyond a certain 
limit is merely to diminish A C (which, in the case 
under consideration, is less than A D), that is, to 
render the gas less fit for passing into the liquid state ; 
but by lowering the temperature, we gradually 
augment A C until it finally exceeds AD, When 
this has been reached, the gas must yield. 

It has long since been known that the two con- 
ditions necessary for liquefaction are great pressure 
and intense cold, From the very plausible theory 
of M. Pictet we now see why these two means 
are absolutely necessary, and why they must be 
simultaneously employed. We know that other 
—— including Faraday himself, applied both 

ut without success. They surrounded the gas 
which they sought to condense with refrigerating 
substances; but powerful as these were, they 
were inadequate to lower its temperature sufli- 
ciently to fulfil the condition that A C should be 
greater than AD. It occurred to none of them 
to use the sudden expansion of the gas to produce 
the required degree of cold. The credit of having 


been the first to utilise this principle belongs, 
separately to MM. Cailletet and Pictet, and to its 
introduction is to be attributed the chief novelty of 
their apparatus as well as the success of their 
experiments. 

In arecentnumber (vide page 324 ante) we described 
the apparatus of M, Cailletet. 


That of M. Pictet is 
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himself that in all liquids at the same tempera- 
ture the force of cohesion is the same ; from which 
he infers that the liquefaction of a gas or a vapour 
is possible only when the cohesive power between two 
molecules separated from each other by a distance 
A has a certain value » at its critical temperature r. 
The temperature of a . acmeeing to the kinetic 
theory, depends upon the rapidity of its molecular 
vibration; and M. Pictet holds that this varies 
directly as a simple function of the amplitude of 
the oscillation or the average ‘‘free path” of the 

rticle. It is this amplitude that constitutes 
f. Pictet’s factor, and to understand the part he 
supposes it to play in the liquefaction of gases, it 
will be necessary to refer to Fig. 2. A and B are 


Fig. 2. 
®-O-—© 


two molecules of a gas at the critical temperature + 
and pressure P; A B is the distance between the 
two molecules and may be varied by altering the 
pressure. Let the pressure be increased until B is 
brought into the position C at which the force of 
cohesion has the particular value #. The two 
molecules will now rush together, and, after forming 
a liquid of temperature +, will continue to vibrate 
with a diminished amplitude equal to A D. 

If the vapour be one which is easily condensed, 
the distance A C will be comparatively great; if, 
on the other hand, it be very volatile, the distance 
A C will be proportionately small. Still, in all 
cases, A C must be greater than A D, that is, the 
maximum distance at which cohesion acts with 








eugenpenta. The abscisse denote the volumes, 
and the ordinates the corresponding pressures, 


sufficient energy to effect liquefaction must exceed 








shown in Fig. 3 annexed. B is a strong shell for 
the potassic chlorate; G a gasometer of carbonic 
acid; K a reservoir of liquid sulphurousacid. Two 
umps P (only one of which is shown in the figure) 
oan to the sulphurous acid, and two others to the 
carbonic acid system. On leaving the reservoir K 
the sulphurous acid is led into a long cylindrical 
vessel F, which is surrounded by some non-con- 
ducting material, and within which it evaporates 
under the action of the pumps P, and returns 
back to the reservoir, thus establishing complete 
circulation. The carbonic acid is driven by the 
second pair of. pumps into the inner tube D, where 
it liquefies under its own pressure and the intense 
cold of the sulphurous acid jacket. The liquid is 
carried through a connecting pipe into a second tube 
E, where, at the return stroke of the piston, a por- 
tion of it volatilises, producing a temperature of 
—140 deg. C. The oxygen gas is produced by the 
decomposition of the potassic chlorate, and, according 
as it is evolved, es into the innermost tube C. 
The pressure gradually rises, and when the mano- 
meter ceases to indicate any further increase, then 
the oxygen yields and liquefaction begins. ‘The 
stop-cock A' may be suddenly opened if any 
further reduction of temperature be required. 
When in full work the pumps make -100 strokes 
per minute, removing 300 litres of gas in the same 
time. Analmost perfect vacuum is produced over the 
sulphurous acid, and the temperature falls to about 
—60 deg. C. The tube C containing the oxygen 
is 5 metres long, its external diameter is 14 milli- 
metres, its bore is 4 millimetres, and the thickness 
of the glass is therefore 5 millimetres. The gas was 
obtained from a mixture of 300 grammes of potassic 
chloride and 700 grammes of potassic chlorate. The _ 
highest pressure recorded by the manometer in one 
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of the experiments was 500 atmospheres, but fell to 
320 before the condensation was complete. 

It may be interesting to notice in what manner 
the heat produced by the es of the gas 
(latent heat) is got rid of. It is at first imparted 
to the sides of the glass tube C. A correspond- 
ing portion of the surrounding carbonic acid returns 
to the gaseous state, carrying this heat with it 
to the pumps, and thence to the condenser. Here 
it is taken up by the walls of the condensing 
chamber, which in turn communicate it to the refri- 
gerating liquid, sulphurous acid. A portion of this 
body is immediately vaporised, and in due time 
returns to the pumps, whence itis driven to a second 
condenser, where it finally gives up to the sur- 
rounding water the heat originally abstracted from 
the liquefying oxygen. 

The liquid oxygen within the tube is, of course, 
invisible ; but M. Pictet is endeavouring to introduce 
into his apparatus such modifications as will, if 
possible, allow the experimenter to follow closely 
the various stages of the —— On opening the 
stop-cock A! the liquid rushes out with considerable 
force, returning instantaneously to the gaseous con- 
dition; but, by the suddenness of the expansion, 
some of the gas immediately condenses and forms a 
thin jet. On careful examination, with the aid of 
the electric light, this vein was found to consist of a 
central transparent part surrounded by a zone of 
dazzling whiteness. It occurred to one of the 
physicists present to observe this zone with a Nicol’s 
prism, when it was found that in different positions 
of the prism the reflected light showed varying 
degrees of brightness. It was concluded that the 
light was at least partly polarised, and that therefore 
the oxygen was actually solidified. 

Similar results were also obtained with hydrogen. 
The jet was characterised by its opacity and steel- 
blue colour, and was accompanied by a strident 
sound and a pattering noise as though a number of 
minute hailstones had been violently projected 
against the floor. The jet was not, as with oxygen, 
continuous, but intermittent. The interruptions 
became more numerous, as the stop-cock remained 
open a longer time. By stopping the pumps and 
thus slightly increasing the temperature, the jet 
which had previously ceased to flow, shot forth im- 
mediately. This has been looked upon as an in- 
dication that the hydrogen must have been crystal- 
lised within the tube. At all events, the result 
shows that this most refractory of gases may be 
liquefied under a pressure of 650 atmospheres and a 
temperature of — 140 deg. C. 

M. Pictet has already been able to confirm several 
theoretical deductions of M. Dumas, the celebrated 
French chemist and perpetual secretary of the 
Academy of Sciences, and especially that relating 
to the density of liquid oxygen. M. Dumas wrote 
on the 26th of December to say that he had good 
grounds to think that oxygen would be found to 
have the same density as that of water, i.c., 1. 
Pictet gave his immediate attention to the subject, 
and found as the mean of five experiments, .9787 
for the density of the liquid oxygen. ‘Lhe approxi- 
mation was very close. More than forty years ago, 
the veteran chemist also expressed his belief that 
hydrogen is the vapour of avery volatile metal, and 

. now that it has been shown to be capable of existing 
in the liquid and even in the solid state, there is 
every reason to suppose that this debated question 
will also be soon set at rest. 

Doubtless other refractory gases will be dis- 
covered in the progress of chemical science. There 
is one even now, viz., the penta fluoride of phos- 
phorus, which has not yet been condensed; but the 
theory of M. Pictet, as well as his experiments and 
those of M. Cailletet, shows that the reduction of 
all such bodies is only a question of detail. 








LOCOMOTIVES AT THE PARIS 
EXHIBITION.—No. I. 

To those engineers especially interested in railway 
rolling stock, the collections of such stock which have 
been brought together dt the various greatexhibitions 
cannot, in some respects, be regarded as of a 
thoroughly satisfactory character. It is quite true 
that at each of these exhibitions numbers of locomo- 
tives and other examples of rolling stock have been 
shown, but the locomotives exhibited have in some 
cases been of exceptional types, and far from repre- 
sentative of the practice of the leading railway cum- 
panies, while in nearly every exhibition there has— 
and very naturally—been a great inequality in the 
way in which different countries have been repre- 








sented, and hence it has been difficult to fairly com 
the practice of one nation with that of another. Thus 
at our own Exhibition of 1862 twenty-one locomotives 
were exhibited, of which twelve were English, three 
French, two Austrian (both of abnormal t; , two 
German, one Belgian, and one Italian. Af this ex- 
hibition the practice of English railways was fairly 
illustrated, the Londonand N orth- Western (northern 
and southern divisions), the South-Eastern, the Great 
Eastern, and the Caledonian being all represented 
by engines of standard types; but of Continental 
— the few foreign engines present gave 
ut a very poor idea. At Paris in 1867 the 
collection of locomotives was much larger, there 
being thirty-four engines exhibited, and these 
being contributed by the various nationalities as 
follows: France, 15; Great Britain, 5; Germany, 
5 ; Belgium, 5; Austria, 3; and the United States, 
l. This collection was much more satistactory 
than that at the London Exhibition of 1862, for it was 
not only larger, but also more fairly representative 
of the different countries. The examples of French 
locomotives exhibited on this occasion were of more 
than ordinary interest, as they not only illustrated 
current practice, but also included some special and 
novel types. None of the English locomotives exhi- 
bited, however, were sent by English railway com- 
panies, but they were nevertheless of sin regular 
use, while one English company—the Great Eastern 
—was represented indirectly by a locomotive made 
for them by MM. Schneider and Co. from Mr. Sin- 
clair’s designs. The locomotives sent by other 
countries were also fairly representative, while the 
presence of the engine from the Grant Locomo- 
tive Works enabled many visitors to personally 
examine for the first time the peculiarities of 
American locomotive practice. 

At Vienna in 1873 the collection of locomotives 
was considerably larger than at any other exhibition 
either before or since, no less than forty-seven 
engines being shown. Of these Great Britain con- 
tributed, 2; France, 3; Italy, 1; Belgium, 6; 
Germany, 18 ; Austria, 15; and Russia, 2. As will 
be seen from this list the Vienna collection was 
especially strong in its representation of German 
and Austrian practice, while Belgium was also very 
wellrepresented. The contribution of this country, 
however, consisting as it did of two small tank loco- 
motives, was simply ridiculous, while that of France 
was also quite inadequate, At Philadelphia in 1876 
eighteen locomotives were shown, but of these one 
only—a tank engine from Sweden—was of foreign 
manufacture, all the others being built in the United 
States, and the exhibition as far as locomotives was 
concerned cannot really be called international, 

Apart, therefore, from the Exhibition now 
open at Paris, it will be seen from what we have 
just stated that as far as international exhibitions 
are concerned es locomotive practice has 
not been thoroughly represented since 1862 nor 


M. | even fairly since 1867, while the last-mentioned 


date is also that at which French practice was last 
properly illustrated. As regards Germany, Austria, 
and Belgium, the opportunities of examining the 
special features of their locomotives has been more 
recent, namely in 1873, while with the exception of 
the one engine shown in 1867, American locomotives 
have not made their appearance at any European 
international exhibition, although the special fea- 
tures of locomotive practice on the other side of the 
Atlantic were well shown at Philadelphia. 

Bearing in mind the facts we have just stated, 
it will be seen that as far as locomotives are con- 
cerned, the sections in which it is most desirable 
that this class of exhibits should be fully represented 
are those of England, France, and the United 
States. The section belonging to the latter country, 
however, does not, we are sorry to say, include a 
locomotive amongst its exhibits, and we regret this 
the more as the development of railways in new 
countries is every-day leading locomotive engineers 
tostudy more and more the peculiarities of American 
locomotive construction, Of the locomotives shown 
in the English Section we shall speak directly, 


while of the French collection we may say at once | P® 


that it is one admirably representative of the current 
practice of the country, and as such is worthy of 
most careful examination. 

Considering that goods are still being delivered 
at the Champ de Mars, and that the arrangement of 
exhibits is in many portions still very incomplete, 
it is as yet too early to state with accuracy how 
many locomotive engines the present Paris Exhi- 
bition will contain. According to the data we have 
so far been able to collect it includes thirty-four loco- 








motives (some of these adapted for tramway pur- 
) contributed by the various nations as follows: 
ce, 15; Great Britain, 6; Sweden, 1; Austria 
and Hungary, 3; Switzerland, 4; and Belgium, 6. 
Switzerland, it may be noticed, this year makes her 
first appearance as an exhibitor of locomotives at an . 
international exhibition, but the design and finish 
of the engines shown at Paris prove that as far 
as mechanical construction goes she can fully hold 
her own in this branch of mechanical engineering. 
How far the Swiss makers may be able to compete 
in price with those of other countries we need not 
now ‘ 
A feature in the collection of locomotives at 
Paris is the number of tramway. engines which it 
includes, This is the first time that such engines 
have taken their place in an international exhibition, 
and they will be examined with special interest. 
At Paris, too, the Fairlie engine is exhibited for 
the first time, as is also one of M. Riggenbach’s 
engines adapted for working on the rack rail, while 
finally we have another novelty in M. Mallet’s 
compound locomotive, shown in the French Section. 
Besides these more prominent specialities there 
are also, of course, numerous novelties of detail 
which we shall notice later on, when speaking of 
the sections in which they occur. In treating of 
the various locomotives it will be most convenient 
to classify them by their nationalities, and in deal- 
ing with them we shall commence with those shown 
by our-country, 


GREAT Britain, 


As we have already stated, the British Section 
contains seven locomotives, and these have been 
sent by the following exhibitors: Messrs, Sharp, 
Stewart, and Co., Limited, of Manchester, show the 
fine passenger engine for main line service, which 
forms the subject of our two-p engraving this 
week; while the London, Brighton,- and South 
Coast Railway Company exhibits one of Mr. 
Stroudley’s excellent little six-coupled engines of 
the type known as the ‘ Terriers,” used for work- 
ing the traffic on the South London and other 
suburban lines. A set of motion taken from the 
first engine made of this type is also exhibited to 
show its state after several years service. The 
Avonside Engine ren A show the Fairlie loco- 
motive to which we have already referred, this being 
an engine of Mr. Fairlie’s single boiler t with 
only one steam bogie, the second bogie at the trail- 
ing end not being fitted with steam cylinders. 
Messrs, Fox, Walker, and Co., of Bristol, show 
a six-coupled tank engine for the normal gauge, 
while they are also forwarding a tramway locomo- 
tive to Paris, but it is doubtful whether it will be 
exbibited. A very neatly designed and finished little 
engine for the 3 ft. gauge is also exhibited b 
Messrs. Black, Hawthorn, and Co., of Gateshead- 
on-Tyne ; and the Hughes Locomotive and Tram- 
way Engine Company, of Lega and 
Messrs. Merryweather and Sons, of London, both 
exhibit locomotives for use on tramways, For the 
present we propose only to speak in detail of the 
engine first mentioned, namely, that shown by 
Messrs, Sharp, Stewart, and Co., leaving the others 
for future notice. 

Messrs. Sharp, Stewart, and Co,’s locomotive 
occupies the place of honour at the centre of the end 
of the Machinery Hall facing the Canadian trophy, 
and its excellent design and workmanship cause it to 
well merit its position, It is an engine designed for 
express passenger service, and as will be seen from 
our engraving, it is of the inside-cylinder Pes 
having six wheels, and the driving and trailin 
wheels being coupled. In its details it may be sai 
to represent the joint practice of its builders and of 
the London and North-Western Railway conn: 
its design including many features introduced by Mr. 
Webb and Mr. Hamsbottom, while as a whole it is 
characterised by that neatness and simplicity which 
so strongiy distinguish our best locomotive practice, 
and which cause English locomotives to differ so 
greatly in appearance from their Continental contem- 


raries. 
The engine has cylinders 18 in. in diameter, with 
25 in, stroke, and as the coupled wheels are 6 ft. 6 in. 


in diameter the tractive force is an = 103.8 lb, 


for each pound of effective pressure per square inch 
on the pistons. The leading wheels are 4 ft. in dia- 
meter, The cylinders, it will be noticed, are kept 
close together, so as to enable the driving axle to 

made with very long bearings, and to admit of this 
position of the cylinders the valve faces have been 
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shown in the longitudinal and 
transverse sections. This arrangement of the valve 
faces is one formerly practised by Mr. McConnell, 
when connected with the London and North- 
Western Railway, and it is also now adopted by Mr. 
Webb. 

The pistons are fitted with gun-metal packing 
rings, and the piston rods, as well as the connecting 
and coupling rods, are of Bessemer steel. The slide 
bars are of wrought iron and case-hardened, and the 
crosshead slides are of cast iron. There are, it will 
be noticed, but two ous bars to each cylinder, and 
these are supported by the motion plate at some dis- 
tance from their rear ends, the arrangement being 
such that the crossheads can be drawn out without 
taking down the bars, This is an arrangement now 
adopted for inside cylinder engines by several of our 
locomotive superintendents, and it is a very con- 
venient one, while the short crosshead used enables 
a good length of connecting rod to be obtained, and, 
at the same time, the driving axle to be brought well 
forward, so.as to secure a good distribution of weight. 
The link motion is of the Allan straight-link type, 
and is all throughly case-hardened; the eccentric 
straps are of cast iron, as are also the sheaves. The 
reversing is effected by a screw with handwheel 
fixed on one of the hind splashers. The coupling 
rods have solid ends with bushes forced in, a type 
of end which, as yet, does not seem to have got into 
use on the Continent, notwithstanding its popularity 
in this country and its great simplicity. 

The axles and crank-pins are all of Bessemer 
steel, and it will be noticed that the axles have all 
very long bearings. Thus those of the driving and 
trailing axles are 9 in. long by 7} in. diameter, while 
those of the leading axle are 10in. long with a 
diameter of 6jin. The driving and trailing axle- 
boxes are of wrought iron case-hardened, working, in 
guides of cast steel not fitted with wedges. The 
leading axle-boxes are of cast iron working in cast-iron 
guides, there being a lateral play of }in. allowed in 
each direction between the flanges of the boxes and 
the horn blocks, and the boxes being provided with 
double inclined caps of wrought iron. Thus, 
although the total wheel base of the engine is 
16 ft. 3in.; the rigid wheel base is 8 ft. 8 in. only. 
The axle-box brasses are all machined throughout, 
and their seatings in the boxes are also machined, 
and not chipped and filed. The wheels are all of 
wrought iron, with crucible steel tyres secured by 
an outer clip fastening and set screws. 

The frames, which are of wrought iron, are 1 in. 
thick, 1 ft. 6in. deep for the main part of that 
length, and 4 ft. 1}in. a big | are well stayed 
transversely by the buffer-plate, the cylinders, the 
motion plate, the cross-stay in front of the firebox, 
and the cast-iron foot-plate at the trailing end, 
‘ The buffers are Turton’s patent and are wrought 


iron. 
The boiler is of the flush-topped firebox type, 
with the plates of the barrel arranged telescopically, 
the diameter being 4 ft. lin. inside the smallest 
plate. The firebox casing is 5 ft. 10in. long out- 
side by 4 ft. } in. wide at the bottom, and 4 #. 11 in. 
deep below centre line of boiler. The boiler shell 
is all of Bowling plate, the barrel and also the sides 
and top of the firebox casing being 4 in. thick, 
while the front and back plates are ’ in. thick. The 
smokebox tube plate is jin. thick and is flanged 
forward to join the smokebox plates, it being con- 
nected to the barrel by an angle-iron ring. The 
longitudinal seams are double rivetted, as are also 
the circumferential seam uniting the barrel with 
the firebox casing, and the angle-iron ring joining 
the smokebox tube-plate to the barrel. The inside 
firebox is of copper, the plates being jin. thick, 
except the upper rt of the tube-plate which is 
fio. thick. 1t will be noticed from the upper half 
of the plan on our two-page engraving that the 
corners of the firebox are made witha very large 
radius at the bottom ring, the seams being here 
formed on the curved portions of the plates. This 
plan, which has been long adopved by Messrs. 
Sharp, Stewart, and Co., gets over a good deal of 
the difficulty very commonly experienced with 
firebox corners when made in the usual way. The 
firebox crown is stayed by longitudinal roof-stays 
and by sling stays, as shown, Le ee 
The boiler contains 219 brass tubes 1}in. in dia- 
meter, 10 ft. 6,4 in. long between tube plates, and 
Nos. 12 and 14 wire gauge thick at the firebox 
and smoxebox ends respectively. The heating sur- 
face and general proportions of the boiler are as 


follows: 


per above them, and inclined both laterally and 
ongitudinally, as 


ENGINEERING. 
Sq. Ft. 
Heating surface: Tubes (outside surface) 1134 
Firebox... am ees 105 
Total 1239 
Firegrate area ods es 17.7 
Sectional area through tubes 3.29 
Least sectional area of chimney ... Li. 1.23 
Ratio of total heating surface to grate 
surface ad wre a oo hea 70:1 
Ratio of grate surface to sectional area of 
tubes aa oe sid coe ». 5.88:1 
Ratio of grate surface to least sectional 
area of chimney ... sae aso « 144:1 
Ratio of tube surface to firebox surface... 10.8 :1 


The firebox is fitted with a firebrick arch and 
deflector inside the fire-door, the latter being of the 
Midland pattern. On the barrel of the boiler isa 
good sized dome in which is the regulator—we 
should have preferred seeing the latter in the smoke- 
box—and on the top of the firebox casing are a pair 
of Ramsbottom’s safety valves arranged to blow at 
140 lb. per square inch. The injector steam valves, 
as well as the whistle valve and pressure gauge cock, 
are all attached to one standard, and the various 
pipes connected with the fittings are all arranged 
with great neatness. The boiler is fed by two in- 
jectors—one No. 7 and one No. 9—these injectors 

eing without steam or water adjustments. The 
injectors are placed below the footplate, and the 
water is delivered into clack-boxes at the back of the 
firebox, each clack-box having an internal pipe led 
from it to near the centre of the length of the boiler, 
the arrangement being that introduced by Mr. Webb. 
The boiler is carried at the hind end by long angle 
irons rivetted to the sides of the firebox casing, and 
bearing on the frames, while it is steadied laterally 
by a bracket rivetted to the centre of the back of the 
firebox casing, and entering into a suitable recess 
in the cast-iron footplate. 

The engine is fitted with Mr. Webb’s hydraulic 
brake acting on cast-iron blocks fitted to the coupled 
wheels as shown. We described and illustrated this 
brake fully a few months since in the course of our 
account of Mr. Webb’s latest type of tank engines 
(vide page 473 of our last Nanay’ Sp we need not 
therefore re-describe it here. @ may mention, 
however, that the brake is arranged so that it may 
be applied either by hand or by the water pressure 
from the boiler. The brake blocks, it will be noticed, 
are shaped so as to grip the flanges of the wheels, 
and the whole of the brake gear is arranged in a 
very straightforward way. 

The boiler cleading consists of sheet -iron 
on wrought-iron hoops without any wood lagging. 
Good means of lubrication are provided for a 
working parts, and on the engine an arrangement is 
shown i throwing a light on the motion-work at 
night so as to faclitate oiling. The arrangement 
consists of two hand lamps fixed back to back on 
the centre of the upper ou of the motion plate. 
The cylinders and valve faces are oiled by means of 
the lubricator, of which we give detail views on our 
two-page engraving, Figs. 4, 5, 6, and 7. This 
lubricator acts automatically by a when 
the engine is running in steam and by suction when 
the engine is running without steam—as dowh an 
incline—while it does not admit of any flow of oil 
when the engine is standing. The arrangement of 
this lubricator will be readily understood from the 
detail views we give, the section, Fig. 4, showing 
the small valve through which the oil is taken in 
by suction when the engine is running without 
steam. Of the remaining Gomes of Messrs. Sharp, 
Stewart, and Co.’s engine it will be unnecessary 
that we should speak here, but there are neverthe- 
less numbers of minor points in the design—such 
as the arrangement of all rods for sand valves, 
cylinder, cocks, &c., under the foot-plate—which 
contribute greatly to the neatness of the engine as 
a whole, and which are well worthy of the attention 
of locomotive designers. The workmanship, we need 
scarcely say, is excellent. 








TELEGRAPHIC APPARATUS AT THE 
PARIS core gers ta Il. 

In the department of telegraphic a tus 
France presents by far the finest display at the 
Exhibition. It is natural that it should be so; but 
we venture to think that English and American 
electricians will be somewhat surprised to find that 
she has so much to show which is novel and peculiar 
to the country. The latter have per been too 
much inclined to assume that all the French tele- 








graphic instruments and plant have simply been 


borrowed from England and America, but if French 
electricians have borrowed many things, they have 
not done so lavishly, but have improved and 
adapted them ; and they have also entirely origi- 
nated several important instruments. Their forms 
of apparatus are characterised by a neatness and 
artistic taste, which is rare amongst English 
makers, and is perhaps only equalled by those of 
America. The ordinary speaking telephone of 
Bell, for instance, which, notwithstanding the ex- 
travagant price charged for it in England, is merely 
turned out of common mahogany and varnished, so 
that it has a cheap a ce, is in France an ex- 
tremely handsome little instrument, sometimes 
nickel or silver plated. The French Section de- 
voted to ro ge apparatus is situated beside the 
Porte Rapp in the annexe of the gallery of machines 
which runs along the Avenue de tw Bourdbosaye, 
and it is, we believe, to be described as Class 54 
in the French catalogue yet to be published. In the 
large plan of the Exhibition Building accompanying 
our number for May 3, this annexe is numbered 52 
in red figures, and is called the French Machinery 
Annexe. The annexe there numbered 70 in. red is 
a pretty ornamental wooden chélet marked “ elec- 
tricians,” on the French plan, and apparently in- 
tended for the exhibition of electric lights, and 
other general electrical apparatus. It is not nearly 
finished, the flooring being as yet incomplete; but 
the engine for supplying the motive power is now 
being installed. The French telegraphic section is 
a square hall set round with the tables and cases 
of the principal ‘exhibitors, whose names are con- 
spicuously placed above the space allotted to each. 
In - centre of = hall. is a kind of electrical 
trophy consisting of a painted column supporting a 
globe, and inscribed with the wulb-niowa Seilsad of 
famous French electricians, including Becquerel and 
Ruhmkorff. Surrounding this column the open 
area of the room is well filled with glass cases and 
standing apparatus. A Meyer multiplex instrument 
consisting of transmitter and receiver delivering 
eight messages in Morse signals concurrently, and a 
Baudot-Hughes instrument delivering five messages 
in type print concurrently, are prominent among 
these. Almost all the apparatus employed by the 
French Telegraphic Administration are Rese repre- 
sented, and we are indebted to M. Ch. Bontemps, 
the chief electrician of the oy ore Service, and 
to M. Vallée, of the Pneumatic Service, for pointing 
them out to us in default of the printed catalogue 
yet to appear. Outside the annexe and ranged on 
either side of the entrance door, are a selection of 
——— and insulators used in France, both of 
w and iron, planted in the ground with their 
insulators fixed upon them. At each end are two fine 
wrought-iron mast poles each 25 metres high. 

The English telegraphic apparatus is situated in 
Class 65 of the English Mechanical Department 
(Group 6 in the catalogue). The exhibitors here 
are Messrs. Siemens Brothers, Charlton ; the British 
Telegraph Manufactory, Euston-road, London ; the 
Telegraph Construction and Maintenance Company, 
Greenwich ; Messrs. Sanderson and Co., Hudders- 
field ; Professor A. Graham Bell, Mr, S. A. Varley, 
Mr. Zimdars, and Mr. Jamieson, of the Eastern Tele- 
graph Company. Messrs, Siemens exhibit a hand- 
some sample case of gutta-percha cablesmanufactured . 
by them, together with specimens of india-rubber 
and gutta-percha both in its raw and finished states, 
Morse instruments, galvanometers, keys, resistance 
coils and condensers, a magneto-electric machine and 
lamp, a Siemens iron pole and insulators, cofmpound 
cop r-covered steel telegraph wire, copper-lapped 
cable-cores, and so on, he British Telegraph 
Company exhibit a variety of the apparatus in use 
in the English'Postal Telegraph service, including 
Wheatstone’s a apparatus, Wheatstone’s relay, 
the ordinary A BC instruments, &c. The Tele- 
graph Construction and Maintenance Company ex- 
hibit specimens of different types of submarine 
cables suitable to depths varying from shoal water 
to 3000 fathoms, in a profusion which they of all 
cable manufacturers can best offer. Messrs. 
Sanderson exhibit various sizes of their patent solid 
copper tape lightning conductors, manufactured in 
continuous lengths. Professor Bell, in Class 15, 
the section for mathematical and philosophical in- 
strument, exhibits several speaking telephones with 
their bell-calls. Mr. Varley exhibits magneto- 
electric machines, electro-motors, and the unde- 
magnetisable needle telegraph coil adopted by the 
postal service. Mr. Jamieson exhibits—as we men- 
tioned last week—his patent cable grapnel with re- 
tractile flukes, Saunder’s and Jamieson’s anti-teredo 
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cable preserver, a combined key and switch, with 
improved contacts for submarine telegraph signal- 
ling, and a lightning guard for submarine cables. 
Mr. Zimdars exhibits a great variety of pneumatic 
bells, and a pneumatic despatch for household and 
business purposes. In the English by aire also, 
Messrs. oty and Farmer have for show a working 
model of the united block and interlocking system 
of railway signalling—a system which we} describe 
in detail on another page—and there is another of 
Tyer’s patent electrical repeater. 

In the American Section there are as yet no tele- 
graphic apparatus on view. We believe, however, 
that it will soon be forthcoming, and were it not for 
the + distance of America from France doubtless 
the latter country would show more telegraph 
novelties than any other country. 

As regards other nations there is little to be said. 
Here and there among the rest of the European 
sections a solitary telegraphic instrument may by a 
diligent search be discovered, such as Ericsson’s 
automatic instrument and Sparre’s pneumatic bells 
(Kuntze and Co., Stockholm), in the Swedish de- 
partment, or Petsch’s, of Warsaw, case of batteries, 
and ordinary telegraphic instruments in the Russian. 
In the annexe for railway plant (No. 64in red 
on our general plan) there are afew erect specimens 
of wrought-iron telegraph poles similar to the 
smaller of those planted at the French telegraph 
annexe, 

In the present account we have, as it were, 
staked out the ground; but we hope in future 
numbers to give a more detailed description of the 
most noteworthy of the apparatus, tools, and ma- 
terial exhibited. 


HIRN’S THERMODYNAMICS.—No. XI. 
RETROSPECTIVE AND SYNTHETICAL REVIEW. FINAL 
CRITICAL DIGRESSION AND CONCLUSION. 


I. Causes of Perturbations in the Laws 2 


7 
) Origin and General Complex Nature of the 








and 


.) 

7 
Term R. Natural and Necessary Distinction between 
Molecular Attraction and Chemical Affinity. 


Whilst the ordinary law of Mariotte and Gay | 


Lussac constitutes a first approximation relatively 
to very rarefied gases, and is absolutely inapplicable 


to saturated vapours, the law (2 = #) may already 


be considered a second approximation even as re- 
gards vapours. Whilst special and empirical laws 
have explained in a more or less satisfactory manner 
the phenomena of the compression and expansion 


of liquid and solids, the law (=) suits all states 


of bodies ; but here naturally the degree of approxi- 
mation is reduced, and the law can only be considered 
an approximation of the first order. These laws 
will be again considered, and the conditions 
necessary to raise them to approximations of the 
third order. 

The principal cause of perturbations is the non- 
homogeneity of R, or the internal pressure which 
depends on the reciprocal attraction of material 
atoms. 

It the atoms were equi-distant, and the attraction 
in every direction round the centres of gravity was 
the same, R would be homogeneous. This equi- 
distance would not necessary imply rest, but such 
motions of the atoms that the mean distances would 
always remain the same, and the intensity of the 
attraction would bea function of the mean distances 
of the atoms, taken two together. 

We should, in this case, have necessarily and ex- 
clusively 


R=R, ? d, 
d being the distance, and from what we know of 
attractions referred to a centre, we should have 
more precisely 


R=R, Ds 
or as v is here directly connected with d, 
R=R, Vor-wW 8B 


v-¥ 
and it is only in this formal condition that the law 





TVo—*¥ 
P+R=—(P, +R) T v-4 
become 
— T Vo—w V -~ B 
P=(P, eo) ial = 
(Po +R, tT o Ro y ) 


would be rigorously correct for all numerical appli- 


The law cannot hold for crystallised solids, for 
the very fact of crystallisation supposes a polar 
condition in the distribution of the forces, indepen-* 
dently of any hypothesis as to the nature of this 
state, or as to the nature of the forces. 

With regard to amorphous homogeneous solids 
and to liquids and gases, we do not see at once why 
a should not be homogeneous, but it is easy to ex- 
plain. 

Formerly cohesion and chemical affinity were 
considered as forces radically distinct, now the 
opposite is generally held, and one and the same 
cause is supposed to produce chemical phenomena 
in which separate ies are combined in definite 
at and to produce the resistance of solid 

dies, in which the portions approach and take 
certain stable and determinate positions. The truth 
is between these extremes, 

The points of resemblance of the phenomena pro- 
duced in the two ways are numerous, In thermic 
relations we have found that chemically combined 
bodies act nearly as though they were only mixed 
in given proportion, and held together by a co- 
hesive force of greater or less intensity. When 
two elements combine the numerical value which 
represents the chemical force is added to the value 
of the molecular attraction, so that we can calculate 
R from the atomic weight the number of atoms, 
and a single experimental value of the density at a 
determinate temperature and pressure. 

From the experiments of M. H. Sainte-Clair 
Deville it is found that the pressure determines the 
temperature of chemical equilibrium, as it does that 
of the evaporation of a saturated liquid, so that ex- 
ternal pressure is added to chemical affinity to 
equilibrate calorific repulsion as it is added to co- 
hesion. It is the above points of resemblance 
which have caused the conclusion of the identity 
of chemical and cohesive force. 

With regard to the points of dissimilarity. There 
is first the elective affinity of chemical combination, 
which combination is besides independent of the 
solid, liquid, or gaseous state of bodies, so long as 
the external pressure is suitable to the temperature ; 
thus in virtue of chemical affinity there are formed 
in a body perfectly homogeneous as far as we can 
see, definite groups of different atoms, special 
systems dependent among themselves, in a manner 
quite different from that of the atoms composing the 
system. Chemical affinity modifies the results due 
to cohesion ; the cases provisionally called excep- 
tional are so numerous as to form a law. 

Thus when there is contraction in gaseous com- 
bination the internal pressure depends not on the 
number of atoms but on the volume, so that a certain 
number of atoms seem to disappear as centre of 
attraction. 

But an important distinction separates phenomena 
due to chemical affinity from those of simple co- 
hesion. The manifestation of electrical polarity and 
its a is secondary and accidental in phe- 
nomena due to cohesion, it is essential in any 
chemical association or dissociation. 

The researches of Pouillet, Peltier,- and other 
physicists have taught us that electrical phenomena 
take place during the evaporation of water, being 
great when the liquid contains salts and small when 
pure. Almost wi/, when dry saturated vapour strikes 
slowly the electrical receiver, they have considerable 
energy when the vapour charged with water strikes 
with force the conducting body which serves as 
receiver. 

M. Hirn found evidences of electricity by con- 
necting the water in the boiler with that in the 
condenser through a galvanometer ; the needle being 
always more or less deflected, but a further exami- 
nation showed that the phenomena were neither in 
form nor intensity in — relation of cause and effect 
with the magnitude of thermic and dynamical pheno- 
mena, 

It was to accessory circumstances, and not to the 
passage from the volume w—~) to V- \) and to the 
rupture of molecular equilibrium that the electrical 
phenomena were due, whilst it is quite the contrary 
with the electricity due to a chemical combination 
or decomposition in which the relation of cause and 
effect follow both quantitatively and qualitatively. 

The quantity of electricity developed in chemical 
combination is in the ratio of the atomic weight, 
and is infinite in comparison to that produced under 
the most favourable circumstances duttag evapora- 
tion. The amount produced for instance in an hour b 
the Armstrong machine is infinitely small compusel 





cation, 


with that produced by the formation of a gramme of 
water. , 





The chemical elements can be jeans pr - 
tatively in a series in which the degree o: ‘affink is 
correctly expressed by the tendency which one 
to become positive or negative relatively to another. 
IfIc represents the force of cohesion and molecular 
attraction, Ig that of chemical affinity, we have no 
right a priori of, say, that I; + Ia , a8 we have 
hitherto done implicitly, and we must be surpri 
at the approximation which has been arrived at 


by the employment of R as homogeneous in €3.) 


and (> e). 
Ey 
From this approximation spring two important 
facts: First. That during the ‘dilatation of 1 on 
pound of water for example, not only do the centres 
of ‘gravity of the groups remove apart, but also of 
the atoms forming the groups, Were these motions 


reciprocally proportional the law ( ” w) would be 


exact, and the slight deviations of the law arise 
from the increase of the space occupied by the atoms 
of one molecule not proceeding exactly as the total 
space occupied by the whole of the groups or mole- 
cules. Second. It also follows that the act of 
chemical combination or dissociation is no more a 
sudden leap than, for example, is evaporation. 








NOMINAL HORSE POWER. 


To THE EpITorR oF ENGINEERING. 

Srr,—In the month of December last I wrote you on 
the question of steel as a material for shipbuilding, and 
referred to a vessel intended to be built of that material 
but which from the causes therein stated, was contracted 
for to be built of iron. This made the task en 
somewhat more difficult for the builders to accomplish, 
and from this and other conditions of contract, some 
builders refused to tender, giving as a reason the impos- 
sibilty of doing the work required ; below I give an extract 
from the contract, which was eventually undertaken by 
Messrs, Alexander Stephens and Sons, and successfully 
accomplished by them. 

Extract from Contract. ‘‘ The vessel when complete and 
with 145 tons dead weight on » not to exceed the 
maximum draught of 6 ft. level keel. The trial trip to be 
from the Cloch Lighthouse to the Cumbrae Lighthouse and 
back, once or oftener at the option of owners ; er, 
conditions the vessel to accomplish a of 10 knots an 
hour on her trial trip. The builders themselves in 


a penalty of 2501. if the speed attained should be one- 
quarter knot less than that stipulated, and in a ity of 
matter kus 


5001. for every additional q ess. e@ owners 
on the other hand to pay a premium of 1251. if the vessel 
attains a speed of one-quarter knot more than the stipu- 
lated s of 10 knots. The vessel to be launched, com 
pleted, and delivered to owners on or before the last day o 
April, 1878, under a penalty of 101. per day for every da, 
beyond that date until the vessel is ready for trial trip.”’ tt 
must beadmitted these are rather tight conditions con- 
sidering the vessel is somewhat of a novelty. 

I have now the pleasure to hand you, as promised, the 
particulars of the trial trip as per contract, also the par- 
ticulars of a progressive trial at the measured mile, 
Skelmorlie, made by Mr. Kemp, the engineering member 
of the firm of Messrs. A. Stephens and Sons and myself, on 
Saturday, the 27th of April. 

As this steamer is somewhat of a —— being a twin 
screw, light draught, flat floors, no keel, full lines to insure 
the conditions of contract, with two bilge keels to ease her 
rolling, we were anxious to test Rankine’s formula upon 
which the calculations for speed were based, also to see with 
such a type of steamer, from the ive speed trials, 
whether the principle first enunciated by Mr. Willi 
Denny, of curves of 5: » would be of value for future 
gui , and furnish data for practical use. 

As this is the first twin-screw steamer of this class, 1 
believe, which has been so carefully tested by pro; ive 
speed trials, and being much interested in them, and for 
the benefit of your ers, I send eg diagram of speed and 


power curves which explains its The full line is the 
calculated curve acco: 


to Rankine’s formula for aug- 
mented surface ; the dotted line is the curve of actual speeds 
and powers obtained on the measured mile. The tor 
i m both engines at the same time 
by two sets of instruments and opera‘ in So Seo 
room, while two observers watched the posts, and took the 
time on deck, so that the results may be relied on as 
accurate. It is worthy of remark that at the speed for 
which the vessel was igned, Rankine’s formula is 
practically correct, but at low s there is a con- 
siderable divergence, the cause of which I think we see, 
but to which I will not allude at eo. reserving it for 
some future occasion, I , however, if some of 
zest vesdagp sonld be induced to give us their views as to 
“The Table of purtictlars of skip, cng 
P» 9 
pore end Fe ic ged no explanation, neither 
cards ; they are the originals as take 
instruments, so that it cannot be said of them as a large 
shipowner said to his superintendent engineer when show- 
of cards taken from some of his engines, ‘‘ Ah ! 
iam, thou hast chiselled those.’’ 





to Mr. Wilson's criticinns of may i 
to his‘formula these engines combined 
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TrraL Tap or Twin-Screw Stzames “‘ Hovssa,” No. 222, AT SKELMORLIE, ON THE FRITH OF CLYDE, 
Aprit 277TH, 1878. 
Length ft. ; breadth, 26 ft. ; depth, 12 ft. 3} in. ; draught on trial, 6 ft. in.; displacement, 570 tons ; immersed 
sth ss 146} ft. ; steam, 70 ib. ; cylinders, 17 in. and 28 in. by 27 in. stroke; vacuum, port engine, 14.5 lb., star- 








board engine, 14 lb 
| - os z 5 % 8 r : 
i at qi Hs = EE | . | 
¥ gS | me le oto i x o 
peel eeleldelal ala lHidl Eli 
L § | g& |s28| ge 2 fs i $3 | BS | gs | 38 
Ist 108 | 219.58 | 223.41 | 442.99 |} 
5 42 10.526 |) 
108 | 221.19 | 23.7 | 444.99 
5 454 | 10.419 
108 226.28 | 215.75 | 442.08 | +447.05 >10.558| 180.7 $85.2 | 282.95 
5 34 10.778 











i 108 | 194.79 
4th 108 | 290.86 | 223.94 | 454.3 
‘ 108 | 227.2 | 229.84 | 451.04 | | 
Sth 90 | 136.88 | 139.15 | 275.53 
* 90 | 188.58 | 127.95 | 266.53 
10th a om a 
5th 80 | 96.61 | 100.72 | 197.33 
A 80 | 96.61 | 99.34 | 195.95 
6th nA 
7th 60 
60 


54.42 | 53.49 | 107.91 


2B mw bw be om bo bm oo P| Mark on Card. 
B 
& 
me 
& 











\ 














bor.03 6 34 9.137 


} 196.04 7 36 7.825 } 


57.62 | 53.71 | 111.38 |) 
\ 100.0 





5 42} | 10.51 [J 


8.926] 180.4 | 384.5 | 282.45 
6 53 8.716 


7.75 | 162.8 | 346.8 | 2548 
7 49 7.675 


9 41 6.196 
i 5.928/ 130.4 | 278 204.2 
10 36 5.66 























Contract Trial of Speed. 


knots. 
From Cloch to Cumbrae 74 minutes = speed of 11.081 
From Cumbrae to Cloch 81 - = 10.12 


2)21.201 


Mean speed = 10.6 
Distance from Cloch to Cumbrae 13.66 knots. 


Actual Gurve dotted. Dedwced from known speed at powers marked -@- _. 








4 o Lock 
Fig. 2. Sica $0 cca MY, : 
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TEP: HPC 643. LPC: 3.93 Total 230.26 — 
Qlinders 17 & 28 bv 27 Stroke 













Fig. 3S. Ave Engine Revolunons 108 
Suen 0 lbs. + mene 4.5 
wk oat. 
Bottom > a 
M P 13.02 ~w_ 
ALP 12 4) 
a is 


eran. 
b sie ser Ay. WP 12.2 








horse power, and you will find in the Table the mean of five 
runs is 447 indicated horse power, whereas in the illustrations 
of his lished the engine 27 in. and 
ah 33 in. stroke as 99 and 100 horse power nominal 
they 

he 

we 


- 








am not aware of any “rire trials at different load 
druughts being recorded. I shall send you the results for 


com: with the present. 

There is a considerable amount of credit due to Messrs. 
Stephens for the successful manner in which they have 
carried out this contract, a contract which some of the 
first-class builders on the Clyde declared to be imprac- 
ticable. The ship was ready to hand over to the owners 
four clear days within the time ; the draught of water with 









Fig. 3 
7 
1091), 5.92 heriote 


196 BP. 









2708P. 8. 
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LAP IP 105.62 LP 118.32 Total 223 34 
(vunders 17 and 28° by 27° sivke 


Engine Revolutions 108 


Fi 5 starboard 
\ 1g. 9. Steam 70 lbs. Vacuum 14.0 
Link out . Valves all open 
Bottom salen Top 
Fah sonia 


the contract weight on board was 
exactly 6 ft.; the speed was fully a knot over the 
stipulated speed without a single drop of water being used 
on the bearings. ete ne vem tie me Pager | 
pressure of 70 Ib. for sixteen hours constant steaming wi 
a splendid a sae & —-. 
portance in a vessel trading up iger on the wes 
coast of Africa. 








Yours very truly 


It has been long 


ON STEEL FOR SHIPBUILDING.* 

By Mr. B. Marreu, Chief Surveyor of Lloyd’s ister 
of British and Foreign Shipping, Member of ‘Zone yay 
THE question of the use of steel for shipbuildi r- 

has occupied considerable ‘tion ape Soni 
ly aes é in shi , and one or more valuable 
papers, bearing on this su % essbabn venbet thn teest 
ings of this Institution ; but it is, perhaps, not too much 
to say that circumstances have now brought the question to 
the front in a more urgent and practical form than hereto- 
fore, and, in my opinion, it was never so ripe for discussion 
as at the present time ; and just now the production of any 
experience which can throw light on its mechanical or com- 
mercial aspect will be of special value and eeieenes. 
The prominent position occupied by mild during the 
last year or two, and particularly very recently, has 
induced shipowners as a body to look forward with the 
greatest interest to the probabilities of its becoming the 
material for shipbuilding in the immediate future, and they 
desire at the present moment to be informed of the advan- 
tages or otherwise which experience so far has already 
shown to arise from the use of this material for the con- 
struction of vessels for general mercantile purposes. 
¥ felt that the production of a material 
like the present mild steel, possessing its properties of duc- 
tility and superior s , and being perfectly uniform 
and homogeneous in quality, would be a most desirable sub- 
stitute for the ordi iron used in the construction of our 
mercantile vessels. Till the last year or two much doubt 
existed whether these conditions could be insured to the 
required extent, and especially whether it could be produced 
at such a cost com with iron as would enable sbip- 
owners to recoup themselves for the additional outlay. 
_ The time has now come when it is said by many others be- 
sides the manufacturers, that steel can be used with as much 
confidence as iron ; and it is held that whilst the properties 
of mild steel are in every respect superior to iron, the 
cost—having regard to the reduced weight required—will 
warrant the shipowner, from a commercial point of view, in 
“—s the lighter and stronger material. 

These opinions are undoubtedly shared by many ship- 
owners, as would appear from the fact of steel vessels at 
the present time being in course of construction. I may 
mention that during the last twelve months, the Committee 
of Lloyd’s Register of Shipping have had placed before 
them for their approval the particulars of over 5000 tons 
of sailing ships, and 18,000 tons of steamers, with a view, 
if built, to a class in the Register Book of their society. 

These facts all seem to indicate that steel shipbuilding 
on a large scale is becoming a reality, and this is why 
think the present an opportune moment to raise the ques- 
tion before the members of this Institution, as a discussion 
of it here cannot fail to afford valuable information to all 
who are interested in the subject. 

The question appears to present itself for consideration 
under the two following h : 

Firstly. The peculiar properties of mild steel for ship- 
building, as rds its congueaiize strength, uniformity, 
and rigidity ; the changes observable under manipulation, 
the effects of rivetting, and the general durability as com- 

with iron. 

Secondly. The relative cost, and commercial advantages 
or otherwise to be derived from its use in the construction 
of sailing ships and steamers for various purposes of 


trade. 

Until recently the experience of those who had used and 
observed the working of steel for shipbuilding was not so 
satisfactory as to justify them in recommending its general 
adoption for the construction of vessels of all sizes and for 
every purpose of trade. On the other hand, it is only fair to 
admit that steel has been used,and used successfully,for ship- 
building, off and on for many years, but I believe the 
success has been achieved only where the material has been 
very carefully selected, and due precautions bave been 
taken in its use. 

A large number of small vessels have, for instance, b3en 
built for special purposes of trade, and have done their 
work well ; andeven merchant ships above 1000 tons re- 
gister, have been so constructed, and fully answered the 
expectations of their owners. One sailing ship of 1200 
register tons has been employed in general purposes of 
trade for the last fourteen years, and is so employed at 
present, and structurally has given every satisfaction. 

These facts show that we are not altogether wanting in 
experience of steel for shipbuilding, even in ordinary 
sea-going ships. At the same time, it is only too true that 
in other attempts at steel shipbuilding very brittle plates 
have been found to be interspersed gst others 
ing every desirable quality, and this gave rise, and justly 
so, to the distrust which for a long time has been felt in 
using steel in an ordinary manner for general purposes of 
ship construction. 

xperience has now, however, abundantly proved that 
mild steel can be manufactured either by the Bessemer or 
Siemens’ process, possessing qualities of ductility in con- 
nexion with tensile strength and general uniformity, which 
render it much superior to the iron in —- use, and 
fally meriting the high praise which has been claimed for 
it by the manufacturers ; and what is of not less import- 
ance, this material can be produced at a ama 
cheap cost, thus rendering its adoption practicable. 

After most careful inquiries I have elicited but one 
opinion from those who have recently used it in shipbuilding, 
and those whose daty it has been to officially inspect the 
working of it, to which I can bear my personal testimony, 
that within certain limits of thickness it is a material which 
can be used with the greatest confidence under precisely the 
same conditions as would be required in the use of iron. 

With a view, however, to have further information on the 


* Paper read at the nineteenth session of the Institution 











Groner W. JArFRer. 
Greenock, May 9, 1878, 
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properties of this mild steel under the various conditions to 
which it would be subjected in the ordi course of con- 
structing merchant ships, the Committee of Lloyd’s Register 
have recently at considerable expense caused many series of 
iments and tests to be made under the inspection of 
their officers, and I have much pleasure in laying the re- 
sults of these before the meeting, Louther with some others 
furnished me of a trustworthy character. And I should 
say, we feel much indebted to some of the principal steel 
manufacturers of Bolton, Sheffield, Scotland, and on the 
Continent for the assistance they have afforded us, and the 
e e they have incurred in ee these inquiries. 
ese tests, it will be seen, embrace the qualities of the 
material as regards its tensile strength, elongation, effects 
of punching and drilling on steel plates, annealed and un- 
annealed, as compared with iron; also the strength of 
rivetted joints of steel plates as compared with iron, &c. 

Information on some of these points age = apes but 
the tests were generally confined to thin plates and small 
samples, as in the tables of results furnished by Mr. Riley 
in the paper on steel read before the members of this Insti- 
tution in 1876, and in some of our own earlier tests. In 
the examples now given, the tests have been extended to 
thicker and larger specimens of plates, whilst the tests on 
rivetted joints and on punching are of more value from the 
fact of a comparison being made between steel and iron 
under the same conditions, which is of practical importance 
in dealing with this branch of the subject. 

While this mild steel, as before said, is found to be suffi- 
ciently ductile for every purpose for which it may be re- 
eirel; and its uniformity of quality is admitted to be re- 
markably great, it is at the same time, with proper care, 
capable of being welded with as much ease, and as satis- 
factorily as iron. This has been shown to the entire satis- 
faction of many of our surveyors, and quite recently in the 
case of one of them who has been conducting a series of ex- 
periments on steel at one of the principal s manufactories 
on the Continent. It is also co ed, as will be seen by 
the specimen produced, which has been forwarded to me b: 
Mr. Kirk, of Glasgow. This specimen was “shingled ” 
from the cuttings of steel plates in ordinary use, in the 
same way and at the same heat, as would be done with com- 
mon scrap iron. It was bent, as you see it, cold, till the 
ends closed, and finally broke. A piece of the same mate- 
rial was tested and found to stand a tensile strain of 26 tons 
to the square inch. Mr. Kirk observes, “‘ In all this it 
behaves just as ordinary iron. It welds as freely, and 
does not lose its strength by the process. In fact, it is 
cleaner and more perfect in the welds than iron.” This is 
very important, as considerable doubt still exists in many 
minds whether it can be safely used for forgings. 











The question of the qualities of the material, however, is 
only one part of the subject in ship construction ; another, of 
equal importance, is the connexion of the several parts. 
And this leads to the consideration of the most fitting 
material for the rivets of steel ships, and the sizes and ar- 
rangements of the rivetting. Although I believe the 
Admiralty have not yet adopted steel rivets in ships built 
of steel for the Royal Navy, yet steel rivets have been used 
very satisfactorily in two steel vessels recently built by 
Messrs. Laird Brothers, of Birkenhead. They have also 
been adopted by Messrs. J. and G. Thomson, on the Clyde, 
in a large steel vessel building by them, with perfect success. 
In fact, the latter gentlemen state they find less liability to 
injury from overheating in steel than in iron; but the 
rivet steel for this purpose was in both cases of a specially 
mild quality. 

Experience has, however, shown that risks are incurred 
unless special means are adopted to insure the rivet steel 
being of very mild quality, or‘that the rivets are uniformly 
heated, and at not too high a temperature. 

To illustrate this, I may mention that the builders of a 
steel vessel, recently constructed, determined at first to 
adopt steel rivets. After one or two landing edges of the 
outside plating had been rivetted, it was found by them 
that many of these rivets were broken off in the pro- 
cess, generally between the surfaces of the two plates they 
connected. In consequence of this, the use of steel rivets 
was abandoned, and iron rivets of the best quality sub- 
stituted throughout the plating of the vessel. 

If we could insure the efficiency of the steel rivets, their 
greater strength, which is shown to be one-fourth more 
to resist shearing than iron rivets of the same size and 
spacing, ce ge us to obtain Senkies —_ with 

er rivets, ey were properly s 3 yet, if con- 
stant vigilance were required, cw boys are employed to 
heat them in —— — furnaces, I should hesitate to 
ativocate their gene option. At the same time, when 
such satisfactory results as those referred to have been 
obtained, there does not appear to be much doubt that with 
teel specially prepared for the purpose, the rivets properly 
made, and with ordinary care in their use, satisfactory 


rivetting can be made with steel rivets. And when the 
additional strength which they impart is considered, it be- 
comes a matter of much importance that their use should 
seoten.duppevehgoentah thors Sok deeeeaetee 
appear ve at present shows is 

result therefrom. “i 

There is no doubt the question of rivetting is still open to 
much consideration, oa ample room is left for a most 
useful series of experiments as to the best diameter and 
pitch of rivets in relation to the thickness of the plates; 
effects of single, double, and treble rivetting ; also the com- 
parative advantages of steel and iron rivets. I venture to 
express the hope that the Admiralty, steel manufacturers, 
and others, will be enabled to see their way to assist us in 
—— these tests in the direction indicated. 

In Table I. (see pages 415 and 416) are given the results 
of some tests of the strength of iron and steel plates con- 
nected ther by butt straps and with iron and steel 
rivets. The first nine of these in the Table were kindly 
a for testing by Messrs. J. Elder and Co., and the 

ollowing are the mean results : 

Firstly. Iron plates, connected together iron butt 
straps of the same thickness, double-chain rivetted with iron 
rivets, and having the holes punched, show a mean tensile 
strength of 17.9 tons per square inch, and in all these cases, 
the plate broke Shrough the rivet holes. 

Secondly. Steel riates, not annealed after punching, con- 
nected together by a steel buttstrap of the same thi , 
double-chain rivetted with iron rivets, withstood a tensile 
strain of 16.7 tons per square inch of rivet area, the 
tension on the plate between the rivet holes being only 
15.3 tons per square inch when the rivets sheared. 

Thirdly. In a similar experiment to the foregoing, with 
the exception of the rivets bei zig-zag instead 
of chain, the rivets were sheared at 19.2 tons per square 
inch, or a mean of 17.9 in the two experiments. 

ly. Steel plates, not annealed after punching, con- 
nected together by steel buttstraps of the same thickness, 
double chain rivetted with steel rivets, show a mean tensile 
strength of 22.5 tons per square inch—the rivets shearing 
in some cases, and in others the plates breaking. 

From these results it appears the full strength obtained 
from double rivetting, with iron rivets, does not exceed a 
mean of about 18 jane mes squareinch. In view, therefore, 
of steel plates unannealed, as shown, withstanding a tensile 
strain of 22} tons at the rivet-holes, double rivetting with 
iron rivets is not sufficient to insure the strength of the 
plates being utilised ; and that in order to accomplish this, 
either the rivets should be larger or more closely s 
or the butts would have to be treble rivetted with iron 
rivets, or double aig 2 Bpewmr steel rivets adopted. 

(To be continued.) 





BYRNE’S PNEUMATIC BATTERY.* 

By WitL1AmM Henry Preece, Electrician, General Post 
Office, and Vice-President Society of Telegraph Engi- 
neers. 

1. Tuts battery is a single fluid battery with zinc for the 

positive metal, platinum for the negative metal, anda solution 

of bichromate of potash and sulphuric acid for the exciting 

liquid. The zinc is The platinum foil has a 

thick backing of copper which is cove with thin sheet 

ead to protect it from the acid, and which is then well 
varnished, leaving only the platinum foil opposed to the 
zinc. The zinc is opposed on each side by platinum in the 
form known as Waburton’s battery. The solution is com- 
posed of 12 0z. of bichromate of potash, one pint of sul- 
phuric acid, and five pints of water.. The salt is dissolved 
in warm water and then allowed to cool before being in- 
serted in the cell. A thin lead or hard rubber tube descends 
into the cell, and extends horizontally along the bottom be- 
tween the opposing plates and is mit bn along the hori- 
zontal portion so as to allow a current of air which is 
pumped through it by a s or hand pump to pass 
through the liquid and agitate it violently. The cell is of 
ebonite or hard rubber, and the arrangement of the plates 
is such that when not in action they can be li and 
maintained out of the ee The ten cells exhibited were 
constructed by Mr. Ladd. 

2. Solutions of bichromate of potash as exciting agents 
in batteries are becoming very common. This salt was 
suggested for the purpose by Poggendorff in 1839. His 
mixture consisted of : 

K, Cr, O, ed ee 3 parts 
So 4 ” 


ee ke, 
In this solution some of the oxygen is held by a very 
weak affinity and it readily combines with the hydrogen 
evolved upon the negative plate. The action of the battery 
is probably as follows : 
3Zn+K, Cr, 0, +7 H, So,=3 Zn So,+ 


Cc y 
Cr, 0; 3S0,+K, 80,+7 H,O 
The resulting com being zinc sulphate, chrome 
alum and water. The result is a remarkable increase of 
electromotive force. We apparently not only have the 
electromotive force due to the contact of zinc and sulphuric 
acid, but an equal force acting in the same direction due 
to the contact of the platinum and bichromate. Hence the 
electromotive force present is about twice that of a Daniell’s 
-*O. Poguendont thought thet the elicits of the liquid 
. Poggen 

was due to its decking effect on the negative plate, 
but its effect is not a restoration of power, but an ad- 
poe Seer due to the introduction of a fresh elec- 
tromotive force. There are i ici 
improperly attributed to polarisation, first, because the 
effects are not understood, and secondly, because 
sation itself is not understood, and, as it has been well 











* Paper read before the Physical Society. 


polari- | i 


$17 
remarked in all sciences, miyciiete are apt to hide their 
ignorance in loud sounding . Polarisation is a term 
ly applied to an electromotive force set up by the 

ma nascent hydrogen or other gas, with the 
d ; “i rey - trary By 
lecom: ina m con 
ar Sovcomatine saree neing the bo ae t on 
causes the appearance of the rogen, reducing 
8 of the original current. In Daniell’s and Grove’s 
cells this polarisation ko eaeely. brovened ® the instant 
reduction of the hydrogen. In ’s cell it is reduced by 
the mechanical removal of the & in 
cell and in the numerous applications of ee. or ge Be 
solution we have not only polarisation prevented, but a 
fresh electromotive force set up acting in the same direc- 
tion as the normal electromotive force. The action of these 
batteries is strongly corroborative of the modern contact 
theory supported by Helmholtz and Thomson. 

4. Poggenda used zinc in diluted sulphuric acid, and 
carbon in his bichromate solution, the two being se 
by a porous cell. Now it is observed in sucha battery 
that the current resulting from it rapidly weakens when 
the circuit is eae, This effect is generally said 
to be due to ‘“‘ polarisation 3” but. it is thought 


the 

author to be due to increase of internal resistance. Hrany 
efforts have been made to remedy this defect. Mechani 
agitation of the liquid was found to be beneficial, and as 
early as ee y Grenet fr aarwreed aad pelea : era" of 
rotating and moving the p' ves, 0 itati 
the ind by mechanica! means, and by Pumping it fhroug 
it, and of forci the fluid itself to flow through the cells so 
as to be constantly renovated, this means he produced 

powerful batteries. Trouvé, Chutaux, Camacho, Fuller, 
and others have followed in the same direction, but no one 
has produced such a powerful battery as Dr. Byrne, of 
Brooklyn, New York. A stout platinum wire $2 in. long 
of No. 14. B.W.G. (.089 in. in diameter) was eraneny 
brought toa glowing red heat which ebbed and flo 
with the cessation or renewal of the air flow. A brilliant. 
electric light was maintained between two carbon points 
which similarly varied in intensity with the flow of air. 
Mr. W. Spottiswoode’s large induction coil was worked to 
its utmost limit, giving full intense org 18 in. in length 
with the air flow, and only 8 in. without air. Indeed all 
the effects which are ordinarily produced by arte | or 
eighty ordinary Grove’s, were easily repeated with these 
ten cells when pneumatically agitated. 

5. ‘To what is this + increased strength of current 
due? It cannot be due to re. or polarisation 
means first deterioration, and depolarisation means restora- 
tion of power. There is no deterioration or restoration, 
but an absolute accession of pene It must, therefore, 
be due either to an increment the electromotive force, 
or to a reduction in the resistance of the circuit conveyi 
the current. Now Ohm’s law shows that the strength of the 
current (C) varies directly as the electromotive force (E) 
producing it, and inversely as the resistance (R) opposed to. 
its flow, or n . 


C= =, 

R 
If BR remains constant any increase in E will increase C in 
the same ratio, and if E remains constant then as we 
gradually reduce R,C must increase until when we make R= 


O,C must become infinitely great, or o=8 == Of. 


in any battery the gradual reduction of R offers a ready 
means to increase the strength of the current flowing. 

Of course there must always be some resistance present, 
and, therefore, the current can ever become infinitely great, 
but if the resistance external to the battery be so small as. 
to be neglected, then the redaction of tlie internal re- 
sistance offers a readier means to increase the current than 
~~? possible increase of electromotive force. 

. Is the increased strength of current in Byrne’s battery 
due to an increase of electromotive force or to a reduction in 
internal resistance? I have tested the electromotive force of 
the battery by various methods, at different times, when it 
is idle, when it is at work, when air was being pumped into- 
it, or had been pumped into it, and invariably the electro- 
motive force has been perfectly constant. aw the in- 
cre strength observed must be due to diminished 
resistance. 

7. This diminution is effected in two ways; first, the 
peculiar compound construction of the negative plate 
reduces the normal resistance of the cell to a minimum, 
and, secondly, the flow of air produces an abnormal reduc- 
tion due either to mechanical, chemical, or thermal causes. 
The influence of the compound negative plate is clearly 


shown in experiments. 
first effect observed is an extraordinary 


8. Now t 
evolution of heat in the cells. If the be retained in 
‘o what is this 


action long enough the liquid will boil. 
heat due? 

a. It is not evident when the battery is idle, but it 
appears at once when action commences, and when the air 
is made to flow. Hence it is due either to the air or to the 


current. 

b. If two cells be taken, one being short circuited and 
the other disconnected, heat appears in each cell when air 
is made to flow. Hence it is not a sequence of the current 
but is due to the air. 


Hence. 
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d. No. 1 cell disconnected was cooled down to 84 deg. 
and o for five minutes ; there was no increase of 
tem are, it was short circuited, but no air turned on, and 
in 15 minates the temperature rose only to 95 dog, assisted 
no doubt by the mechanical disturbance of the liquid. 
Hence the heat is due to the presence of air and of zinc. 

e. A fresh and well amalgamated zinc and an un- 
amalgamated zinc were taken in cells and the heat 
generated observed. The heat in the amalgamated cell re- 
mained constant, while that in the unamalgamated one rose 
in four minutes to 110 deg. Hence it is evident that the 
heat ced is that due to the combination of the zinc, 
and that the probable action of the air is » materially 
assist this combination by idly renovating the acid in 
contact with the zinc and removing the sulphate of zinc 
formed from the neighbourhood of the plate. 

9. How far is the reduced resistance due to the direct 
action of the air, and how far to the direct action of heat? 

If it be due to the air the effect must be either chemical 


or mechanical. 

& Gonmen Eelvemin. nh sir woie siternataly pengol 
a. Oxygen, . r were alternately pum 
through the liquid and no difference whatever was observed 

in the strength of the current produced. 

b. The constancy of the electromotive force under all 

itions is a proof of the absence of any additional 
chemical reaction. Hence the action of the air must be 
purely mechanical. 

10. What is the mechanical effect of the flow of air? 

A cell was fitted with a he peepee ge omy zinc and a 
carbon negative plate inclined to other at an angle 
of 45deg., the bottom edges being near to each other. 
The current was measured on a tangent galvanometer. 

a. Air was pumped in between the two plates and in- 
cently the strength of the current was increased to its 

all limit. 

b. The pump itself was filled with the bichromate solution, 
and the liquid itself, instead of air, was forced on the zinc 
plate alone. No additional effect was observed. 

ec. The liquid was pumped on the negative plate, an 
ae effect was at once observed without the evolution 

d, On simply rubbing the surface of the carbon with a 
piece of weet te same effect was observed. 

Hence the mechanical effect of the air is to replace the 
solution in contact with the negative plate with fresh liquid. 

11. But what effect has this mechanical action of the 
air on the internal resistance of the cell ? 

a. A cell was fitted up with carbon electrodes, the re- 
sistance between them was 16ohms. Air was turned on, an 
in three minutes it rose to18 ohms., and remained con- 
stant at that figure whether air were blown through or not. 
Hence the air has a tendency rather to increase the re- 
sistance of the liquid than to diminish it when the liquid 
is used as an electrotype only. 

12. The cell was fitted up with zine electrodes, its re- 
sistance fell at once to 1.5 ohms, and on blowing air 
through, it fell to .5 ohm. 

Hence it is evident that besides tending to produce heat 
and the rapid combustion of the zinc the internal resistance 
of the liquid is materially reduced by the chemical affinities 
present when air is laid on. 

13. What effect has heat alone on the internal resistance 
of the cell ? 

a. A glass flask was fitted up with a zinc and an ordinary 
—— plateimmersed in the bichromate solution, and 

eat was applied beneath it by means of a spirit-lamp. 
The temperature, electromotive force, and internal re- 
sistance were simultaneously observed : 


ie * ae ‘E. M. F. Resistance. 
‘abr. aniell’s Cell=1. ohms. 
as oo 3 
Kk 85 
80 1.961 77 
100 1.970 .68 
120 1.970 61 
140 1.970 54 
160 1.970 50 
180 1.970 49 
200 1.970 45 


At 210 deg. acid attacked the zinc with great violence, 
rendering further observations impossible. 

b. The platinum plate in the same cell was replaced by a 
Byrne’s compound copper-lead-platinum plate : 


Temperature. E. M. F. Resistance. 
Pahr. aaa f Cell=1. a 
100 1.8% 61 
120 1.92 35 
140 1.97 24 
160 1.97 19 
180 1.97 17 
200 1.97 14 


At 210 deg. acid attacked the zinc with such violence as to 
prevent further observation. 

Hence it is evident that the evolution of heat is ac- 
companied by a considerable reduction in the internal re- 
sistance of the battery, and that this,is favoured by the 
lower resistance of the compound ne zative plate. 

14. To examine the action ‘of high temperatures in pro- 
moting the combustion of zinc. 

A amall piece of zinc was placed in a flask geptaising 0 
small quantity of mercury, the flask was filled with bi- 

solution, which was heated until it boiled. This 
latter took place at 215 deg. Fahr., but the zinc remained 
protectel by the ion. 

A of zine immérsed vertically in the 
solution became attacked, if not allowed to rest in the 
mercury, but when so attacked if it was allowed to again 
rest in the mercury, after a short time the action ceased. 
This would seem to show that the hot solution had a silent 
solvent action on the zinc, even when ted, but a 





d | it can always be kept ready for action, it is free from all 





much more energetic action, accompanied by a violent 
disen, t of gas, when the amalgam had worn off. 
15. What influence has heat alone in modifying the in- 
ternal resistance? 
Two platinum plates were immersed in the solution, and 
the resistance between them measured at different tem- 


ine ae re Resistance. 
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210 d 
215 (boiling) .04 (variable) 

Hence it is evident that as heat modifies the chemical 
affinity between the molecules of the solution, so it reduces 
the resistance. 

16. It is, therefore, evident that the wonderful strength 
of current produced by this battery is due to the great re- 
duction of its internal resistance produced in the first place 
by the peculiar compound construction of the negative 
» Ae in the second place, by the peculiar effect of the 
rapid flow of air through the cells ; and in the third place, 
by the production of heat. The action of the air flow is 
principally mechanical, but by hastening the combustion of 
the zine, it tends to generate heat, which of itself tends to 
reduce the resistance. The mechanical action of the air is 
to remove from the neighbourhood of the negative plate 
the chrome alum which is formed there, and from the 
neighbourhood of the positive plate the zine sulphate, and 
to bring in contact with both plates a constant supply of 
fresh solution. 

The principal defect of the battery is its rapid consump- 
tion of zinc and reduction of the bichromate solution. The 
cell becomes satura‘ with zinc sulphate, and the 
bichromate of potash becomes reduced to that peculiar 
double salt chrome alum. It has to be freshly charged 
whenever it is wanted, if it is worked hard. Nevertheless, 


noxious vapours, and it is certainly a most valuable 
addition to the physicist’s laboratory. Dr. Byrne introduced 
it for cauterising purposes, and it is largely used for such 
operations in America. 








THE PAST, PRESENT, AND FUTURE OF 
THE RIVER THAMES.* 
By J. B. Repman, F.R.G.S., Memb. Inst. C.E. 
(Continued from page 251.) 

Tue trade of the port of London could never have in- 
creased as it has but for the regulation of the channel, and 
the increased flow of tidal water produced by the early 
works of embankment ; similar results have developed at 
Glasgow, from the more modern works on the Clyde of a 
similar character. 

This increase is almost eclipsed by that of Liverpool, due 
to greater range of tide, more rapid development of dock 
enterprise, earlier connexion with the railway system, and 
propinquity to centres of manufacture. 

In 1660, the Legal Quay, 1400 ft. in length, below London 
Bridge, was the only accommodation for landing foreign 
produce ; in 1795-6, the crowded state of the river caused 
an inquiry before the House of Commons. The report of 
May, 1796, showed that in seventy years trade had nearly 
doubled, and in the quarter of a century following the in- 
crease was proportionate ; towards the end of the century 
the foreign import and export values were trebled, the im- 
port ~ weed quadrupled, and the export more than quin- 


tupled. 

The coasting trade, colliers forming more than one-half, 
increased correspondingly, —— nearly quintupled, and 
exports more than quadrupled. 

n this century the dimensions of British shipping and 
the number of total entries were doubled: attention was 
then directed to the necessity of removing the foreign trade, 
either into docks or lower down the river, as the same ne- 
cessity has been entailed of late years with colliers. 

The objections urged to docking ships conveying timber, 
now (but only pouty? universally so accommodated, 
raises the question of the reasonableness of the opposition 
in the coal trade to such a yoasensne- This trade is now. 
however, conducted almost entirely by steam vessels, and 
the old collier is becoming extinct. The river was shown to 
be ill-adapted for a dock, and the practice of mooring tiers 
of > the navigable channel was c ised in 
terms equally appropriate now. 

In the first report of 1799, regret was expressed that no 
steps had been taken, and it the advantages ex- 
perienced by the outports from wet docks, and recommended 
the immediate execution of the Isle of Dogs and Wapping 
plans; a succeeding report of July, 1799, i the 
various projects, without any recommendation. The Select 
Committee of July, 1800, referred to the Wapping (London 

) that session, which provided for the 
purchase of the , also to the Act passed in the 
prior session for the West India Docks. It is, the com- 
mittee says, ‘‘ with great satisfaction they point out these 
vast and expenses enterprises, as undenia e proofs of the 
spirit, the activity, and wealth of the nation.’ 

In the year 1800, the London and West India Docks were 


* Paper read before the Society of Arts. 








commenced, and in 1803 the East India Docks. The Surrey 
Canal Dock and the Commercial Docks, on the opposite 
side of the river, were subsequeutly formed. 

In 1796, a navigable channel of 250 ft. had been insisted 
on by _ Legislature, when 11,000 ships entered in a twelve- 
month. 

In 1824-5, notwithstanding the construction of the abo 
docks, thecrowded state of the river, and the urgent necessity 
of increasing dock room, again the attention of the 
Legislature, when Acts were passed for Collier Docks, 
South London Docks, and the St. Katherine Docks; the 
two former were, however, never made. In 1828, when the 
St. Katherine Docks were opened, the number of ships 
= — a * 23,000, or more oe double those 

wards the end of the former century. rt regulation 
was then made to preserve a clear 300 ft. me legally 
confirmed in 1829; in 1831, a Committee of the House of 
Commons on the necessity of enforcing this regu- 
lation ; in 1832, representations were made by many in- 
fluential bodies on the crowded state of the river ; in 1833, 
stringent orders were issued by the Port Committee to en- 
force the 300 ft. channel, and, in December of the same 
year, after a most laborious investigation, this width was 
adhered to ; in 1834, a report was made embodying this de- 
cision. In 1835, the number of ships entering reached 
25,365, denoting a much higher rate of increase; in this 
year the preservation of the channel was upon the 
attention of the Port Committee, by memorials from the 
St. Katherine Docks Company and others. In the autumn 
of this year, so great was the excitement caused by an 
alleged proposed reduction of the channel back to 250 ft., 
that papers were circulated, in which it was that, 
the gislature having sanctioned the expenditure of 
6,000,0001. or 7,000,0001. on the London Docks, St. 
Katherine Docks, and Grand Surrey Canal Docks, it 
was incumbent on the authorities to preserve free access, 
recommending, at the same time, the preservation of the 
300 ft. channel, and certain dispositions of the tiers by 
fixed moorings. In 1836, so great were the impediments, 
that a Select Committee of the House of Commons sat on 
the subject, the recommendations of which were similar ; 
in the appendix to their report, the well-known harbour- 
master, Captain Fisher, in a letter, said he saw no remedy 
but compelling the colliers to go into a dock, and urged the 
advantages of a depdt in equalising prices. 

From 1830 to 1837, various plans for collier docks were 
proposed, to which there existed as great a prejudice as 
formerly in the case of general produce and timber, pro- 
bably as well founded ; the unloading at less cost than by 
the rude and primitive method formerly employed in the 
river, the greater despatch and security from danger, were 
all features urged in their favour. The coal trade is now, 
however, entirely altered; the sea-borne tonnage is a 
decreasing quantity, railways bringing in the main portion, 
and the sea-borre coals are now very rapidly transferred, 
by floating machinery in Blackwall and Woolwich reaches, 
to lighters towed up stream in fleets by steam tugs. 

The foreign imports and exports were in a still increasi 
ratio for the first half of the present century. This appli 
also to the coasting trade; the foreign export tonnage had 
more than doubled, the import trebled, and the coasting 
trade much more so; the development of steam tonnage 
was even more remarkable. Mr. Hume, as examining tidal 
harbour commissioner for 1846, referred to Mr. Rowland, 
the harbour master, as, after four years’ additional ex- 
perience, recommending the removal of the seven sections 
of laden colliers, which were berthed in the deepest part of 
the river, and to his strongly urging that docks should be 
erected for their reception; in this opinion Mr. Hume 
concurred, and the Commission generally. They said, 
‘the increase of steam navigation rendering necessary the 
widening and deepening the waterway.” 

To meet this, the collier tiers were re-arranged, moored 
in the lower reaches, and only allowed to come up into the 
Pool in certain gradation. 

The dock acreage of London, instead of keeping pace 
with the wonderful increase of freightage, had, before the 
opening of the Victoria Docks, with very slight addition, 
been absolutely statio for a quarter of a century, and 
the two hundred acres of dock, which in 1828 supplied the 
wants of the crowded chief port of the world, appeared to 
have been long considered sufficient for its ever-increasing 
wants. 

The existing metropolitan dock companies have felt the 
force of those circumstances, and the necessity for larger 
entrances, due to increase in the size of ships, as an 
expenditure of about a million had taken place in improving 
the accesses to the present establishments, but adding very 
little to the dock acreage of the port. The London Dock 
Company constructed a more capacious entrance, and a 
slight accession to their dock area; the = Canal 
Company enlarged their dock for colliers, with machinery 
for quick discharge, and constructed a large ship lock ; the 
East and West India Dock Companies formed a small two- 
acre basin and locks between the Blackwall basin of the 
West India Dock, and the City Canal or South Dock, to 
render,the two river locks common to the establishment ; 
the reservoir north of the Blackwall basin has also, of late 

ears, been formed into a dock, and recently supplemented 
y a narrow parallel dock, and lastly, the City Canal has 
been widened and converted into a new South Dock. A 
new additional large entrance lock to the East India 
Dock, and an enlargement of the tidal-basin, are also in 


Prithe Victoria Docks in Essex, below the river Lea, now 
in full operation, add nearly 100 acres to the port 
accommodation ; and so great was the confidence of the 
promoters, that powers were taken for an additional 150 
acres. Considering their site, these views were possibly 
not audaciously sanguine. The extension works to Gallion’s 
Reach, below Woolwich, are now in course of formation b; 
the united directorate of the London, St. Katherine, 
Victoria Docks. 
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The Commercial Docks Company purchased and re- 
constructed the East Country Dock, with a new entrance 
and connecting locks, which gives them an additional deep 
water entrance lower down; also an entrance near the 
centre of the establishment opposite Limehouse. 

The Surrey Docks, now incorporated with the Com- 
mercial, are also enlarged 
water lock, admitting a much larger class of timber 
formerly compelled to discharge in the river. 

The old companies, taking example from their younger 
sister, had their quays connected by rail, so that 
from the manufacturing districts come direct to the ships’ 
side. This must eventually tell very much in their favour, 
but has been an established fact in Liverpool for many 


years. 

In London, what is significantly called the ‘‘long-shore”’ 
interest, had, prior to the Victoria Dock Act, been 
Pyar ya roost Ms — Fa — for the = 

m of graving docks, for the or repairing of ships, 
which was thought to militate to the prejudice of the 

ivate ares notoriously the case with the London 

k Bill, which contained a clause for that purpose, sub- 
sequently struck out; it required half a century fora public 
beg al to obtain such powers. 

Thames Haven, Gravesend, Northfleet, Daggenham, and 
Erith, where docks have been proposed, appear to be too 
low down the river to form, at least at present, immediate 
adjuncts tc the port of London; on the other hand, from 
the value of property, the crowded state of the river, and 
its contracted width and depth, the various schemes for in- 


by two new docks and a deep 


creasing dock room, brought forward during the last quarter | d 


of a century, have, in the majority of instances, been all 
too high up the river ; this was forcibly shown by the re- 
jection of the Wellington Dock Bill by a committee of the 

ouse of Commons in 1854, which proposed to form docks 
at Rotherhithe, near the Spa-road Station, opposite the 
London Docks; the committee considered that sufficient 
time had not been allowed for the development of the 
Victoria Docks, and that the projected works were too hi 
up the river, and too near existing establishments, especially 
the London and St. Katherine Docks. 

We have now two great companies on the north side, the 
London, St. Katherine, and Victoria Company, and the 
East and West India Company ; and in addition, the Mill- 
wall Dock, recently formed in the Isle of Dogs ; and, lastly, 
one company only on the southern Surrey shore, whose 
docks are chiefly devoted to the timber and grain trade. 

In 1816, the number of entries and clearings of foreign 
and British ships engaged in the foreign trade was, at 
Liverpool, exactly one- the corresponding amount in 
London ; the same held good as re tonnage ; but, in 
1830, we have this remarkable fact, that although the 
number of entries and clearings held nearly the same ratio 
as before, the aggregate tonnage at Liverpool within 
27,000, equalled that of London, showing how great h 
been the increase in the size of vessels engaged in the 
foreign trade at Liverpool as compared with London. The 
greater number of ocean-going steamers from Liverpool 
would also affect the result. Last year, the aggregate 
foreign tonnage of Liverpool was somewhat under nine 
millions, and of London over nine and a half millions. In 
1850, three and a half million tons of sea-borne coals were 
brought into London, compared with eighty-four thousand 
by canal and railway ; in 1871, only two and three quarter 
million of sea-borne, as compared with nearly four and a 
half million inland ; showing, that although the sea-borne 
coal has greatly diminished, there is an enormous increase 
by land, mainly by railway. 

These tonnage results » er how much constantly in- 
creasing accommodation is required, but to say that the 
river improvements cannot be very tly extended would 
be to take a narrow view. The pe engine is the 
requisite agent, and doubtless the tide will maintain a 
much \deeper channel than the minimum water over 
still existing shoals. This work is being actively pro- 
secuted, but from the fact that only such material as was 
saleable was dredged for formerly, a large arrear of work 
fell to the present authorities. 

Liverpool, due to her contiguity to the chief seats of 
manufacture, also, inalarge degree, to the spirit of enter- 

rise characteristic of her merchants, took the initiative 
in constructing docks, connected them first with railways, 
and preceded her sister port in lighting the lower reaches 
of her river, and in immensely developing her resources. 

It may be said that the contiguity of Liverpool to Man- 
chester is the whole secret of her success, 8 it may be 
asked whether the spirit of enterprise which especially dis- 
tinguishes her, has not something to do with it. English- 
men are fond of their rights, and, as we shall see from old 
Griffiths, the Thames has been made the arena for much dis- 
putatious —_—— between kings, archbishops, lord high 

irals, lord mayors, aldermen,andcommon meine 

was the proud boast of the Committee of 1796 that the foreign 
tonnage and size of her ships had been doubled in the port 
of London in a century. Could it be a similar boast of a 
Committee, sitting at the end of the nineteenth century, 
that London had done all in her power for the development 
of her wonderful natural facilities? Possessing only the 
small Greenland Dock in Rotherhithe, and Perry’s still 
smaller dock at Blackwall, in 1796, she has ever taken a 
contracted view of her interests, for it was only when com- 
pelled by overpowering circumstances, in the crowded state 
of her river, and the losses her merchants sustained, when 
their vessels lay out in the stream in tiers, that, after hard 
fights, London consented to imitate Liv 1, though she 
would not do so in allowing graving docks to be form 
in public establishments ; such an attempt has, during the 
—— century, up to within a very short puted. been 
rustrated. It is to be hoped, with a Conservancy Board 
representing the interests that formerly struggled for ex- 
clusive rights, that what is so great a desideratum, namely, 
an equable and duly increasing low-water channel from 
Teddington to Gravesend, if not above the former place, 


vessel | check the werent tidal 
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ed | describes the sewer of his day: 





may be obtained. When it is considered that from Gra 
end to Purfleet there is a _of 

30 ft. at low water, thence to below ham 
posted ae Pa poe 2g Bride to 15 ft., and up 

ge ly ; on Bridge, it appears an 

that shoals, up to within a po aide: recent peri 
should have been allowed to encumber the navigation, and 
ck t wave, that would otherwise tend to 
maintain a r by its more free advent. 

_ Whilst the origin of the embankments of the lower reaches 
is involved in obscurity, the condition of the upper reaches, 
hemmed in by the increasing metropolis, been very 
little improved, notwiths the multitude of sugges- 


tions to ameliorate a state of things that had become, from | i 


the number of questions involved, more and more difficult to 
deal with each s' ing year. Great c resulted 
from the removal of old London Bridge, which, for more 
than six centuries, formed a partial weir, altering t 


natural condition above, locking up the water, and allow- 


ing a certain amount to run off at low water, when at 
neaps was a fall of water of 2 ft. and at springs of 
4 ft.4in., which, during floods with a low spring ebb, 


amounted to 6 ft. We had striking record of this in a 
depth of 36 ft. at low water below the site of the old bridge ; 
the resultant of this waterfall now diminished by — 
to 15 ft. At high water of neap tides the difference in level 
above and below the bridge was not ible, but during 
springs the water flowed vertically 8 in. hi below the 
bridge than above. The resultant effects from the removal 
of old London Bridge were that littoral mud-banks before 
- i oe A — ae aed and that br yate ” now a freer 
idal range above , and consequent great scour. 

The capacity of the river for commerce is illustrated b 
the tidal range ; it forms the great outfall for the rainf 
from the London basin and the metropolitan area ; thirdly 
it mainly supplies London with water ; and, lastly, ab 
and overtasked as it is, in addition to proving the source of 
the wealth of the metropolis, it also forms its chief orna- 


h | ment, and, from the tidal oscillation, its great sanitary 


agent. 

Gwynn, in 1766, in his ‘‘ London and Westminster Im- 
proved,’’ speaks thus of the river banks of his day, not in- 
appropriate to portions of the river of our time: “‘ A city 
of trade and commerce, situated on the banks of so noble a 
river as the Thames ; the wharfs and quays on its banks 
are despicable and inconvenient beyond conception, and it 
is utterly impossible that a worse use could have been made 
of so beneficial, as well as ornamental, a part of this city.’’ 

The other altered condition of the river was, that what 
under the old statutes of sewers was illegal, consequent on 
the introduction of a more plentiful water supply; and 
modern appliances, became legalised ; the cesspoo been 
abolished, the night-cart and lay-stall became extinct 
within the urban boundary, and the sewers, originally only 


ad | laid out to carry off the rainfall, had become extended in 


their ramifications as well as uses. The river had become 
the general recipient or open cesspool, and the results, as 
evolved by the high temperature of the summer and autumn 
of 1858, were only too patent. Gas, usually latent, escaped 
under this atmospheric condition, had free range, an 
sufficiently testified to the polluted condition of the ‘‘ silver’’ 
Thames; and the apparent anomaly presented itself, that 
at high water the stench was.more overpowering than at 


low water, the very converse of what is us the case. 
When the marginal mud-banks were most ex the smell 
was least, when covered the exhalations were most 


oppressive, indicating that the much-abused mud-banks had 
little to do with the mattter, they, in effect, being mainly 
resultants accumulating for centuries, the active agents 
for evil being contained in the water, which at low water, 
coming from the up country, is comparatively pure, whilst 
the infected water, which had received the diurnal disc 

of sewage, was penned back by the returning tide, and it 
was a common remark by the men working the steamboats, 
in answer to the observation that the river auneyeed im- 
proved at low water, ‘Oh, we shall have it as as ever 
on the flood.” 

The pollution of the Thames by sewage led, after numerous 
Parliamentary inquiries, to the metropolitan water com- 
panies obtaining their supplies from higher, more distant, 
and purer sources ; and the main drai works on either 
side of the river will, it has been hoped, convey the sewage 
so low down as to render it innocuous as the 
metropolis. Their extension further seaward will possibly 
be involved hereafter, or the raw sewage will have to be 
dealt with by precipitation, filtration, or otherwise, before 
flowing into the river. This question is in itself so large, 
and one on which those who have devoted special attention 
to the subject differ so widely, that no more can 
attempted now than to direct attention to the fact that the 
vast tracts of marshes, saltings, and estuary foreshore 
sands, afford ample field for the filtering or ifying of 
the raw sewage before it is turned into the Thames, apart 
altogether from the question whether such an application 
may be made remunerative or not. As the towns on the 
upper river are to be prevented from draining into the 
stream, without such precautionary measures, it would 


appear a glaring anomaly if the metropolis were to continue | been 


to convert the great gad of the river into its cloaca, 
mawima, to which result the report of Captain Calver to 


the Thames Conservancy would appear to point. 
is, in his work, “‘ The Reading of that Famous and 
Learned Gentleman, Robert Callis, Esq., Serj t-law, 


upon the Statute of Henry VIII., cap. 5, of Sewers, as it 
was delivered by him at Gray’s-Inn in August, 1622,” thus 
**The sewer is a fresh- 
water trench, compassed in on both sides with a bank, and 
is a small current, or little river.’’ 

The sewers draining the metropolitan area were formerly 
presided over by commissioners acting for districts, under 
statutes of Henry VIII., treated of by Callis, as the 
marsh-lands are at the present time. The results attendant 
upon the reversal of the policy of our forefathers we have 


he A prove that the Jurisdiction an 
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be | Lord 





19 
had ; and, whereas in their time it was ill to form house 
connexions with sewers, it is now i to build a house 
without making in 
sewers which, in Callis’s time 
ree ne eay beri end as 
the double duty forced on them of house as well 


P 
Thames, and im: a fine for sweeping ‘‘ 1 
into the c ls This Act regulated the use of lay- 
stalls and dung-boats. 
In illustration of the condition of the river, 
Roger Griffiths, the water-bai 


pete af om i “An Essay 


ver Thames, &c., is committed to the Lord Mayor and 
City of London, &c.”’ (Lond., 1746), describes the object of 
his work as being ‘‘ to set forth the beauty and value which 
cutout of He navigation endl iipping, the auessaprtt Gobaas 
its navigation an y n ‘orms 
for seamen, and that ees tor ing we have in its 
fishery,’’ and says lovingly, “it far ex all other rivers 
in the known world ;”’ “should not,’’ he sppealingly says 
** such a river be therefore at of me from all obs and 
that may occur either to its navigati mn or fishery ?”’ 
guinlinn cf tintecly pend aly’ Mave always “ooked 
ve 00!) 
upon this noble jariediction as one of their greatest honours, 
and have often shown, by enacting new orders, not only 
their care wo nd og oe aa ae oor much oy 
regarded so great a trust as the prosperit na ion 
and fishery.” He adds that in olden time the City had 
resisted any encroachment on their jurisdiction, not only 
of t poking persons, but “‘ archbishops, lord high admirals, 
Wi ive aed aay Sooeptiona irregalariti 
e and any ex ranges or es, 
have naturally, from a very early date, attracted attention. 
be a ot mg —_ , — oe ae other 
old writers, and in Gough’s “‘ To phy’’ we a r 
that was published at the time of the occurrence, Fildy, 
February 4th, 1641, called, ‘‘ A Strange Wonder, or t 
Citie’s Amazement,’’ caused by two tides flowing at London 
Bridge within 'an hour and a half. Variations in the regular 
flow and reflux, and the rare double tides, are caused by 
gales of wind; these and any extraordi elevation of 
tide, on account of the disastrous effects they produced, 
naturally excited attention, and are matters of history. In 
the ‘‘ Philosophical Transactions of the Royal Society,’’ 
1756, is a paper on the os of the tides at Cha 
ham, Sheerness, Woolwich, and Deptford, in February, 
1756, communicated by the Right Hon. George Lord Anson, 
in which is shown the great variation in range, caused by 
a shifting of wind and gales. 
(To be continued.) 





ad} AvusTRIAN RaiLwars.—The aggregate extent of railway 


in apeeies in Austria and Hungary in March, 1878, was 
11,120 miles, as compared with 10, miles in March, 
1877. The aggregate revenue collected in the first quarter 
of this year was 4,318,8981., as compared with 4,193,9751. 


in the corresponding period of 1877. 





Victoria (PHILOSOPHICAL) INsTITUTE.—A meeting 
of this society was held on Monday » at its house, 
7, Adelphi-terrace. Amon veral 
eee Then Conta read by Mr. J. Th 

on “ Physi y’” was . J. Thorn- 
Harrison, M. Inst. C.E., in which he gave a descri 
tion of the various changes which had taken place in the 
position of the earth which had tended to produce its 
present state. A discussion ensued, in which several took 


part. 


ImporTANT Decision IN Patent Law.—A petition 
was heard before the Lord Chancellor on the 15th inst., 
which had it not been decided in favour of the petitioner 
would have established a most dangerous ent in 
patent practice. The case was as follows: Messrs. Pullan 
avd others on the 24th of October, 1876, obtained a patent 
for improvements in locomotive engines, &c., No. 4123. In 
January, 1878, nine months after filing their final specifica- 
tion, they alleged to have discovered that some drawings 
had been omitted from their specification, and they, 
ngh their agents, on ex parte affidavits obtained the 

hancellor’s permission to attach additional drawings 
to their specification on the grounds of some neglect or in- 
advertence, and that they were the identi drawings 
intended to have been lodged therewith. During this 
interval of nine months Mr. Crickmer had obtained and 
filed the final specification of a patent for improvements in 
cocks and taps, dated March 13, 1877, No. 1001. At the 
Christmas icultural Show and at other places ious 
in 1877, articles made in accordance with this invention had 
exhibited. Mr. Crickmer was threatened with an 
action for infringement by Messrs. Pullan, but on referring 
to their specification found nothing to interfere with his 
invention. A second time he was  Beathomen and on again 
prow oon, her ad specification he discovered that additional 





dra been attached thereto by permission of the 
Lord cellor. Mr. Crickmer oonng that these additional 
drawings embodied his invention, and that they were not 


described in their 5 
of his agents, petitioned the Lord Chancellor to rehear the 
matter. Affidavits were filed on both sides, and the hearing 
was set down for the 15th inst. Eminent we 


ere 

, and his lordship, after ing the facts on the 

itioner’s behalf, immediately his former per- 

mission, and ordered the drawi in question to be 
cancelled from Messrs. Pullan’s specification with costs, 


pecification, at once, by the advice 
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BYRNE’S COMPOUND-PLATE BATTERY. 


We have on several occasions lately referred to 
the voltaic battery devised by Dr, Byrne, of 
Brooklyn, New York, which has been introduced 
to this country by Mr. Henry Edmunds, Jun., and 
which has on account of one of its special forms 
been generally known as the pneumatic battery. 
The special feature of this battery, which we 
illustrate below, consists in the negative plate which 
instead of being of one material is constructed of 
three different metals soldered together. The surface 
exposed to the exciting solution and opposed to the 
positive or zinc plate is platinum ; this platinum is 
backed by and soldered to a plate of sheet lead, behind 
this again is a plate of copper backed by another’sheet 
of lead or rather by a fold of the first lead plate 
doubled on to the back of the copper. The outside 
or back surface of this second layer of lead is coated 








with asphaltum varnish. The arrangement will be 
understood by reference to Fig. 2, which represents 
a vertical cross section of the compound negative 
plate in which the thicknesses of its laminez are 
greatly exaggerated in order to show its construc- 
tion. It will be seen that the copper plate is com- 
pletely enveloped by the lead, and this is as true of 
its edges as it is of its face, so that the copper core 
is in no place exposed to the exciting solution of the 
battery. The whole thickness of the compound 
plate does not exceed one eighth of an inch, the lead 
is of a thickness that weighs only eight ounces to 
the square foot, and the thickness of the platinum 
in some of Dr. Byrne’s later batteries is not greater 
than one two-thousandth of aninch, Each cell con- 
tains a central zinc plate placed between two of the 
compound plates just described, see Fig. 4, the dis- 
position of the plates being somewhat similar to 
that adopted in the battery devised by the late Dr. 
Wollaston. 

The exciting solution is almost the same as that 
used in the ordinary bichromate or Poggendorff 
battery, consisting of 5 oz. of potassium bichromate 
dissolved in 5 pints of boiling water, to which is 
slowly added whet cold 1 pint of strong sulphuric 
acic. 

In the pneumatic form of the compound-plate 
battery the exciting solution is kept in a state of 
mechanical agitation by air being pumped into the 
cells through an ebonite tube leading from each 
cell-cover to the bottom of the cell, where it turns 
at right angles, so as to lie in a horizontal position 
underneath and in a line with the central zinc 
= and between the compound plates. The 

orizontal portion of this tube is perforated by two 
rows of small holes, one on each side of the middle 
line of its upper surface, and through these holes 
when the apparatus is in action, jets of air are 
injected into the cel], which rising in the form of 
bubbles between the plates, keep the solution in 
violent agitation, washing off from the plates 
bubbles of hydrogen which otherwise would collect, 
and insuring fresh fluid being continually brought 
into contact with the plates. The air-tube, the 
position of which is shown in Figs. 3 and 4, ter- 
minates above the coverin a nozzle to ‘which is 
attached a vulcanised tube leading to @ small hand 
syringe or bellows. 4) 
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The effect of pumping in air is most remarkable, 
the strength of the current increases rapidly and at 
the same time there is an enormous rise of the tem- 
perature of the cell, so much so that if the action be 
—, long enough the solution will begin to 
boil. 

In illustration of a paper read before the Physical 
Society, and which we printed in extenso in our last 
issue,* two forms of Dr, Byrne’s apparatus were ex- 
hibited. One for cauterising and other medical pur- 
rearg which we illustrate in Fig. 1, isa battery of 

our cells covered by a plate of ebonite, from which 
are suspended the plates and to which are attached the 
outside terminals and commutators by which the 
battery may be coupled up either in series or other- 
wise, as well as the attachments for the tubes lead- 
ing to the blowing apparatus. Rising from the 
edges of the box in which the battery is contained 
are two vertical pillars supporting a horizontal cross- 


piece, through the middle of which passes a vertical 
rod by which the ebonite cover-plate may be raised 
and the plates lifted out of their solution. Although 
the whole apparatus is contained in a box which 
measures 7 in. by 4 in. by 6 in. deep, it is capable 
when air is being pumped in of illuminatinga small 
electric lamp and of heating eight inches of 
—— wire (No. 18 B.W.G.) to incandescence, 

efore the air is turned on there is but slight heat- 
ing effect upon the platinum wire, but as the bellows 
are worked the temperature of the wire gradually 
and rapidly rises to a brilliant red heat, and slowly 
cools again when the air injection is cut off. The 
cauterising apparatus is a surgical instrument con- 
structed of some insulating material, and carrying 
at its extremity either a loop or a straight piece of 
platinum in the form of wire or of a flat band 
according to the requirements of the case, which by 
being brought into the circuit of the battery by 
means of insulated conductors passing down the 
stem of the instrument can be made to become red 
hot at any moment at will, and the cauterising 
operation performed. 

Both the battery last described and the larger 
form of apparatus for showing more powerful 
effects were constructed by Mr. Ladd, who exhibited 
them again at the conversazione of the Royal 
Society, on which occasion the larger battery con- 
sisting of ten cells was shown in action, and heated 
to incandescence no less than 36 in. of stout platinum 
wire (No. 14 B. W.G.), and was capable of de- 
composing acidulated water at the rate of producing 
16 cubic inches of gas per minute. This battery 
has been tried with Mr. Spottiswoode’s 18 in. induc- 
tion coil, which it was — of charging to its 
fullest extent, giving sparks in air 18 in. in length 
while the air was being pumped in, but which fell 
to 8 in. when the air supply was cut off. 

We hear that Dr. tye has recently brought 
out in the United States a very sicsesatel : modifies- 
tion of his compound plate battery for driving ma- 
chinery by means of electro-magnetic engines, as 
well as for electro-plating and other c 
purposes. In this arrangement, to which he has 
given the name of the Motor battery, there are only 
two plates to each cell, that is to say one compound 





plate and one of zine, and the exciting solution em- 
egg is sulphuric acid diluted with nine times its 

of water. In this battery, as the blowing 
apparatus is dispensed with, the platinum face of the 
compound plate is — (like the silver foil in 
Smee’s battery), adherent hydrogen being got rid 
of in that way. 

Dr. Byrne states that eight cells of this battery 
are sufficient to drive a Singer sewing machine, at a 
cost of two cents for an ordinary day’s work of a 
seamstress. We should like to know how these 
figures have been arrived at and what is included 
and what excluded in the cost, If the sum of two 
cents includes not only the supply of exciting solu- 
tion but the consumption of zinc to the eight cells, 
this compound plate battery is not only the most 
powerful but the most economical attery in 
existence, and must in that case become largely 
employed in this country as well asin the United 
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States, for at present the only drawback to the 
general adoption of electricity as a motive power, 
at least for small requirements, is the cost of main- 
tenance of generators of electricity. We are in- 
formed also that for plating p four cells of 
Dr. Byrne’s motor battery containing plates of 
20 square inches of surface —that is to say measuring 
5 ta by 4 in.—did more work then six cells of Smee’s 
battery with plates having a surface of 60 square 
inches. Mr. ae Edmunds, Jun., of 57, Grace- 
church-street is, we may mention, introducing Dr. 
Byrne’s patent in this country. 

With regard to the theory of the action of this 
interesting battery there are several very different 
opinions with reference both to the influence of the 
compound nature of the negative plate which is the 
essential portion of the invention, and to the effect 
of the air injection. > 

A long series of experiments has shown most con- 
vincingly that the compound plate plays an im- 
portant part in the working of the battery, for no 
other negative plate that has been tried has pro- 
duced even approximate results. As both the copper 
and the lead are completely covered up and pro- 
tected from all action in the battery it is impossible 
to conceive their having any electrical influence 
except that of diminishing the resistance of the 
negative plate by supplementing the low con- 
ductivity of the platinum by the high conductivity 
of copper. There can be no doubt, however, not- 
withstanding the low conductivity of the interme- 
diate lead that the resistance of the plate is con- 
siderably reduced by its peculiar construction, and 
by Ohm’s law it is of course impossible to dimivish 
the resistance in an electrical circuit without in- 
creasing the current. 

Mr. W. H. Preece, C.E., the electrician to the 
Post Office, who has been putting this battery to a 
severe questioning, is of the opinion that the greatly 
increased current is due partly to the diminution 
of resistance in the compound plate, ete toa 
second diminution of resistance in the liquid itself 
caused by the passing of the air through it, and 
one to the production of heat which, by modify- 

g the chemical affinity between the molecules of 
the solution, reduces its resistance. Mr. Preece’s 
experiments lead him to the belief that the action 
of the air is measly and directly mechanical, 
and indirectly dvemical, or by mechanical agitation it 
removes adherent hydrogen from the negative plate, 
as well as the chrome alum which is formed there, 
and by causing a circulation in the liquid it brings 
fresh acid into contact with the zinc, thereby assist- 
ing its consumption, and by the generation of heat 
it reduees the resistance of the solution, and again 





* See ENGINEERING, page 417 ante. 


aids the acid in dissolving the zinc, 
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To find out the true theory of Dr. Byrne’s bat- 
tery which will satisfy all the conditions and results, 
is a problem of no small difficulty and complication, 
and is well worthy the attention of physicists and 
electricians, There are so many points to be con- 
sidered, the effects of which must be separated the 
one from the other, that it can only be bya very ex- 
haustive series of experiments and careful study 
that the question of the action of this interest- 
ing voltaic combination can be correctly under- 
stood. The series of experiments made by Mr. 
Preece and recorded in the paper to which we have 
referred, are highly interesting and important ; and 
for their scientific sequence, as well as for the philo- 
sophical reasoning with which they were devised, 
they form an elegant example of how such an in- 
quiry ought to be conducted. 

In an article upon Dr. Byrne's battery—in which 
the battery is not only incorrectly described, but 
illustrated by a wood-cut altogether erroneous—our 
contemporary The Engineer feels agrieved that Mr. 
Preece in his experiments has entirely ignored all 
‘* our preconceived notions of fundamental chemical 
action.” What the writer’s ‘‘ preconceived notions 
of fundamental chemical action” are, however, he 
does not condescend to explain to the reader, nor 
does he offer any suggestion as to the probable 
action of the battery which he professes to de- 
scribe; but he appears anxious to persuade the 
readers of The Engineer that Mr. Preece is hasty 
and unscientific in his statements, and what is 
perhaps more true, that he knows very little indeed 
about the extraordinary battery which is figured 
and described in oar contemporary. 

If the writer of the article to which we refer 
will read Mr. Preece’s paper, which he will find in 
our last week’s issue, a good deal of the fog with 
which he appears to be enveloped both with regard 
to the battery itself, and to Mr. Preece’s explana- 
tion of it will be cleared away. He will there find 
that with regard to the air jet Mr. Preece inno way 
* insisted that the increase of action-was not due 
to chemical but to mechanical action,” but that, on 
the contrary, he speaks uf the mechanical action of 
the air as assisting the chemical actions within the 
cell by promoting the consumption of the zinc and 
by ing fresh solution continually into chemical 
contact with the plates. Surely jthis action is pri- 
marily and cme | mechanical, and secondarily and 
indirectly chemical, and in no part of Mr. Preece’s 
remarks can be found any statements which ignore 
this indirect chemical action of the blast, although 
we are fully pre: to believe that there may be 
many which will upset the writer’s preconceived 
notions, not only of fundamental chemical action, 
bat of the battery itself. The effect of injecting air 
into the cell is very similar to that of stirring a cup 
of tea with a spoon whereby the su is more 
rapidly dissolved, and we cannot think that even 
The op would describe that process of stirring 
as anything but mechanical, although its immediate 
result would be an increase of chemical action. 

In conclusion, we cannot help reminding our con- 
temporary that it is consi advisable to ascer- 
tain what are an author’s views before denouncing 
them as erroneous, as well as to learn something 
of the construction of an instrument before figuring 
and describing it. 





Amurican Parents.—The United States Commissioner 
of Patents has had printed in one volume the decisions of 
the United States courts in patent cases, and of the Com- 
missioner of Patents, with indices. 


Frencu WORKMEN AND THE Paris EXHIBITION.—The 
Eastern of France Railway Company has decided to make 
a reduction of 50 per cent. in the price of tickets issued to 
workmen sent to the Paris Exhibition by Chambers of 
Commerce, special committees, and industrials. 


Tae Dom Prpro Il. Ratuwar.—The Emperor and 
of Brazil recently made an excursion into Minas 











AMERICAN IRON AND STEEL WORKS. 
By A. L. Hotiey anp Lenox Smirn. 


No. XXV.—Tue Campria Iron AND STEEL WORKS. 

Turse works have by gradual enlargement and 
acquisitions grown to be the most extensive of their 
kind in the United States. They consist of a large coal 
and iron mining plant, ten blast furnaces, Bessemer 
steel works, extensive mills for puddling and for 
rolling iron and steel rails of all weights and 
patterns, and many special forms of both iron and 
steel, including 8 wire; machine-shops, smith 
shops, foundry, and other mechanical accessories, 
besides many important collateral industries. 

The principal location of the works is at Johns- 
town, Cambria County, Pennsylvania, at the base of 
the western slope of the Allegheny Mountains 
(1184 ft, above the mean tide of the Atlantic Ocean), 
on the main line of the Pennsylvania Railroad, 
78 miles east of the iron manufacturing centre of 
Pittsburgh. The works at Johnstown extend over 
60 acres of land, the rolling mills covering 7 acres. 

The lands owned by the company in the counties 
of Cambria, Indiana, Westmoreland, Somerset, 
Bedford, Blair, and Huntingdon, aggregate 46,403 
acres, of which 41,000 acres contain coal or iron, or 
both. The mining operations are conducted in the 
counties of Cambria, Blair, Huntingdon, and 
Bedford, and smelting operations in Cambria County, 
where the company has six blast furnaces, and in 
Blair County, where it has four blast furnaces. 

The property is everywhere traversed by railway 
lines ; the company owns and operates over 56 milesof 
standard (4 ft. 84 in.) and narrow (36 in.) gauge rail- 
road, upwards of 22 miles of which is underground. 
The transportation of the coal and ores from the mines 
to the blast furnaces and mills, and of the pig metal 
and crude and finished products to the various 
parts of the works as required, is done by locomo- 
tives, of which the company owns and works thirteen, 
varying from the largest ordinary type of 37 ton 
standard gauge down to the 6 ton narrow gauge 
stackless locomotives (to run in coal mines). It also 
has in service about 700 standard gauge cars for 
carrying coal, coke, ore, and limestone, and about 
1000 narrow gauge cars for transporting ore and 


coal. 

The products of the works are distributed by the 
Pennsylvania Railroad, and the extensive con- 
nexions controlled by it, the markets. of the’ east, 
west, and north-west being thus reached directly; 
those of the south-west, including the extensive 
territory commanded by the navigation of the lower 
Mississippi, are reached by the slack water naviga- 
tion of the Ohio river from Pittsburgh. 

The occurrence of iron ores in great variety and 
extent in the coal measures at Johnstown, and in 
its vicinity, attracted attention to the region asa 
promising seat of iron manufacture at.an early 
period, and the working of the ores of Cambria 
County was —_ as early as 1809, by the erection 
of a “<¢ at Johnstown, which subsequently was 
removed to the Conemaugh river, where it was 
operated until about 1825, after which it stood -for 
many years, but was not used. 

The Cambria Iron Company was organised under 
the General Iron Manufacturing Law of Pennsyl- 
vania, and its first charter was obtained in 1852, at 
which time the property consisted of valuable and 
extensive tracts of mineral and timber land, and a 
number of blast furnaces of rather primitive con- 
struction, situated at considerable di ces from 
each other. In 1853, the construction of four 
coke furnaces was commenced at Johnstown, but 
notwithstanding the great natural advantages 
afforded by the situation, the operations of the 
company were not successfully conducted. In 
1855, the works having suspended, were leased to 
Messrs. Wood, Morrell, and Company, who had 
become creditors of the old company. At this time 
but oy = — ne oe at Johnstown was 
completed and in blast, the others being partl 
finished. The rolling mill was nearly finished, it 
had a weekly capacity of about 150 tons of iron 
rails. It was burned in 1857, and at once. rebuilt, 


-| and the lessees pend pasew abandoned work- 


ing the isolated furnaces which proved un- 


.| profitable, completed the coke furnaces at Johns- 


town, and during the seven years duration of the 
lease, they developed the resources of the property, 
increased the capacity of the rolling mill to over 
600 tons of iron rails per week (since doubled), 
made many important improvements, and succeeded 


in establishing an extensive and profitable business. | pany 


In 1862, on the termination of the lease, the 


Cambria Iron Company was reorganised, andjthe 
business has since that time been conducted in its 
name. In 1868 the blast furnace at Conemaugh, 
two miles east of Johnstown, was purchased, and 
about the same time, under the name of the Blair 
Iron and Coal Company, four furnaces east of the 
Allegheny Mountain were purchased; one located 
at Bennington, on the summit of the mountain, at 
the crossing of the Pennsylvania Railroad, one at 
Frankstown, 50 miles east of Johnstown, and two 
at Hallidaysburgh, 30 miles south of Altoona. 

In 1869 the erection of the Bessemer steel works 
was commenced, and at about the same time the 
valuable ore banks of Springfield and Henrietta were 
purchased. In 1872 a large part of the rolling 
mills was destroyed a second time by fire, but such 
were the resources of the company, the prompt 
energy of the management, and the co-operation of 
the employers, that within one week after the fire, 
the machinery was again in operation under tem- 
porary shelter, which was replaced by permanent 
brick and iron fireproof buildings, without stopping 
the manufacture. The Bessemer steel works 
commenced operations in 1872, and in 1873 the 
construction of the blast furnace, No. 5, was com- 
menced at Johnstown, although it was not put in 
blast until 1876. At the time of first building the 
works at Johnstown the population of the town 
was about 2000. At the present time it contains, 
with its four adjacent boroughs, about 17,000 in- 
habitants. 

An important feature of the organisation of the 
Cambria Iron Company consists in the extensive 
collateral industries which it has established and 
developed. At Woodvale, a short distance east of 
Johnstown, on the Pennsylvania Railroad, is located 
the Woodvale Woollen Mill, which has twelve sets 
of cards and a monthly capacity of 50,000 yards of 
finished kerseymeres, the product being chiefly sold 
in eastern markets. This mill largely employs the 
labour of the women of the families of operatives 
in the iron and steel mills. The Woodvale Flour- 
ing Mills are also situated here, and have a capacity 
of 100 barrels of flour per day. Another flouring 
mill is situated at Hallidaysburgh with a daily 
capacity of 40 barrels of flour. 

he firm of Wood, Morrell, and Co. was not dis- 
solved when the Cambria Iron Company was re- 
organised, but continued in business, It has a 
large store at Johnstown divided into seven de- 
partments, each of which is entirely distinct and 
conducted as a separate organisation. The depart- 
ments include dry goods of all descriptions, millinery, 
clothing, furnishing goods, boots, and shoes, 
groceries, provisions, and meat and vegetable 
markets. ‘This store has about 5000 customers and 
upwards of 4000 book accounts, and it transacts an 
annual business of upwards of 1,000,000 dols, 


‘This firm also has stores at Hallidaysburgh, Ben- 
‘nington, Springfield, Frankstown, and Henrietta. 


It has also an abattoir at Johnstown, in which 18 

or. 20 head of heavy western cattle and 75 to 100 

head of hogs, sheep, and calves are slaughtered per 

— A smaller abattoir is situated at Hallidays- 
urgh. 

Among other industries and enterprises which the 
company owns, or in which it has a large or con- 
trolling interest, may be mentioned the brick works, 
which have a capacity of 25,000 machine-made red 
bricks per day, also gas works and water works ; 
the latter supply, from a point ten miles distant, the 
water which is used for drinking purposes in 
the town, and for boilers, feeding the hydraulic 
motors, &c., in the works. This water supply is a 
much needed safeguard against fire. 

The enlightened management of the Cambria 
Iron and Steel Works has taken every means of im- 
proving the condition of the labourers and workmen 
employed. As evidence of this it may be mentioned 
that there are schools, libraries, and benefit societies 
established under the company’s supervision. A 
surgeon is employed to attend to all ms injured 
by accidents in or about the mines and works. 
The workmen are encouraged to build their own 
houses; upon application a lot is made over by 
the company, and the necessary materials are 
furnished for building; payment is deducted in 


‘small sums from the wages of the applicant until 


the debt is liquidated. 

The Cambria Iron Company is entirely indepen- 
dent of unions. After the strike of 1874, when the 
works were stopped for some six weeks, a special 
police force was organised to protect the com- 
‘s men, and a rule was made, and is strictly 





adhered to, that any person belonging to any secret 
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association or open combination, whose aim is to 
control wages, or stop the works or any part 
thereof, shall be promptly and finally discharged. 
It is notable in this connexion that during the 
strike and labour riots at Pittsburgh and else- 
where in the summer of 1877, there was no strike 
among the workmen employed by the Cambria Iron 
Company. The number of men employed in the 
various departments of the works is as follows: 


Mines and coke yards 350 
Blast furnaces... ite 400 
Bessemer steel works 375 
Rolling mills “ 1000 
Shops ... eb aap eee es 550 
The Blair Iron and Coal Company 900 
Wood, Morrell, and Company is 500 

Total ... 4075 


The mines, blast furnaces, and various departments 
of the iron and steel works will be described in 
succeeding articles, which will be fully illustrated 
by engravings of the more interesting and important 
features. 








EXPLOSIVES AT THE PARIS 
. EXHIBITION.—No. I. 


One of the most important exhibits of explosives 
at the Paris Exhibition is that made by the Dyna- 
mite Manufacturing Company, of Paris and Paulilles. 
This company is established on a large scale, with a 
working capital of three millions of francs; its 
director is M. L. Roux, its works are situated in 
Paulille (Pyrénées Orientales), and its head offices 
are located at 17, Rue’d’Aumale, Paris. Its collec- 
tion in the Champ de Mars may be thus summarised, 
it being premised that, according to the rules of the 
Exhibition Administration, explosive substances are 
only represented by — or by harmless sub- 
stances made to imitate them. 

1. Materials Employed.—Refined glycerine, kiesel- 
guhr raw and finished, cellulose, soluble cotton. 2. 
Manufactured Materials.—Nitro-glycerine, dynamite, 
various kinds of cartridges, compressed dynamite, 
parchment paper, boxes, bags, and packing cases. 
3. Mode of Employing Dynamite. — Cartridges fur- 
nished with safety matches; cartridges; exhibit illus- 
trative of its use in water; cartridges fitted with 
electric fuzes, firing groups of blasts simultaneously. 
4. Accessories. — Packed cartridges single, double, 
triple, and extra powerful ; electric fuzes, wires, and 
exploders, thawing apparatus, wire carriers. 5. Ez- 
hibits Hung on the Wall.—Drawings of the Paulille 
Works, drawings of the Frioul Works (the Morgeret 
Quarries), and comparative diagrams of various ex- 
plosives; diagrams of the Corbére Mine, 6. 
variety of publications on explosives. 

The rules which govern the Paulille Works are 
of the most minute and detailed — pro- 
viding as far as possible against accident in the 
course of manufacture or of storage. As a matter 
of course the first rule of this code is that impressing 
the most implicit obedience upon the men employed, 
and requiring that all inspectors and foremen should 
report any breach of the rules to the managers, 
Workmen are not allowed to enter any part of the 
works excepting that in which their actual work 
lies, and such parts are closed to them until the 
established time of opening ; while once there they 
are not able to leave without permission, The works 
are opened and closed at fixed hours varying with 
the seasons, and determined by the director. Within 
half an hour after the time of closing, every work- 
shop, shed, and stores belonging to the establish- 
ment has to be vacated. The director and manager 
are required to be at their posts at least half an hour 
before the time of opening, and to them alone is 
intrusted the responsibility of closing all the doors 
of the works. The foremen and inspectors are re- 
quired before opening and after shutting the works 
to make a careful visit of inspection to satisfy them- 
selves that everything is in proper condition ; the 
thermometer must register at least 12 deg. Centi- 
grade, and all material and apparatus must be main- 
tained in the most perfect condition. In the event 
of any workman finding that an instrument or tool 
employed is out of order, he is not at liberty to repair 
or adjust it himself, but is required to report the 
matter to the chief of the repairing department, 
and, excepting the foremen and fitters, no person is 
allowed to have or use any instrument or apparatus 
of metal. Waste cotton, sponge, and: other refuse 
is in all cases given into the care of the manager, 
who decides what shall be done with them, and how 
or where they shall be destroyed.” It is strictly en- 


A.| except on the special order of the" 





joined upon the workmen that they shall prevent 
the tables and tools from becoming in the least 
degree soiled, and that no nitro-glycerine or dyna- 
mite shall be allowed to remain on them, Cartridges 
ec, naar or badly made are rejected, and the cases 
or boxes used to contain materials are never under 
any circumstances dragged along the floor or tables, 
but carried with the greatest care. It is almost 
needless to say that pow | penalties are imposed on 
workmen taking in matches, or any other material 
of an inflammatory or dangerous nature. Wine and 
spirits are also expressly forbidden. During heavy 
storms, work is entirely suspended unless so doing 
would involve any probable danger; in such a case 
the matter has to be referred to the director or 
manager. No raw or manufactured material may 
be carried out of the factory by the workmen under 
pain of imprisonment by the criminal tribunal. The 
clothing, &c., of all workmen and employés is 
carefully examined on entering and leaving the 
works, and in the more dangerous de ents the 
workmen are required to change their clothes and 
wear those — by the company. If any repairs 
have to be made in the works, all explosive material 
is removed before anything is done, and the chief of 
the department must satisfy himself of the safety of 
the place before the charges are commenced, No 
explosive material is allowed to be exposed to the 
air, but has to be carried into store every evening 
and properly protected. 

The workmen are paid monthly the amount due, 
the fines imposed being duly recorded; and any 
disputes are adjusted by the foreman of the depart- 
ment. The shop foreman has charge of the fire 
engine, and has to satisfy himself by actual trial 
every two weeks that it is in perfect working order. 
He has also to see that every room where nitro- 
glycerine or dynamite exists is supplied with a 
sufficient number of fire buckets kept full of cold 
water in summer and warm in winter, and that the 
pipe connexions with the reservoirs are all in work- 
ing order. Asample of nitro-glycerine is taken after 
each washing, which is superintended personally by 
the foremen, and no mixture with the other materials 
is permitted until it is clear that the nitro-gly- 
cerine is completely neutralised. Careful reports 
of each operation are kept by the foremen. The 
laboratory is only allowed to contain the specimens 
of the day’s working. Any samples of nitro-glycerine 
or other explosives are in a special maga- 
zine, ——— a losive but dynamite is allowed 
to be in ynamite magazines. | 

Bante, cartridges, and caps are placed in a special 
store, which is only by the: order of: the 
director. Visitors to the works are strictly forbidden 
general manager 
of the company, and they have to conform rigorously 
to all the precautions required. 

The cartridge factory has a separate code, the 
general clauses of which relating to the safety of the 
works are similar to those already given. Here too 
special care has to be given to the various ma- 
chines employed, and the foreman is ch with 
all adjustment and repairs which no workman is 
allowed to undertake. Not more than 120 lb, of 
dynamite is permitted to remain in the shop at a 
time, and the finished cartridges are removed in 
small quantities to the depét. 

Care has also to be taken that the dynamite is in 
a fit condition, neither too dry nor too wet, and if 
it presents any irregularity it is immediately re- 
moved, The foreman inspects the manufacture of 
the cartridges with the utmost care, and satisfies 
himself that the weight is always correct, and that 
the packing is properly executed, The cartridges 
must be perfectly clean on the outside, and quite 
free from any powder. Imperfect ones are im- 
mediately pon Rg and the workman is fined from 
50 centimes to one franc for each one.so destroyed. 
It is necessarily enjoined on the workmen that the 
machines must be 1d with the utmost care, 
that no blow or other shock comes on the d: ite, 
and that none of the powder is allowed to fall upon 
the floor of the shop. 

It isunnecessary todwellupon themany advantages 
which dynamite for blasting purposes, and 
its large employment in almost countries has 
rendered it familiar in mining industry ; indeed, it has 
for this purpose in some places practically replaced 

wder. Captain Kaygorodoff, of the Imperial 

ussian Navy, in writing recently of the Swedish 
powder mills of Oker, says, ‘‘ The manufacture of 
mining powder is almost ee on.account. of the 
general use of dynamite, which ts enormous 
advantages over powder for blasting purposes.” It 





is far more economical in its application, since its 
negative force is so much in excess of that of the 
older explosives. Thus a miner, during a day’s work, 
using ten shillings’ worth of dynamite, will have 
broken down double the quantity of rock than if he 
had used powder to the same value. From this 
property results the fact that to perform a given 
amount of work fewer hands may be employed, and 
an economy in time is effected, an immense advan- 
tage if a large capital is held in suspense until the 
completion of such works. Moreover, with ex- 
sang in its use the number of accidents has 
een very largely reduced. 

The economy gained by the use of dynamite is 
due to the following reasons: 1. The explosive 
material is much more violent than powder, and 
fewer blast holes have to be made for the former 
than the latter. 2. The density of dynamite being 
about double that of powder the holes can be made 
much smaller than for the latter. To a certain 
extent dynamite is unaffected by dampness, and 
there is no necessity for drying the holes, as when 
using powder. The explosion of dynamite by means 
of a cap being instantaneous, almost any kind of 
pose a suffices ; what is commonly used is sand or 
earth that may be close to hand, light-beaten over the 
cartridge. Powder charges of course require perfect 
tamping. Dynamite cannot be exploded with de- 
structive effect when it is ignited by the ordinary 
means, and this is the reason why it is so safe an 
explosive material. It is absolutely necessary to ignite 
it by detonation. Dynamite can, it is true, be ignited 
simply by concussion, but to produce this effect 
it is necessary that it should be faid thinly between 
two hard bodies. It is for this reason that tamping 
rods of wood, and not of iron, have always to be em- 
ployed. When made up into cartridges, and pro- 
perly packed, there appears to be little or no danger 
even if it is roughly treated. The experiment 
frequently been made of throwing a cast-iron weight 
of 2001b. from a height of 30ft. or 40 ft. upon a 
case of cartridges, without producing any other 
effect than to crush the box and its contents, 

One of the objections urged against the use of 
dynamite is that it is liable to decompose and be- 
come highly dangerous when stored. Such instances 
-have occurred when the material has been badly 
manufactured and the nitro-glycerine has separated 
from its base, but it would appear that in properly 
made dynamite such a decomposition is impossible. 
One of the chief drawbacks of the material is that 
it, hardens and freezes very easily, anil most of the 
accidents that have occured from its use have arisen 
from carelessness in thawing it,:such as placing it 
on or near a fire without removing the explodi 
cap. For this reason the utmost precautions have 
to be observed by.the»workmen in order that the 
frozen cartridge may be softened gradually. 

Dynamite and its — are 80 familiar at the 
present time, that the forégoing and some of the 
following observations may appear superfluous, but 
they will bear repetition in a comprehensive review 
of the subject suggested by the exhibits of Paulille 
and other manufactories, We may proceed briefly 
to consider the characteristics and varieties of the 
material as used in industry. Dynamite is a solid 
fatty body uced by the mixture of various 
substances with nitro-glycerine, At first this ex- 
plosive oil 'was used unmixed, but it was soon found 
that its employment was inconvenient and attended 
with such grave dangers that it had to be abandoned. 
After numerous accidents both in rt and 
use, it was found that it could only be employed 
when manufactured on the spot where it was re- 
quired. Its cost under these circumstances became, 
however, so high, that it was not until it had been 
mixed with a non-explosive base, and so rendered 
comparatively safe, that it could be used with 
advantage. 

Dynamite may be divided into two classes follow- 
ing the: nature of ‘the base with which the oil is 
mixed. The first is the — known as Nobel 
No. 1, in which the absorbent material is inert, and 
serves, therefore, only as a carrier for the oil. To 
produce a good quality of this kind of dynamite it 
is necessary that not only should the mixture be 
complete, but that the oil should be entirel; 
absorbed, so that no separation should be possib 
either from the movement consequent trans- 
port.or from long storage. ‘The success to this 
class has been due entirely to the _ selection 
of the base. The presence of latter, which 
forms 25 per cent. by weight of the whole mixture, 
reduces of course rer | age of the explosive, but 
the advantage gained by the production of a safe 
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substance, speedily caused it to replace pure nitro- 
glycerine for all practical p , 

The second class consists of dynamite containing 
an active base, and this consists of a mixture of 
powder and nitroglycerine. Ordinary blasting 
powder would give, however, in all respects only 
an indifferent result, whether as regards power, 
cost, or safety, By using other combinations, how- 
ever, a mixture was obtained which left little to be 
desired. The class now most largely employed is 
that known at Paulille as dynamite No. 3, which, 
less powerful than No. 1, is, however, thoroughly 
well adapted for most classes of work, and is at the 
same time of a moderate price and practically safe, 
since it remains unaffected under violent concussions 
and does not burn easily. 

The Paulille Company also manufactures a pro- 
duct known as ‘‘ dynamite 0,” which is a variety of 
No. 1, but stronger and especially adapted for hy- 
draulic work. The absorbent forming a more in- 
timate combination with the nit ycerine than 
No. ], it can be left under water without deteriora- 
tion, and no accident of time or circumstance can 
separate the oil from the base. It is on account of 
this valuable quality that dynamite 0 is chiefly used 
in France for military purposes. 

All reliable dynamites possess the following cha- 
racteristics: In ap ce they are all more or 
less greasy and plastic, and have a density of about 
1.6. They burn quietly when to a flame, 
without producing the slightest explosion. To ex- 
plode them a cap is oe necessary, the nature 
and application of which will be explained later. 

But in spite of these qualities it is always prudent 
to prevent the dynamite from bein brought near a 
fire, for although in small quantities it can be burnt 
with safety, it is always possible that the ignition 
of a large mass may produce an explosion. 

Dynamite 0 is ected, as already said, by 
water, and bylong exposure to damp. Dynamite 
No. 1 remains unaffected by damp, but experience 
has shown that the action of water is to separate the 

oil, and render the explosive dangerous. Dynamite 
No. 8 is affected by prolonged exposure to damp. 
It is therefore n to store it in rubber bags, 
hermetica'ly sealed. All dynamites freeze and lose 


their plastic condition if exposed to a temperature 
of 7 or 8 deg. Cent. (44.6 to 46.4 deg. Fahr.) Special 
appliances can only be used to thaw it and restore it 
to its normal state, as will be explained further on. 
Dynamite when frozen is not more sensitive to con- 
cussion than when plastic, but it may be exploded 
by a sufficiently violent metallic impact. 
plosive is always sold made up into cartridges pre- 
ared from a special paper, called parchment paper. 
t is thick, and torn only with much difficulty, and 
is impermeable, so that the oil, should it separate, 
cannot pass to the outside. 
As used in practice dynamite is exploded by 
means of heavily-charged percussion caps. Figs. 
1 and 2 show two of them full size. The former is 
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known as the single, and the latter as the triple cap, 
which isemployed by preference during the winter, 
or if there is any doubt of the quality or good con- 
dition of the cartridge. The blasting fuze known 
as Bickford’s is generally employed cut to length, 
and with square ends, one of which is inse in 
the cap, until it touches the fulminate ; the cap is 
then compressed with pincers near the open end, so 
as to bind the fuze, and hold it tightly in position. 
Fig. 3 shows the detail, W being the compressed 
portion. The pliers used by wire-workers are the 
most convenient form, the cutting edges being first 
blunted ; care must be taken that the pressure 

is not too great, lest the fuze be ted from the 
fulminate, and the circulation of the flame be im- 
peded. This being ready, a dynamite cartridge is 





opened at one end, and the cap is introduced in 
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such a way that part of it isstill visible. The paper 
of the cartridge is then closed up and bound round 
the fuze with a wire, as shown in Fig. 4, The con- 
nexion ought to be verysecurely made in order to pre- 
vent the displacement of the cap, and it is equally im- 
portant that the cap only should be in contact with 
the dynamite, and not the fuze, lest the flame should 
ignite the former, and the cap explode out of contact, 
which would prevent any explosion. In making a 
blast one cartridge is first placed in the hole, and 
pressed down with a wooden rammer in such a way 
that it forms a good contact with the sides of the 


Fic.s. 


DYNAMITE 



































rock; this process is repeated with a second or third 
cartridge according to the importance of the blast. 
Finally the cartridge furnished with the cap is laid 
on those below but not rammed. The space above 
is then filled up with sand or earth to a height of 
about 8 in. above the charge, and the rest of the 
tamping is performed by any more resisting ma- 
terials that may be at hand. Damp sand lightly 
packed with the wooden rammer forms an excellent 
tamping. After this is done the fuze may be fired. 
In cold weather it is absolutely n to pre- 
serve the dynamite in a plastic state. For this 
—— the most convenient arrangement is a 
double box, the inner one containing the cartridges, 
and the s outside it being packed with fresh 
manure, this manner dynamite can always be 
preserved in a proper condition, In smaller quan- 
tities, the apparatus shown in Fig. 5 is employed. 
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It consists of two concentric vessels, the inner one 
containing the cartridges, and the outer one hot 
but not boiling water. If the charge be frozen in 
the hole it may be removed by placing above and in 
close contact a plastic and capped cartridge. The 
miners generally make it a practice to carry in their 

ckets several cartridges which are thus preserved 
im a proper condition, If the blast is to be made 
under water, dynamite 0 is employed, or No. 1 if it 
is to be used immediately ; if Nos. 2 or 3 only are 
available, they must be placed in a water-tight cover. 
As it is always necessary to prevent any water from 
coming in contact with the cap, special arrangements 
are required, ove of which is shown in Figs. 6 and 7. 


Fic. 7. 





This is an outer envelope or zinc box packed with 
grease and wax in the space W left above the top of 
the cartridge. However heavy the charge may be, 
it is always advisable to employ a comparatively 
small exploding cartridge. Groups of mines ere | 
be exploded simultaneously by joining them up wit 
dynamite trains about lin. thick. These are made 
of rubber or zinc tubes filled with the explosive, and 
to insure success it is necessary to place a heavily- 
charged cap at the end of each train, When a blast 
has failed it is not necessary to draw the charge ; 
such an operation would be attended with great 
danger, fresh charge should be placed in a hole 
made near the former, and the explosion of this 
will generally insure that of the other. Or about 
half the tamping may be removed, and a heavily- 
capped cartridge introduced. As dynamite explodes 
equally well in the open air as in a closed space, the 
quality of the explosion can be always determined 
by experiments with very small cartridges. In fact, 
it is only by such trials on a small scale, carried 
on with great care, that the most suitable quality of 
dynamite for any special work can be determined 
on, In French practice No. 3 can in most cases be 
employed with more certsinty and advantage than 
No. 1, but while with this quality good results are 
almost certainly obtained, experience is necessar 
before the full powers of No. 3 can be deichegel. 
But if failure should result from the employment of 
either nature, it is because the workmen do not 
employ it properly. 

Absolute instructions for the use of dynamite 
cannot be laid down any more than for the use of 
powder; everything depends on the nature of the 
rocks and the character of the work. ‘The following 

neral principles, however, may be observed. 

nder ordinary conditions the mode of proceeding 
is the same as for powder, the holes should be 
further apart, of the same depth, but of smaller 
diameter, so as to obtain a longer but more slender 
charge. The following are the diameters of drills 
usually employed for differen‘ depths : 


From $3 ft.to 6ft. .. lin. diameter 
90 6 ft. ,, 11 ft. es 1} in. to 2 in. diameter 
» l11ft.,, 15ft.6in. Qin. ,, Win. ,, 


When the rock is very compact the length of the 
charge is made about one-fourth the depth of the 
hole, in more favourable cases it may be one-sixth 
or even one-eighth, The folowing formula may be 
used in calculating the charges to be employed : 
Where W=3 cm*® 
Where W is the weight of the charge in kilogrammes 
m the line of least resistance in metres, and ¢ a 
coefficient varying according to the nature of the 
ground and the class of dynamite employed. This 
coetficient must therefore be determined by experi- 
ment, When employing No, 3 the following values 
has served as data : : 


Very solid masonry... oat c=1.00 
Hand limestone eee eee eee c= -70 
Soft limestone... oe c= 45 
Non-compact rock ove Sin c= .36 


In many cases the charge may be reduced to W= 





= m*. ‘The depth of the holes should be one and a 
alf times or twice the length of the line of least 
resistance, and in no case should the bottom 
of the hole descend below the level of the face of 
the rock. In covered works of small section it is 
sufficient to employ holes of from 3 in. to } in. 
diameter. In larger works, such as tunnels, they 
should range from 1 in. to 1}in, When machine 
boring is employed, the cartridges should be the 
exact size of the holes made, and should be ordered 
specially from the manufacturer. For heavy works 
dynamite No. 3 should be exclusively employed. 





RANSOME’S SINGLE DEAL FRAME. 

We illustrate on page 424, a single deal frame shown 
at the Paris Exhibition by Messrs. Allen Ransome 
and Co., of Chelsea. This frame is of a class which 
Messrs. Ransome and and Co. have been making largely 
for the last few years, and they have always given un- 
qualified satisfaction. As they present many points of 
departure from the somewhat stereotyped practice 
usually obtaining we consider a description of their de- 
sign and the results obtained by them will be interesting 
to our readers. 

As in machinery of this description the productive 
capacity is in proportion to the speed of the teeth of the 
saws, this must be the primary consideration in its 
conception, and it can only be obtained by combining 
lightness of the swing frame in which the saws are 
strained and its connexions with the correct arrangement 
of the revolving weights. To insure this the transverse 
dimensions of the swing frame are kept within the lowest 
possible limits by the use of a single steel bar for the 
bottom crosshead in conjunction with hook buckles for 
the saws. This obviates the necessity of leaving sufficient 
width in the frame for turning the last saw of a gang 
when preparing a set for work, and when it is borne in 
mind that the strain on each blade when keyed up is some 
tons, and that in these machines sixteen saws are some- 
times used at once, it is obvious that the total strain is 
very great, and that a considerable reduction of the 
sectional area of the cross members of the swing frame 
may be effected by this means. The sides of the swing 
frame are composed each of a bar of channel section, and 
the guides are so arranged that should these become 
slightly bent by the compressive strain, this will not in 
the least affect their ease in working, and the absolute 
rigidity indispensable with Y guides is not necessary. 

The revolving weight of the crank, crank-pin, and con- 
necting rod is balanced by an equal and opposite weight 
forged solid with the crank, and the frame is provided 
with a heavy flywheel to secure regularity of motion. 
This wheel is so weighted that the machine may be readily 
started from any position, and the horizontal vibration due 
to its influence is resisted and absorbed by the massive 
bedplate, in which are cast the seats for the crankshaft 
bearings. These framescan well be run at a speed of 350 
revolutions per minute, which, with a stroke of 14 in., 
gives a cutting velocity of tooth of 850 ft. in the same 
time, a result exceeding by 100 per cent. that generally 
obtained. 

The back transom of the frame is hinged in order to 
facilitate the removal of the saws, which can be taken out 
and readily replaced by another set. A square hole is 
left in the bedplate to enable the stream of sawdust escap- 
ing from the cut to pass through the foundation into the 
cellar of the mill. 

Perhaps it is in feeding devices that the greatest 
diversity exists in practice. Racks, chains, vertical and 
horizontal rollers, all have had their admirers. But 
racks require running back after every cut. Moreover 
with them each deal requires fixing. The rack also—at 
least in single frames—must entail extra width of saw 
frame to allow of its passage, thus increasing the weight 
as before explained, besides throwing the strain of the 
saws on one side of the swing frame. Chains are incon- 
venient in practice, either leaving a gap between the 
deals or entailing the nuisance of loose dogs. Rollers as 
generally applied slip at a wet plank, or have to be so 
grooved and fluted that they make deep serrations on the 
work. Messrs. Ransome and Oo. have therefore for many 
years used a patented arrangement of smooth vertical 
rollers which gives a practically positive feed under any 
conditions. 

It is obvious that vertical rollers as they act upon the 
sides of the deal and therefore utilise the greatest super- 
ficial portion of its area are preferable to those horizontally 
disposed. If, however, only one such roller is adopted, 
and the piece fed between it and a fixed fence, the friction 
against this fence will be equal or nearly so to that 
tending to feed the deal; and fixed rollers at the back 
prevent the use of a straight fence or gauge. 

In this machine these difficulties are overcome by pro- 
viding two fence bars to guide the stuff. These bars are 
adjustable vertically for deals of any width, and have 
between them a back roller formed in sections. This 
roller is provided with strong springs in cast-iron boxes, 
which relieve the fence bars of all unnecessary pressure. 
The deal is therefore floated so to speak between the 
rolls; the fence bars merely serving for guidance, and 
keeping the stuff in a straight line. 





The shaft on which the front roller is mounted is like- 
wise provided with two strong adjustable springs which 
enable it to accommodate itself to the weed ba case of its 
not being perfectly parallel. The pressure is obtained 
by a weighted lever which acts by means of racks and 
pinions on the sliding bars on which the outer roller is 
mounted. Motion is communicated to the upright shafts 
on which the rolls are keyed by two pairs of bevel wheels 
with cut teeth of malleable cast iron with gun-metal 
toe pieces; the driving wheel of each pair sliding on a 
shaft running across the frame. 

It will be noticed that the gearing is placed above the 
stuff instead of underneath as usual, and is further pro- 
tected by a cast-iron cover which prevents it becoming 
clogged by the dust which insinuates itself into every 
unprotected corner. The whole of the feeding train is 
operated by the silent feed motion which had its origin 
at the works now owned by Messrs. Ransome and Co., and 
is now universally adopted, certain modifications, how- 
ever, being made to enable the pawls to work steadily 
under the rapid reciprocating motion, 

The rate of feed can be readily varied by means of a 
screw and handwheel attached to the rocking lever 
shown in side elevation. The maximum and minimum 
rates of advance for which this frame is arranged are 
from %in. to zero per stroke respectively, and it will cut 
fifteen boards of a thickness of 4mm. out of a 3 in. deal 
—the saws being 20 B.W.G.—at 18 in. per minute, the 
work being without blemish. 

It might be supposed that difficulties would arise with 
regard to efficient lubrication, especially when such an 
absorbent as sawdust is ever present; but these have 
been overcome by special devices, which space prevents 
us from describing in detail at present, but which we 
shall no doubt be able to lay before our readers when we 
review some of the other exhibits of this firm. 








STEEL BOILER PLATES. 
To THE EpIToR or ENGINEERING. 

S1r,—Referring to my letter in your last week’s issue, 
I have now, after my return from Paris, referred to the 
correspondence which took Fed at the commencement of 
1872 between Messrs. the lton Steel and Iron Compan: 
and myself, with reference to a number of steel plates which 
were we ty Bene for the steel boilers which I made 


for the vernment, and I find that my remarks 
made during the discussion in the Institution of Mechanical 
Experiments relative 


ee on Mr. Boyd’s paper “‘ On 
to Steel Boilers,’”’ require some correction. : 

I ought to have said, ‘‘ When I came to roll the plates 
into a conical shape, severalofthemcracked. These plates 
were replaced by the company, but at the same time they 
found fault with me for having heated the plates red hot 
(by which expression, however, I — a brown heat) 
and instead key! advised me to roll the plates cold, or 
nearly so; and they also advised me, that if the concave 
parts of the plates were punched out, the Ye should be 
Seoenled bolero bending im the sella, 1 followed their 
advice with the following lots, and had the plates properly 
annealed, after having bad the camber _ out; but 
although no holes were drilled in the p before bending, 
covenal of the plates gave way in a similarmanner.”” With 
reference to the statement which I made about the drilling 
of the holes, I remember now that it was my own — 
sion that it was a mistake on my part to drill the holes 
first before I had rolled the plates to shape, and I, there- 
fore, to avoid failure with the following lots, omitted drill- 
ing the holes first. Experience, however, proved to me 
that my assumption was not correct. 

In conclusion, I can only express my regret that I have 
unwittingly made a statement which was incorrect, but, as 
upwards of six years have elapsed since that time, this 
must be my excuse, and I trust that it will be accepted by 
Messrs. the Bolton Steel and Iron Company. 

Thanking you for allowing me sufficient space to make 
this explanation, 

lI am, Sir, your obedient servant, 
Lrwis OLRICK. 

27, Leadenhall-street, E.C., May 30, 1878. 





THE INDIAN TELEGRAPH DEPARTMENT. 
To THE EpIToR or ENGINEERING. 

Srr,-It is understood the Secretary of State for India 
will engage another batch of men for the Indian Telegraph 
Department ; the following information will no doubt in- 
terest intending ——— : 

Circulars are usually issued from the India Office con- 
taining a list of appointments in the < ent, with the 


—- each appointment. with the 
i -general on 3000 rupees per month, and ends with an 
assistant superintendent on 200 rupees. In some cases the 


salaries have been stated in pounds sterling, the rupee 
having been converted at 2s. The candidate is given to 
understand that an assistant superintendent is ible for 
romotion to the highest appointment. The following, 


owever, are the facts : 

The Indian civil service is divided into three classes—1. 
Covenanted; 2. Military men in civil employ; 3. Un- 
covenanted. The last is regarded as an inferior service, 
and is so treated by Government ; it includes all inferior 
officials, clerks, and menial servants employed in Govern- 
ment offices. The men appointed in England to the Tele- 

h t are appointed to the uncovenanted 
uncovenanted i 


, although 
wes he 
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sede men in the third class; to this rule the Telegraph 
Department is no exception. 

he Director-General of Telegraphs is a military man, 
and the appointment has never held by a civilian, 
A short time ago a civilian officiated as director-general, 
but to prevent misunderstanding it was distinctly stated in 
the order of Government that the appointment was tem- 
porary, and a military officer from outside the department 
was afterwards appointed. The directors-general have all 
been appointed from outside the department, so that no 
promotion was caused in the department by the appoint- 
ments. Colonels Glover, Robinson, and Champain were 
all appointed to the department as Director-General. The 
Deputy Director-General, the Director of Construction 
and the ae of Stores, are military men, and 
they owe their position to that fact; e. g., the Superin- 
tendent of Stores (a major, R.E.) was appointed to the 
department in 1868 as an assistant superintendent, within 
one month he was appointed officiating superintendent, 
superseding nearly 100 civilian superintendents and as- 
sistant superintendents, and within one year his appoint- 
ment was made permanent. This officer has 
officiated, and will no doubt be promoted, over the few 
civilians now above him. 

The civilian who enters the Telegraph Department cannot 
rise to director-general ; he may, and probably will, be 
superseded by military officers in other appointments, and 
he may safely strike out from the Secretary of State’s se- 
ductive circular four of the highest appointments. It 
should also be remembered that a rupee is not 2s.; an 
when the true value is ascertained by expensive experience 
it is no use pleading the difference should fall on the Go- 
vernment which issued the misleading cire . 

Another and more serious matter is the block in the de- 
partment at present. An assistant superintendent ap- 
pointed on 200 rupees per month may rise to 450 rupees in 
ten years, but he has no further prospect whatever. The 
number of appointments in the higher grades are so few 
relatively that even if supersession by military officers were 
absent it would take three generations to pass the assistant 
superintendents now in the service through the grade of 
superintendent.* Not more than one-third of the men now 
assistant superintendents can hope on the most extravagant 

upposition to ever be superintendents or get a higher pension 
than 2750 rupees per annum. From this may be estimated 
the prospects of newcomers. Asto the value of 450 rupees 
per month in India the candidate should consult some im- 
partial person of recent Indian experience. A gentleman 
who had no further prospect could not afford to marry; a 
bachelor would find Fis savings out of this sum no more 
than barely sufficient to enable him to take his indis- 
pensable leave to Europe. The pension rules are exceed- 
ingly illiberal, whilst the exposure and mfort to be 
subenitted to are very great. The out-door work has to be 
done by unskilled and often very 0g ed agenc, re- 
quiring the strictest supervision ; the lines run for ds 
of miles in one direction, so that work cannot be watched 
from a central station, and so much ground must be covered 
daily that a comfortable camp is generally speaking im- 
possible. The pension rules may be judged by the follow- 
ing examples : ; : 

A. The same small invalid pension is obtainable up 
to twenty-five years as after fifteen years’ service, i.e., ten 
years longer in service makes no difference in pension. 

B. To earn a pension thirty years’ service 1s necessary 
unless invalided. 

C. Maxima are fixed, so that pension does not depend 
on pay only. After thirty years’ service the highest pension 
is 4000 rupees per annum, unless the salary exceeded 
100 rupees per month, when the maximum pension is 
5000 rupees per annum. [If invalided within twenty-five 


years’ service, the maximum pension is 2000 rupees, or + ~ req 


salary exceeded 1000 rupees per month, 3000 rupees. 
would not affect an assistant superintendent of telegraphs, 
as his pension would not exceed 2750 rupees. 

D. No sick leave or furlough counts for pension until 
after twenty years’ actual duty in India. 

Travelling expenses are stipulated for in the covenant, 
but asa matter of fact there is considerable loss under 
this head. Transfers are frequent, and the losses are 
heavy on the compulsory sale of effects, which must be so 
disposed of at almost every transfer. An officer returning 
to India from furlough in Europe must join any station to 
which he is ordered, at his own expense, without reference 
to the station from which he started on leave, and he can- 
not draw full pay until he has so joined. Under this rule an 
officer may be made to travel from Bombay to Rangoon at 
his own expense and with the loss of half pay for 15 days 
in addition, notwithstanding the possession of a covenant 
stipulating that he is to have all travelling expenses paid. 

Medical attendance is also granted by the covenant, but 
this is only given free until the officer marries, when he 
must pay from one to two weeks’ ry per annum for 
Ordinary medical attendance on his wife and family, or 
16 rupees for each ordinary professional visit of the doctor 
to his wife or one of his children. As assistant superin- 
tendents cannot afford to marry, this does not concern 
them. It should also be noted that the electrician to the 
department is an outsider, and not even a British subject. 
He was ge to the department over all the assistant 
superintendents, so that Government selects the highest 
scientific, as the highest administrative officers, outsi 
the department. The electrician being a foreigner cannot 
be expected to have any loyalty to the British rule in 
India beyond that of a mercenary ; he introduced a duplex 
system into India for which he was handsomely sovietods 
but his system has been entirely superseded by a better 
system proposed by an assistant superintendent. 

The prospects of a candidate may be summarised as follows: 


* The numbers are about 100 assistant superintent 
milena agen Kg 2 the oy : ae Als by 
mili officers, an y a foreigner, lea open to 
the 100 assistant superintendents. stad 





already | stances ; but if the director-general were ae 





He enters an inferior caste of civil servants termed uncove" 
pers ard wet ieee ative and scientific 
appointments are no ‘ @ salary, rupees on entry, 
will rise to 450 rupees after ten years service. es 
If living and not previously invalided, after twenty years 
further service on 450 rupees per month, he will retire on 
@ pension of 2750 rupees per annum, the reward given by a 
grateful country for thirty years hard work and exposure 
in a tropical climate. Those who enter the Telegraph 
Department must be content to accept the position of 
drudges, and to exhibit loyalty and zeal, without the 
stimuli hope and ambition. If any of the statements are 
doubted, they may be confirmed by reference to the ion 
and leave codes, the nominal roll of the ——- Sema 
ment showing the service, rank, &c., of each member, to 
the nominal rolls of past years showing the course of 
promotion, the Gazette of India, the orders of the depart- 
ment, and by"inquiry of any assistant superintendent. It 
may be objected that ~ 5 mp of a from 
outside the department does not make much difference, as 
few could hope to be director-general under any circum- 
i inted from 

within the department six or seven men would obtain pro- 
motion one grade, as a consequence of each appointment, 
and three such appointments have been made since 1864. 
This applies in a scarcely less degree to the other high 
appointments held by military officers ; the appointment of 
— Eckford in 1868 over nearly a hundred civilians 
robbed three men of immediate promotion, besides super- 


d|seding the others; his translation to the direction will 


raise this number to five or six. It may be supposed that 
remonstrance in the shape of a memorial to the Viceroy 
would prevent supersession and obtain some consideration ; 
but in the first place, the head of the department and the 
high officials are all either military or covenanted civilians ; 
and in the second place, such memorials can always 
answered by the usual incontrovertible statement that 
Government cannot recognise exclusive rights or vested 
interests with reference to appointments in the public 
service. Hence, so far as guaranteeing anything pro- 
spective, the Secretary of State’s covenant and circulars are 
valueléss, and those who enter the service must do so 
without any security whatever against su ion. 
Nour mz TANGERE. 


STRENGTH OF BOILER FLUE TUBES, 
To THE EDITOR OF ENGINEERING. 

PO pn 3 Ce ate Fron Sentenete b> ag mee 
arrive at the i ure of his longitudi 
siete, in teoatinn # on.0 Ua tom tn aon in tenet itasa 
beam. As I remarked about his rule for the strength of 
flue tubes that there is more than arithmetic the matter 
with it, so there is also with these attempts to find the 
breaking strength of his strip. Mr. Clark is unconsciously 
furnishing evidence that he is carried away by this 
arithmetic of his. Where he fails is in grasping the con- 
ditions of stress in the cases he treats.. Perhaps Mr. Clark 
will say what amount of elongation his strip in 
deflecting 1in., and whether this is sufficient to justify his 
regarding it asa segment of a cylinder at the moment. of 
rupture? It is only when the weak portion of the tube has 

deflected sufficiently to materially tax 

tion that the —— tenacity can be said to be 

rought fairly into play. 

Mr. Clark must first decide on the amount of elongation 
the strip will take before ing. This will give him the 
length of his arc. He can then apply his arithmetic and 
geometry to find the diameter of the cylinder, of which 
this is a segment. If he does not meet with some difficulty 
in deciding upon this amount of elongation, he will be more 
fortunate thanIam. Roughlys ing he will find that it 
mires a deflection of 6in. to be reached, assuming his 
strip to be solid from end to end, before a tensile stress of 
10 tons per square inch is brought to bear on the strip. 





“rules, how nice and 


its resistance to elon- | i 


4. If the former, then, how can the formula be correct ? 

5. If the latter, upon what is the formula based ? 

Mr. Clark is ina dilemma. He must either deny the 
value of the instances he cites or the value of the formula. 
Had he checked his formula by a few of the collapsing 

ressures given in the rts for #in., y% in., and ¢ in. 
ubes under 4 ft. diameter he would have seen how inappli- 
cable it is to those cases from which he takes his standards. 

a te Arent wt oom oe ot in, tube 35 ft. ad 
without s ening rings is as strong as a a 
20ft.long? If he does then (7), how does he account for the 
35 ft. tube tested by Fairbairn giving way at 97 lb., whilst 
the 25 ft. tube stood till 127 Ib. was reached ? 

8. Can Mr. Clark explain how these pressures are so 
much higher, and correspond so much better with his rule 
than the alleged colla pressures for the ? in. tubes 
from which his rule is d 6 

9. Does Mr. Clark not know that Mr. Fletcher's safe 

ressures are taken with a factor of safety of 3 only, whilst 
is own are taken with factors of 4and 6? If a latitude in 
the factor of safety of from 3 to 8 is allowed to suit various 
{ easy rule becomes. I think 
Mr. Clark will find the safe pressure No. 3 of Mr. Fletcher 
is given conside too low. Your correspondent certainly 
does not ‘‘ stickle at straws.’”” Mr. Clark says all sensible 
people are agr about the unquestioned value of 
stre’ ening rings. Of course this upon whom 
er lark — —— people. uae very 
able .who oppose use 8 ing rin 
simply Genees their experience has been ortunate, | 

_ CO of some fault in detail they reject the 
mag 28 On poges 13 and 14 of Mr. Fletcher's report for 

y and June, 1869, will be found-an interesting account 
of a Lancashire boiler that gave great trouble in con- 
sequence of the nature of the feed water. 


The report 
be | on to say, * Just at the time that the boiler was Sestestad, 


a number of p' boiler makers had a meeting, and dis- 
cussed the cause of the continued and mysterious 
that had occurred to the boiler.” ... *‘At length the 
meeting unanimously resolved that encircling hoops pre- 
vented et yn of the furnaces, and that it was 
sonnet we _ raat pe 4 boilers 
in way encire keep 
further, that within three oll leakage w 
in.” I have heard the same objection urged 
times all over the kingdom and by the tatives of 
some of our most celebrated engineerin “ones The pre- 
judice commences in the boiler yard passes on to the 
ughtsmen and manager of the works. 

I can only repeat that Mr. Clark’s rule and his state- 
ment that “ ~ ere: of length of a tube is an = 
certain Se tend strengthen an: 
prejudice, which has been fatal to life and limb.’ 


am, Sir, rig 
; abrir Sosenk TLSON: 
P.S.—When I mentioned in my letter on page 826 ante, 


that it was difficult to see how the laws that govern the 
strength of columns can have anything in wi 
those that govern the oesi 





StezL Armour Puares.—The Times 
portant trial of Sir Joseph Whitworth’s 
armour-plating has just been made at Manchester. 
ee oo is formed of his fluid-compressed steel, 
is built up in hexagonal sections, each of which is 


I am sorry if my way of the strength of a tube | of a series of concentric rings around a central circular 
at p. 14 of my treatise on steam boilers has been the means | disc. ‘The object of this construction is to meet the only 
of Seading r. Clark astray. I, however, disclaimed this | weakness of the steel, its me os ae for the con- 

centric rings prevent any crack passing beyond the 


some two years ago in ENGINEERING. It was with the 
view of finding some sounder rule eae Sacer replace 
those given in my treatise that I first you. 

In praising the accuracy of Mr. Fletcher’s reports, Mr. 
Clark unconsciously pays a very flattering tribute to that 
gentleman’s staff, including, I suppose, your humble 
servant, who has had the honour of furnishing Mr. Fletcher 
with the particulars from which several of his reports are 
written. It is not oo mene that some of the very investi- 

tions upon which Mr. Clark relies are actually my own. 

at whether or not, Mr. Fletcher himself will bear witness 
that the pressures and dimensions of the colla; J 
given by him are in many cases necessarily only approxi- 
mate. ‘The tubes being an inch more or less oval would 
make a considerable difference in their resistance to collapse. 

Coming now to the formula itself, since Mr. Clark 
seems inclined to branch off into a serio-comic strain I 
had better put the matter to him in the form of questions : 

1. Why Mr. Clark not placed the ressures 
at which the tubes collapsed side by side with the pres- 
sures by his formula in the four instances he gives near 
the end of his last letter? 

2. Is it because the alleged collapsing pressure in the 
cases which he adduces in support of the value of his formula 
averages about 60 lb. whilst the pressure by his formula 
averages about 1221b. The last instan ce he gives is evidently 
= well kere Sree Tunstall explosion. 4 

m memory the alleged collapsing pressure was ¥ 
The flue had been weakened somewhat by corrosion, 
the longitudinal seams were in one line from to end, 
In this instance the pressure by the rule is just about 150 

r cent. more than the alleged pressure, Mr. Clark 

es as his standard 


i | armour 
8. Does Mr. Clark take the actual colla _— 
of fairly made but Brg Bag onn By t 


iven by Mr. Fletcher in the 
the formula ? 


quoted, or that given 


tubes | shell 





limits of the one in which it occurs. peep Pree pecs ben, 
in t end neptenee one section of such armour. 
plating, was la at wi i 
that all iron shot up against it 
a compressed steel projectile only 
trifling extent. The 7 ye 
upon a larger scale, with a 9in. in 
ported by a wood backin a 
of this target a horizontal iron tube 
the fragments of the shot. 
L agp glee ttre and it A 
with 501 . of pebble powder, ata distance of 80 yards from 
the target. Such a projectile would bave passed 
12in. of ordinary iron armour-plating ; but 
new target it was powerless. It broke up 
small fragments ; and, 
the sand by 


able to escape at 
their movement of 


e 


i 
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DETAILS OF 


HORIZONTAL 


ENGINE, AT THE PARIS 


EXHIBITION. 


CONSTRUCTED BY M. A. A. DUVERGIER, ENGINEER, LYONS. 
































M. Avrvonse Dovercorer, of Lyons, is one of the 
many exhibitors of 1867 who appear again in Paris this 
year. He exhibits a horizontal engine constructed on a 
system worked out by him in 1864, and upon which he 
has since constructed about 150 engines—with cylinders 
of various sizes up to 60 centimetres (23.6 in.) in diameter 
—which are said to work very economically and success- 
fully in all respects. They certainly bear the marks of 
very careful design in a good many points. We illustrate 
this week his exhibited engine, and by the aid of our en- 
gravings may describe briefly its cipal characteristics. 
jy our engravings Figs. 1 and 2, page 425, are general 
views (elevation and plan) of the engine with its con- 
denser and air pump; Figs. 3, 4, and 5, annexed, are 
sections of the cylinder and valves ; Figs. 6 and 7 repre- 
sent the valve gearing; Figs. 8 to 12 the piston and 
connecting-rod heads ; Figs. 13, 14, and 15, lastly, are 
wing the working of the valves. 

general arrangement of the engine, it will be 
seen that the cylinder is attached to the bedplate (and 
carried by it) at its front end only. The bedplate is quite 
plais, of a somewhat familiar type, with slipper guides 
or the piston-rod head. Steam is both admitted to and 
exhausted from the lower part of the cylinder, the exhaust 
pipe leading at once down to the little condenser (Figs. 1 
and 2), into the lower part. of which the jet rises. A 
countershaft (Figs. 2, 7, &c.) is employed for driving the 
valve gear, and the air pump is driven from a pin carried 
by a disc on the outer end of this shaft, the disc serving 
also as a driving pulley for the governor. The pump 
iteelf is of the inary single-acting bucket type, the 
head of the pump rod being guided by a parallel motion 
(Fig. 1) of simple construction. The feed pump (single- 
acting plunger) is placed vertically beside the air pump, 
and worked from a pin on the main lever of the motion. 
The two pumps and the parallel motion are carried by a 
small separate bedplate, placed in a pit beside the engine 
foundation, and supported on separate foundation blocks 
of ita own. 

The chief interest of the engine, however, israther to be 
found in some of its details than in its general arrange- 
ment, the best point in the latter being, perhaps, the 
capital arrangement of the exhaust pipe with a direct 
downward lead to the condenser, The most important 
details are shown in Fig. 8 and the following figures, 
which we may now describe. Taking first Figs. 3, 4, 
and &, the three views of the cylinder—(it will be noticed 
the Fig. 3 is to the left a section through the centre of 
the cylinder, and to the right—partly—a section through 
the centre of the ports)—it will be seen that the 
principal casting is in two parts. -There is an outer 
casing a a, cleaded with wood, and « separate inner 
liner or barrel 66. The former casting is a somewhat 
complex one; it forms a valve chest, and has on its 
under side a branch m for steam admission, and also two 
ene ae ae end, the inner ends 

these openings ory formed faced ports, a section 
through one of which 
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the middle part of its length the casting a is carried 
completely round 6 (Fig. 3), and Fig. 5 is a section 
through this part, showing the entrance of the steam 
pipe. The liner 5 is not a simple cylindrical barrel, as 
in the common construction, but carries also the ports 
(Fig. 4 and left-hand part of Fig. 3) which are thus 
reduced to the smallest possible dimensions. The 
ports slope downwards from the lowest part of the 
working barrel, so as completely to drain the cylinder, 
they ‘project away from the liner into the spaces 
left at each end of the middle part of a (Fig. 3). The 
construction of the cylinder covers, which is rather 
peculiar, is clearly enough shown in Fig. 3. The back 
cover c is bolted to the casting a, and fits within the liner 
6, while the front cover d is held in place by the end if of 
the bedplate. It butts against and enters into 4, and in 
turn keeps it in place against c, and against a ring face 
provided in a. All these joints are tightened up against 
rings of india - rubber. th covers are cast double, 
and the space within them is always in free communica- 
tion with the interior of a, which in its turn, as will be 
seen from Fig. 5, is always filled with fresh steam, which 
does not, however, necessarily circulate through it before 
going to the ports. A screw e is provided on the top of 
the casting a to prevent any possible drooping of the liner 
6. Returning to the steam distributing apparatus, the 
main valve gg works against two faces (Fig. 4), the in- 
clined port faces on 6 and the exhaust faces on a over the 
branches n. The expansion valve h works on the back 
of g, as is seen best to the right in Fig. 3. Essentially 
g differs only from a common valve split into two parts 
by having a through port for the exhaust as well as 
for the steam. Oonstructive exigencies, of course, make 
it much more complex in appearance than it really is. 
The spindle & for the main valve is level with the axis 
of the cylinder, and lies therefore on the top of the 
valve; the expansion valve rod / comes lower down. 

The advantages to gain which this arrangement has 
been adopted are (1) reduction of clearance and port 
space to a minimum (2), proper drainage of cylinder (3), 
complete jacketting (4), facility for erection and taking 
apart. In looking at this great apparent complexity it 
is only fair to bear in mind that the working parts can 
hardly be said to be more complex than usual, and that 
mere complexity in a casting is not a thing which need 
trouble a steam user much, if the engine maker does nct 
ask him to pay extra for it. 

These remarks do not perhaps apply quite so fully to 
the valve gear, Figs.6 and 7. This consists first of all 
of a countershaft a driven (Fig 2) by a light outer crank, 
and working in two plummer blocks 6 6 carried by the 
main bedplate. The eccentric c keyed on to a drives the 
main valve by the rod kas usual. No second eccentric 
is used, however, for the expansion valve, which is driven 
in the following manner: The strap of the main eccentric 
is made very stiff and carries below at c’ a boss in which 
is placed a pin driving the short link e. This gives a 
peculiar oscillation to the double lever f (swinging loose 
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on the shaft a) which is transmitted by it through the 
link g to the upper part of a slotted link Ah! which 
swings on a fixed centre d. In the slot a block is placed 
as usual, connected with the rod / which works the ex- 
pansion valve, and at m jointed to a vertical screwed rod 
n. This rod, as is shown in Figs. 1 and 2, can be lifted 
up and down bodily by the governor which thus has 
complete control of the stroke of the expansion valve and 
consequently of the cut-off. The screwed spindle n can 
also be moved by hand by means of the wheel 
shown in Figs. 1 and 2, so as to bring the cut-off 
for any given speed (or position of the governor 
balls) quite under control. The working of the gear 
is shown fully by the diagrams Figs. 13 to 15. The 
first shows generally the centre lines for the motion, 
the full lines being for one corresponding position 
throughout, viz., when the piston is at half stroke. The 
dotted lines show the limits of motion. Fig. 14 shows 
the corresponding positions more in detail. Fig. 15, 
lastly, shows the “elliptic diagrams,” or portions of 
them, for different cuts off. The full line courbe de dis- 
tribution is the diagram for the main valve, and the 
dotted lines courbes de detente are the diagrams for the 
cut-off valve. The numbers upon them (1 to 7), in each 
case correspond to the similar numbers on the link 
positions in Figs. 14. No. 7 corresponds to the highest 
position of the block, shown in Fig. 14, and gives a mean 
cut-off of about 0.03 of the stroke. The block can be made to 
coincide with the centre of d, so as not to admit steam at all 
in its extreme position. No. 5 is for the lowest position 
of the block, and gives for a latest cut-off about 0.58 of 
the stroke. The main valve cuts off about 0.78 of the 
stroke. 

Our remaining figures, Nos. 8 to 12, show details of 
the pistons and connecting-rod heads which have some 
special features, but do not appear to require special 
description. 

We have received an account of a ten hours’ trial of 
M. Duvergier’s engines, in which very exceptional 
economy was gained, and we hope to be able to say some- 
thing about it on a future occasion ; space does not allow 
us todo so here. We shall also have something more to say 
about the engine shortly, when we review the whole of 
the engines in the Exhibition. 








Frencu Steam Surprine.—The great French steam 
shipping concern, t ies Maritimes—which may 
be said to be the P. and O. of France—will divide 
its share capital for 1877 at the rate of cent. per 
annum. corresponding dividend for 1 was at the 
ee eee On the other band, the 
French tic Company increases its 
dividend from 3 per cent. per annum to 44 per cent. per 
annum. In 1875 this latter co gulbee ener. 


aunum. The revenue of r 
Company fel of 12,6771. last as compared with 1876 ; 
on other the working. exponss were reduced 
lat year to the it of 26, 
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VALVE MOTION OF HORIZONTAL ENGINE, AT THE PARIS EXHIBITION. 
CONSTRUCTED BY M. A. A, DUVERGIER, ENGINEER, LYONS. 
(For Description, see opposite Page.) 





Fig. 18. 
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the boil = mother i iahce coal iy take 
ler by ano’ $ easily take 
to this state of po pe be confusing to capitalists, ‘ 
and we are still of opinion that the sooner we hear the last 
or nominal horse power and take to the indicated the better 
for every one concerned. The Admiralty has already set 
us an example in this , and shipowners would soon 
settle down to the indica: 


kind ee ing our letters, 
mr ” e remain yours traly, 


ASS AND BuRN. 
9, Queen-street, Newcastle-on-Tyne. 





To THE EprToR.oFr ENGINEERING. 

Srr,—In a former letter I took the liberty of calling 
attention to what seemed to me i between the 
expression of Mr. Jaffrey’s opinions in his ] to you of 
March 22, Sand his utterance in the witness-box of the 
Conrt of Session, but from your editorial note it is evident 
that what was moe geet yy nit a + likely to be 
generally recognised ore take opportuni 
= ae. according to your request, what it = oy 

esi show. 


and 

sary to know in order to fix the nominal horse power is the 
diameter of the cylinders, it having been declared at a con- 
ference of engineers held in Newcastle in 1867 that thirty 
circular inches of piston go to one nominal horse power. 

With this incident fresh in my memory I was naturally 
attracted by Mr. J ’s letter on nominal horse power 
from which I gathered that Mr. J thinks there is 
much indefiniteness about the term. there is no in- 
consistency here I shall be to be shown wherein I 
have misa; ended Mr. J 2 ; 

Apart m all this, Mr. Jaffrey’s aE wy to 
objection. Your readers do not require to be 
day that the term. nominal - power is | 
meaningless, and I believe it is admitted hose 
able to j that a universal rule for fix nominal 
power is neither attainable nor desirable. Marine enginé 
at least are not sold by the horse power, nor would it 
eiped yetteers of hy paborrrnnd Beri By ede Ane sos 

; gran’ it was expedien ve a nominal 
horse rule i practicable to devise 


i 


= 
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Yours obediently 
H. K. W. 
" In our copy of EnainzERINn@ for April 5th, the diagram er 

NOMINAL HORSE POWER pay Sapte or it Sat Dene © quanta seem Tue Late Mr. J. W. Wooprorp.—We to 
To THE EpiTorR oF ENGINEERING. blance to 30 Ib. = 361b., and as Messrs. Elliot Brothers | observe the death, at the age of 56, of the well-known 
Srr,—We hasten to calmthe anxiety of Mr. Willcox ; we | do not manufacture a 36 lb. indicator spring unless specially | engineer, Mr. Lege be: pe’ oodford, who was for many 
have no intention of crushing him or any one ; we simply | ordered, we took the scale to be 30 Ib. years one of the chief engi of Messrs. Peto, Betts 
wish to add our mite to a discussion on animportant subject, Taking the scale at 361b., the loss between boiler and | and Brassey; he for Mr. Jas. Hodges most of 
and not to waste your time in personal recriminations, not | cylinders is still 26}1b. If there were no loss of pressure | the machi , engines, and t used in the construction 
having the honour of your correspondeni’s acquaintance. | from any cause in this case, the engine would 664 | of thegreat ictoria Tubular over the St. Lawrence, 
As your printer has rather obscured the formula given, | indicated horse power, and as it only gives out 277 it at Montreal, and, as chief i for the contractors, 
we now give it in words. Watt’s rule with its cient | a loss of 59 cent. in cylinders alone. The owners of this | he superiutended the of the Blackfriars Rail- 
altered to suit the stroke in inches will read thus: ‘‘ The | engine would fail to detect any ‘‘ combined funniness’’ in way Bridge, and more recently’ the Caliao Harbour ; he 

square of the diameter of cylinder in inches multiplied by | seeing his money wasted in thie way, and if he knew <4 was also the inventor of the -known Woodford pump. 

the cube root of the stroke in inches, and divided by 107, | thing of engineering would natueniiy tonn bie. adhealiaen 





will give the nominal horse power.”’ the questions we asked of your correspondent, 
The nominal horse power of either cylinder of a modern cunmine the indionten te i 
compound engine worked out by the rule of Mr. Willcox | same complaint as the steam gauge ‘ 8 
would be expressed exactly in words given above, . but The allusion to the old metal merchant (more power to | of Cuba, are about being forwarded to their destination 
the coefficient would be 105, or rather less than 2 per cent. | him) and the dive into the engineering past are quite | from the Delam : ; 


difference in the coefficient. irrelevant to the question. If the term nominal h, very swift, capable of turning on their. centres, 
The sources of loss in a steam engine and boiler are so er has still to continue, the evaporative power of the | so that they can, if desired, run into creeks or among the 
that we make no further exp i iiler mast play © conspicuous part in it. reefs, most tortuous channels. They cost 


familiar to engineers lanation bo 3 
on that head. The example given with a higher steam | The high indicated horse power given out some tegather abent S0001., and bene sogines senebens was te 
“as b is 








Eesvccnei by ie gangs tenes. soked “cer Bak “Bis | pres often and Lot any taccenr repos | Sen vl be at ooh od Piladn ipa: a fom he 
y gauge 9 9 
should have ben discovered bedace me biagdaieie eich -| of capacities of cylinders. This leeds to the’ conclusion southern coast of the United States to direct. 
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COMPOUND ROLLING MILL ENGINES. 


Is our last number but one we published , ae 
engraving showing a plan of a very fine pair of revers' 
rolling vill engines, constructed by Messrs. Tannett, 
Walker, and Co., of Leeds, for the Eston Steel Works 
of Messrs. Bolckow, Vaughan, and Co., and this week we 
give, as promised, another two-page illustration contain- 
ing further views of these engines, and showing the 
arrangements of valves and reversing gear. The engines, 
which have been constructed and erected under the 
superintendence of Mr. Godfrey, the chief engineer to 
Messrs. Bolckow, Vaughan, and Co., are of the compound 
type, there being two high and two low-pressure cylinders 
arranged as shown in the plan we published on the 
17th inst. 

The cylinders are respectively 36 in: and 54 in. in 
diameter with a stroke of 6 ft., and they are all steam- 
jacketted, as shown by the longitudinal and transverse 
sections which we publish this week, the high-pressure 
cylinders having the jackets cast in one piece with them, 
while the low-pressure cylinders are fitted with separate 
liners, fixed as shown in Fig. 8. This view also shows 
very clearly the arrangement of valves adopted. The 
valves ard, as will be seen, piston valves, the steam 
being admitted between the two pistons forming each 
valve, and the exhaust taking place outside. The valve 
cylinders, it will be noticed, are formed by liners which 
can be readily renewed if necessary. The valves are 
placed below the cylinders and the latter are thus 
thoroughly drained, while from the chamber surrounding 
each valve cylinder a drain pipe is led off, as shown in 
Figs, 1,2, and 3, these drata pipes all being furnished 
with valves which can be opened simultaneously by 
means of a pair of hand levers conveniently placed on the 
engine-driver’s platform. 

The valves are driven by ordinary link motion of the 
shifting link type, the motion being communicated to 
them by rocking shafts situated between the high and 
low-pressure cylinders, as shown. The reversing is 
effected by a steam cylinder placed between the engines, 
and having its piston rod carried through both covers, 
one end being coupled to the weighbar by a pair of links, 
and the other end being connected to a cataract arrange- 
ment, shown by Fig. 1. This Fig. 1 also shows the 
arrangement of the hand-moved valve, by whichthe move- 
ment of the piston in the reversing cylinder is governed. 
This valve is situated below the reversing cylinder, and 
isa piston valve moving in a cylinder, which is itself 
movable, it being connected by a spindle and links to an 
arm on the weighbar. The valve cylinder, it will be 
noticed, has three ports on one side, these respectively 
communicating with the two ends of the reversing cy- 
linder and with the exhaust cavity, the arrangement 
being such that the movement of the valve cylinder does 
not interrupt the communications through these ports. 
The effect of the arrangement is that the piston in the 
reversing cylinder correctly follows the movement of the 
nenberrel valve. Thus referring to Fig. 1, if the 
hand-moved valve be shifted towards the left, the right- 
hand steam port will be uncovered and steam ad- 
mitted to the right-hand end of the reversing cylinder, the 
result being that the reversing piston will move towards 
the left. But this movement of the reversing piston is, 
through the connexion with the weighbar, communicated 
to the valve cylinder, this cylinder also shifted to the 
left, and its movement closing the port which the movement 
of the hand-worked valve had previously opened. Any 
further movement of the reversing piston then places the 
right-hand end of the cylinder in connexion with the ex- 
haust and admits steam to the other end, thus arresting 
the movement of the piston. A further movement of the 
hand-worked yalve to the left will be followed by a 
further movement of the reversing pistonand soon. The 
reversing gear is very powerful, and the engines. can be 
reversed with great rapidity. The valve of thereversing 
cylinder is operated by a hand lever on the driver's plat- 
form, and on this platform there are also a hand-wheel 
for working the steam stop valve, a lever for operating a 
throttle valve, and a lever connected with a valve by 
means, of which steam can, when desired, be admitted 
direct to the low-pressure cylinders, The arrangement 
of the valves and pipes can be readily traced in our 
engravings. The engine-driver’s platform, it will be 
noticed, is situated in the rear of the engine, and is well 
raised, so that the man has a clear view of his engines 
and the mill they drive. 

The bedplate of the engines is very massive, and its 
shape will be best seen from the plan which we published 
on the 17th inst., while the views we give this week will 
show its section. The crankshaft plummer-blocks are, 
as will be seen, cast in one piece with the Bedplate, 

The crankshaft is made in three pieces, as shown, 
each piece having two bearings, thus making six bear- 
ings in all. The centre length—or crankshaft proper— 
carries at its ends two wrought-iron overhung cranks 
having balance-weights forged on them, these cranks 


being at right es to each other. On this central 
length of a between the bearings, the eccentrics 
are as shown. The central length of shaft is not 


y connected to the two side lengths, but as shown 

im the plan we published on the 17th inst., it drives these 
lengths links, which allow for any in- 
equality in the adjustment of the several bearings. 





The engines are supplied with steam at 80 Ib. pressure, 
and they are coupled direct to the 26-in. reversing mill 
which they drive. Asis well known, it is necessary in 
engines driving mills of this kind, where there is no fly- 
wheel, that the steam should be admitted for fully three- 
fourths the stroke, and in ordinary engines this means a 
most extravagant use of steam. By adopting the com- 
pound system, however, as in the engines we are de- 
scribing, a fair degree of expansion can be obtained 
while at the same time maintaining the required ap- 
proximation to a constant driving power, and naturally 
a great economy thus ensues. We know that in some 
quarters a doubt existed whether with the compound 
system there would not be a loss of promptness in re- 
versing, but any apprehension of that kind has preved 
to be unfounded. 

We have on a former occasion spoken of the great 
ability and careful attention to detail with which the 
Eston Works have been planned. Throughout the whole 
of the works the saving of labour has been the great 
object aimed at, and efficieney in this respect has been 
considered paramount to first cost. Asaresult we believe 
that Mr. E. Windsor Richards, the general manager of 
the works, has succeeded in rolling rails by the engines 
we, have been describing at a less price than has been 
previously done elsewhere. The engines are at present 
rolling rails in three lengths, but it is Mr. Richards’s 
intention to increase the length to that of four rails, thus 
effecting a further saving of labour and reduction in the 
loss of crop ends. The bloom is broughtby a small loco- 
motive from the furnace to the rail mill, and it is never 
afterwards lifted. There are two men on each side of the 
mill whose only duty it is to turn the rail over and guide 
it into the proper groove. The rail is pushed into the 
groove by a pair of small reversing engines driving suit- 
able live rollers, and the ease and rapidity with which the 
large engines can be reversed is such that they can roll 
four rails in four minutes. 

As will be seen from our engraving, the engines we 
illustrate are very strongly proportioned throughout, and 
have ample bearing surfaces. They were, as our readers 
are aware, started last year, and they have given entire 
satisfaction. Their makers, we may add, are now con- 
structing a similar pair for the steel works, of the 
Blaenavon Company. 


NOTES FROM THE SOUTH-WEST. 

Coal in the Vale of Neath—On Monday the hamlet of 
Clyne, near Resolven, was the scene of much rejoicing, the 
occasion being the striking of a vein of coal at the Clyne 
pit, the Pig ed of the executors of the will of the late 

r. H. B. itworth, of Northampton. An attempt was 
made several years since to sink the pit, but from some 
cause or other, combined with want of energy on the part 
of the then owner, the prospect was abandoned after a depth 
of 80 yards had been reached. When the property, how- 
ever, had changed hands, the work was vigorously recom- 
menced on the 4th of March, 1877, and since then it has 
been prosecuted unremittingly. The coal was reached at a 
depth of 208 yards, and promises to be a fine specimen of 
of the celebrated Resolven vein of steam coal, the thickness 
being over 2ft. 6in. The work has been carried out under 
the management of Mr. John Thompson. 


Bristol and North Somerset Ratlway.—The Bristol and 
North Somerset Railway directors are about to receive 
tenders for the construction of the Camerton branch (about 
3} miles in length). 

The Severn Bridge—The last cylinder of the Severn 
Bridge, near {Sharpness and Lydney, has this week been 
placed in a ya for founding. On Friday and Saturday 
a portion of one of the unfinished intermediate — was 
— ee but fortunately no other injury was done to 

e works. 


New Breakwater at Plymouth.—A new breakwater at 
Mount Batten is making excellent progress. It is the 
result of many deliberations on the part of the Cattewater 
Harbour Commissioners. The new breakwater is being 
constructed under the superintendence of Mr. Mounstephen, 
of Torquay, who constructed the Torquay harbour works, 
and similar works at Brixham are also under his superin- 
tendence at the present time. The new breakwater starts 
from the extreme point of the rock under Mount Batten, 
and takes‘a direction about due west, leaving the Cobbler 
buoy a little to the south. The construction is simple. 
Two massive walls of concrete will withstand the waves on 
either side, while the space between them will be filled with 
rough-hewn stone cemented over. The entire length will be 
900 ft. or 1000 ft., and the width 50 ft. The outer concrete 
wall will be 18 ft. and the inner 10 ft. thick, and the struc- 
ture will be 84 ft. above high water mark. Its construction 
is precisely} similar to the Torquay harbour works. The 
works, as already stated, are making rapid progress. The 
walls are 80 ft. or 90 ft. from the starting point on 
the rocks, and they sustained a severe trial in recent heavy 
weather. New work, it might be expected, would have 
suffered severely under the circumstances ; but such was 
not the case in this instance. The ing stood intact, 








and the newly cemented walls es little surface | © 


wear in p= most exposed " 
making daily progress, and arrangem 

for a formal inauguration of the work by 
memorial stone. 


aoties dont 


the laying of a 


Railways in the Forest of Dean.—Steps are being taken 
to commence the Forest of Dean Central Railway, which 
now joins the Great Western Railway at Awre 

line. The railway in question is held under 
by Great Western, and passes through the 


i 


with the | the 





valley of Blackeney, being the best line in the Forest, 
Dynes = employed od traffic with the a. 
outlet might be afforded. a 


NOTES FROM SOUTH YORKSHIRE. 
: 8 , Wednesday. 
The Value of Railway Competition.—The Midland 
Railway Casey are about to erect a new station at 
Iikestone, and the work is to be immediately proceeded 
=. a = 2 ee > — e Midland 
mpany have at this point since opening out of 
their line yo the Erewash Vale. The present station 
is a mile from the market-place of the town and very in- 
convenient, but this one will be more centrally situated. 
The erection of the new station has been rendered neces- 
sary — opening of the new line in connexion with the 
Great Northern are Company, the opening of which 
has adversely affected the traffic on the Midland. 
As the rival companies wi _— equal facilities to the 
public, a strong competition for patronage is , and 
a consequent reduction in fares. Apropos of this subject, 
however, it must not be f that in some matters the 
Boards of the Midland and Great Northern Railway Com- 
panies can agree. When trade was brisk four years ago each 
company bid for the coal traffic from the South Yorkshire 
district to London, and a sort of civil war between the 
rival interests ensued, coal being carried at a dead loss, 
some of the companies sinking a sum of 80,0001. rather 
than lose its prestige. This ruinous competition was 
settled on amicable terms, and now when trade is bad, the 
ca 2 small, and coalowners are labouring under singular 
difficulties, the railway companies are asked to make 
certain reductions on their rates in regard to the carriage 
of coal from South Yorkshire to London. But no favour- 
able reply to the request has been received. Rivalry for 
practice cold effect that which genuine competition is now 
unable to do. 


Unionism v. Invention.—It was announced in ENaI- 
NEERING a short time ago that the Master Cutler of Shef- 
field, Mr. David Ward, the largest manufacturer of sheep 
shears in the world, had given certain of his hands notice to 
quit or submit to a reduction of s. The men declined 
to make the concessions, and the Master Cutler is deter- 
mined to manufacture his sheep shears for certain markets 
by machinery. The new plant is being laid down, the “ old 
hands” are under notice, and after the Whitsuntide holi- 
days it is expected that this branch of manufacture will be 
conducted under the new régime. Unionism has led the 
men to resist the masters’ terms, and engineering skill has 
solved the problem by dispensing with the labour hitherto 
requisite. 

The Water Su of Worksop.—For many years past 
the inhabitants of Woche one of the most important 
market towns in this locality, have been subjected to great 
inconvenience because of the paucity of the water supply. 
New water works have however been constructed, mains 
laid, and during the present week for the first time a full 
supply of pure soft water has been given to the town. The 
water is said to be good in quality, and suitable for either 
household or manufacturing purposes. 


NOTES FROM CLEVELAND AND THE 
NORTHERN CUUNTIES. 
MrIppLEsBROUGH, Wednesday. 

The Cleveland Iron pany oer | there was a 
fair average attendance on ’Change at Middlesbrough, and 
a little before noon Earl Granville and » who were on 
a visit to Mr. Isaac Lowthian Bell, M.P., visited the 
spacious ere was a slightly better tone owing 
to the 
ran 











hall. Th 
belief that a permanent peace is likely to be ar- 
. Prices were the same as those of last week. 
Makers’ stocks are still large. 

Shipbuilding and Engineering.—On the northern rivers 
the engineers and shipbuilders are busy. A 
number of steamers are in the water, and at the various 

there are vessels in different stages of construction. 

he steel steamer at Messrs. Dixon and Co.’s at 
Middlesbrough is being rapidly proceeded with. e trial 
trip and practical working of this vessel is anxiously 
looked forward to. 


Cleveland Institution of Engineers.—The sixth and last 
meeting of the session 1877-8 was held in the hall of the 
Li and Philosophical Society, Corporation - road, 
Middlesbrough, on the evening of Monday, May 27th, 
Mr. Thomas Whitwell, President, in the chair. The pro- 
ceedings commenced with a discussion on the President’s 

aper read at last meeting, ‘“‘The Construction and 
anagement of Blast Furnaces.’’ This being the staple 
industry of the district, naturally brought out an animated 
discussion on some of the many di points connected 
therewith, Mr. Thompson, of Point Clarence, Mr. Wood, of 
the Tees Iron Works, and Mr. Marshall, of Ormesby Iron 
Works, rae de prominent lead. Mr. E. F. Jones also 
took part, bu’ — reference to what Mr. Peckin, the 
American engineer, said. The disputed points mainly 
referred to matters of practice. Mr. mas Mudd then 
on his machine for the 
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COMPOUND ENGINE FOR REVERSING RA 
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THE CORROSION OF BOILERS. 

Or the numerous subjects that are dealt with in 
the Blue Book containing the reports of the Ad. 
miralty Boiler Committee, to which we drew atten- 
tion on page 389 ante, that which probably 
the most general interest, is the cause of that kind 
of corrosion which is usually considered so mys- 
terious in its origin, and capricious in its effects. As 
the detection of the cause of this corrosion was the 
immediate object of the Committee being appointed, 
we shall deal with this subject first. 

The kind of corrosion to which we allude has 
long been known to take place in locomotive and 
stationary boilers fed with very pure water. By 
pure we mean water containing too small a quantity 
of lime salts to form a protective scale, and free from 
salts that decompose to form acids usually called 
corrosive, such as hydrochloric and sulphuric. It is 
only since the introduction and general adoption of 
surface condensers for marine engines that the want 
of a sufficient quantity of scale to form a pom 
coat on the plates and tubes has allowed this corro- 
sion to take place in marine boilers, where the evil 
is aggravated by the presence of chlorides introduced 
with the sea water. 

It has been known for more than sixty years that 
dry airand pure water deprived of air have sepa- 
rately no corrosive action on wrought iron at ordi- 
nary temperatures; but that air or oxygen dissolved 
in water, and being in a condensed state, oxidises 
iron very rapidly. It is many years since we first 
heard it suggested that the oxygen in the water 

ight be the cause of the Papen found in many 

ers fed with comparatively pure water; but as 
this suggestion of i was not sufficient to account 
for the apparently capricious action both with re. 
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gard to the position of the corrosion in the boiler, 
and to the form it assumes, this theory has not yet 
been generally accepted by engineers. 

From their investigations and experiments the 
Admiralty Boiler Committee have come to the con- 
clusion that the cause of much of the corrosion 
found in boilers where the plates are not protected 
by scale, is actually to be found in the action of the 
air and carbonic acid contained in solution in the 
feed water. The air dissolved by water contains a 
larger proportion of oxygen than ordinary atmo- 
spheric air, and it is this oxygen which contributes so 
much to the corrosion of iron, In pumping natural 
fresh or salt water direct from the source of supply, 
there is no difficulty in accounting for the presence 
of air in the water. In pumping distilled water from 
the surface condenser the air finds it way to the water 
by the feed pump, and becomes rapidly absorbed. 

We may consider this conclusion as proved, and 
that it will be henceforth generally accepted. Wedo 
notfind, however, inthe Admiralty Boiler Committee’s 
reports any attempt to classify the different kinds of 
corrosion met with, for instance, as pitting in 
isolated cavities, confluent pitting, honeycombing, 
and open grooving, general or local 
corrosion, orm wasting, corrosion with the edges 
sharp and well defined, or broken and ill-defined, 
&c. Until this is done, and the position where the 
corrosion takes place is noted, with a view to de- 
termine whether the corrosive action is induced, 
sustained, or assisted by the fretting or working of 
the iron from unequal expansion and contraction, 
or by excessive or frequent changes of temperature, 
and whether its appearance is affected by the wash 
of the water and other circumstances, the cause of 
any kind of corrosion cannot be exactly determined, 
Then the condition of the skin and body of the iron 
where the corrosion is found, whether the iron is 
flanged, welded, or has been smithed in any manner, 
or is as it left the rolls, and other conditions re- 
quired to be known. Now that we have one more 
certain element of destruction to look after in 
addition to those previously recognised, it behoves 
us more than ever to aim at being able, on seeing 
corrosion in any of a boiler, to decide as to 
which corrosive agent it is to be ascribed. 

In order to assist in the work of placing the in- 
vestigation of the corrosion of boilers on a sound 
basis, we will test this last accepted theory by apply- 
ing it to account for the pitting in isolated cavities, 
almost invariably found in boilers fed with compara- 
tively pure water. 

The difficulty in accounting for this pitting is two- 
fold, (1) its appearance in isolated epota, and Fe 
apparently capricious position in the boiler, i 
pitting usually begins by a very nearly circular 

m of oxide from 4, in. to 4in. in diameter form- 
ing on the surface of the plate. This in time becomes 
a light brown crust covering a slight swelling or 
tubercle. On removing this tubercle the plate is 
found pitted to a depth that may vary from the 
thickness of the skin to } in., or even more. This 
cavity is filled with a dark-coloured powder, which 
often consists only of carbonates and sulphates of 
lime and magnesia, oxides of iron and alumina, and 
silicates. In some cases traces of chlorides of 
iron have been detected. If the powder be not 
removed the cavity may go on increasing in 
depth until the plate is completely perforated 
without any considerable increase in diameter. 
Sometimes simply removing this powder and clean- 
ing out the cavity is sufficient to arrest the progress 
of the corrosion. In other cases it is necessary to 
fill the cavity with cement or‘pitch, or more simply 
to smear it well with petroleum, 

If we admit that the films of oxide, in which 
these cavities originate, are produced by the oxygen 
in solution in the water, it isnot difficult to account 
for their taking an approximately circular form and 
being isolated. The particles of air in the water 
will be attracted by, and tend to collect at, that 
mass of matter which exerts the greatest attractive 
force uponthem, This may be shown by boiling 
water over a flame. Prior to the first s of 
ebullition, when the air in the water is di and 
becomes visible, so to speak, the bubbles will be 
seen to collect at any point of sand or foreign 
matter that may be on the bottom of the vessel. 
The mobility of the particles of air allows them to 
collect at the mass of matter which attracts them 
most, 

With this fact before us it is not unreasonable to 
conclude that any accidental irregularity on the 
8 of a boiler plate will determine the points 
at which the particles of air or gas in the water will 


congregate. When the oxidation has once be,un 
the attractive influence of these centres probably in- 
creases, and the presence of the oxides once formed | 
is sufficient to account for the further progress of 
the corrosion which takes the form of pitting. 
It appears to us that the very form and dispot 
tion of the isolated cavities is an evidence of the 
gaseous nature of the agent to whose presence their 
origin is due. 

is simple theory, now advanced we believe for 
the first time, to account for the origin of a pheno- 
menon which has puzzled many eminent chemists 
and metallurgists, is certainly more reasonable than 


the galvanic theory which is still generally held, and 
which always breaks down when applied to steel 
and very pure iron. In fact, the more pure the 


iron and steel the more liable is it to become pitted 
under equally favourable conditions. 

According to our theory the isolation of the 
cavities and their circular form should be more 
marked when found in those positions where the 
body of water is comparatively quiet. Where the 
water is flowing past, isolated cavities will not be 
formed and the corrosion will be more equally 
spread over the surface, 

One reason why the presence of air in water has 
been rejected as a cause of pitting inside a boiler, 
is that where intense local corrosion takes place out- 
side a boiler, as, for instance, at a leak, it seldom or 
never takes the form of pitting, This reason will 
probably be ur, against the soundness of the 
theory we have just broached, But this objection 
is easily disposed of by the fact that unless the ex- 
ternal part affected is actually lying in water, there 
is no facility offered for the particles of air and gas 
to collect at certain points. In most cases of ex- 
ternal corrosion there is more gas than water to 
do the mischief, whence external corrosion is always 
more or less diffused, except, of course, when it 
takes the form of grooving, which is due to the iron 
being under local strains, which renders it pecu- 
liarly susceptible to the action of the corrosive agents 
where the grooving is found, 

Another objection to this ‘air in solution theory” 
was that as soon as heat is applied to the water the 
contained find their way to the surface and 
escape. No doubt they do at atmospheric pressure, 
but when the water is pumped into the boiler under 
considerable pressure the air will be retained in 
solution, especially in those parts of the boiler which 
are not very effective as heating surface. 

With respect to the — of the pitting in 
various parts. of the boiler, these isolated cavities 
are seldom found on plates over the fire where the 
water is in the most favourable position for rapid 
circulation, When isolated cavities appear in such 
positions it will generally be found they are produced 
when the boiler isidle, and water is allowed to 1 
at the varts affected. Of many so-called remarkable 
cases we have met with, we may mention one where 
only two plates out of ten in the bottom of a boiler 
were found pitted nearly through, one near the 
middle of its length and the other near the edge. 
In one plate there were three cavities, and in the 
other only two. The use of soda, which had been 
found so efficacious in arresting some kinds of corro- 
sion, had no beneficial effect here, nor has it in such 
cases. It was accidentally discovered that these 
spots where the pitting was found were under the 
steam and feed pipes. ‘These dripped sometimes when 
this boiler was empty, and the water and contained 
gases that collected when the boiler was cold started 
the corrosion, which afterwards was continued when 
the boiler was at work. 

The pitting most frequently met with is perhaps 
that found near the water level round the shells of 
horizontal and vertical boilers, both with and with- 
out external flues. In this position the cavities are 
not so deep but are much r superficially than 
the others, nor is their shape so re and nearly 
circular. They are frequently found beneath a coat- 
ing of carbonate and sulphate of lime, and it is 
doubtful whether in many cases this pitting is due 
to the oxygen and carbonic acid in the water. The 
form and disposition of the cavities do not give the 
impression that that they are due to the collection 
of air bubbles at certain points, like the pitting in 
the case we mentioned above, or like that found on 
the under side of the flue tubes in Lancashire and 
Cornish boilers, and on the plates over the brick- 
work or in the coolest parts of horizontal and vertical 
boilers where the air is most likely to be held longest 
in solution. 





In many cases the buckling or working to and 
fro of the plate at any patton point renders the 
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material more susceptible to the influence of the 
action of the air in the water. Pitting in such cases 
usually takes the form of honeycombing at first 
along the line of strain and frequently developes 
into grooving 


The whole ‘subject of corrosion requires ventila- | p 


tion and treating in a more systematic manner than 
hitherto, by those possessing such excellent opportu- 
nities for observation as the newly appointed Ad- 
miralty Boiler Committee should have, and as the 
engineers of the various boiler inspection and in- 
surance companies have long had. 





THE ACTION OF RAILWAY BRAKES. 
No one who has carefully analysed the per- 
formances of railway brakes under different condi- 
tions can fail to have been struck by certain irregu- 
larities in action which do not admit of satisfacto 
explanation. Thanks, however, to the facilities whic. 
have been afforded by the London, Brighton, and 
South Coast Railway Company for ing out a 
series of experiments on their line, there is now a 
hope that the reasons for these anomalies will 
made clear and much light thrown upon obscure 
points connected with the laws of friction. As our 
readers are aware, the London, Brighton, and South 
Coast Railway Company a short time since selected 
the Westinghouse automatic brake for adoption on 
their system, and the experiments of which we are 
about to speak are pa aoe out by the aid of 
an apparatus devised by Mr. Westinghouse, who has 
had the cordial co-operation of Mr. Stroudley, the 
locomotive superintendent of the line, in the per- 
fecting of his arrangements. The experiments 
were undertaken, in the first place, to afford data 


for a r on continuous brakes which is to be 
read by Captain Douglas Galton before the Institu- 
tion of M ical Engineers at their Paris meeting 


next month, but itis intended that they shall be 
extended, and judging from the results so far ob- 
tained they promise to afford practical information 
of much value to all concerned with the efficient 
control of railway trains. 

It would be unfair to Captain Galton that we 
should in any way anticipate his paper, and we do 
not propose, therefore, in the present article to deal 
with any of the numerical results which have been 
so far obtained in the trials under notice, but 
merely to describe the general bearing of the ex- 
periments and to explain the manner in which they 
are being conducted. The three chief points re- 

ing which information is being sought are: 
irst, the effects of various pressures on the brake 
blocks in producing skidding at different speeds and 
with different conditions of rails, &c.; second, the 
amount of retarding force measured by the pull or 
thrust upon the brake blocks due to their hold on 
the wheels under different conditions; and third, 
the actual amount of retardation due to the action 
of the brake as measured by the strain on the draw- 
bar of the braked vehicle. The observations also 
include the accurate recording of the d of the 
vehicle during the application of the brakes as well 
as other matters to which we shall refer hereafter. 

We shall in a future number illustrate and fully 
describe the arrangements which Mr, Westinghouse 
has devised for obtaining information on the points 
above enumerated, but meanwhile we may explain 
their general nature. The vehicle which Mr. 
Stroudley has fitted up for the experiments is a four- 
wheeled passenger brake van, having brake blocks 
applied to both sides of all the wheels, provision 
being however made for throwing out of action the 
blocks on one pair of wheels, so that when desired 
only those blocks may be used which have the 
gece ape arrangements applied to them. 

or some of the experiments it is also necessary to 
allow one pair of wheels to revolve freely for other 
reasons which we shall — presently. The van 
is mounted on wooden disc wheels 3 ft. 7} in. in 
diameter, these wheels having steel tyres, and being 
at present fitted with cast-iron brace blocks. Other 
kinds of blocks are, however, to be experimented 
upon in due course. We may mention that to insure 
good contact from the commencement of the experi- 
ments, the brake blocks now in use were bored to 
fit the wheels. 

In our number of March 15th last (vide page 203 
ante) we gave engravings of the standard form of 
brake rigging adopted by the London, Brighton, and 
South Coast Company, and a reference to the views 
then given will aid in rendering clear our explana- 
tion of the apparatus devised by Mr. Westinghouse 
for ascertaining and recording the various strains. 


The diagram subjoined indicates the general nature 
of the arrangements agleyes: Tn this di ais 
the push-rod connected to the piston of the Westing- 
house brake apparatus, this rod transmitting the 
pressure from the piston to the brake rigging. The 
ush-rod a is coupled to the upper end of a lever 3, 
this lever being one of a pair 4 5,, standing vertically 
on opposite sides of the axle, and having their lower 
ends connected by a link c. From the upper end 
of the lever 4, another push-rod d goes off to the 
plunger of a small hydraulic cylinder e, of the con- 
struction of which we shall have to speak presently. 
The corresponding blocks on opposite sides of the 
vehicle are connected by light trussed bars, and 
these bars are coupled at the middle of their length 
to the levers 4 4, by the links / f,. In this way it 
will be seen that any strain applied through the 
push.rod ais equally distributed to the four blocks 
with which the pair of wheels is fitted, while a strain 
equal to that on the push-rod a is transmitted to the 
—— d, and through it to the plunger of the 
ydraulic cylinder e. 
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This hydraulic cylinder is an important feature in 
the arrangement. e plunger here referred to has 
an area of 30 square inches, and it bears against a 
flexible diap suitably held. To insure that the 
cylinder beyond the diaphragm shall be always full 
of water, there is provided within the van a loaded 
pump plunger, or practically an accumulator, con- 
nected with the hydraulic cylinder by a small 
copper pipe, not shown in the diagram. When all 
is in proper order the communication between the 
accumulator and the cylinder is closed by a small 
valve, but if from any leakage the plunger depresses 
the diaphragm beyond a very small fixed distance 
this waive is opened and a further supply of water 
enters the hydraulic cylinder from the accumulator. 
By this ingenious contrivance it is insured that the 
cylinder is always kept full of water, and the 
existence of any slight leaks does not therefore 
cause any straining of the diaphragm, while on 
the other hand the pressure on the accumulator in 
no way affects that produced in the hydraulic 
cylinder by the pressure of the thrust-rod d. 

To measure the pressures produced in the hy- 
draulic cylinder ¢, an ordinary Richards indicator 
(connected to this cylinder by a copper Pipe) is 
employed, the motion to the paper drum of this in- 
dicator being given by a water clock, which also 
drives the other indicators, to which we shall refer 
presently. The water clock, which is convenient] 
arranged on the floor of the van under a table whic 
carries the indicators and their driving gear, con- 
sists simply of a plunger working freely in a hy- 
draulic cylinder, this plunger being weighted, and 
the water being allowed to escape from beneath it 
through a very fine aperture. e rate of descent 
can, of course, be modified at will by altering the 
size of the hole of escape, or by varying the weights, 
and it can thus be adjusted to that found most suit- 
able for the experiments. To the plunger of the 
*‘clock” is connected a cord which L wy over a 
pulley fixed on a light horizontal shaft suitabl 
mounted, this shaft carrying other pulleys from whic. 
cords are led to give motion to the paper drums of 
the Richards indicators, as already mentioned. 
Provision is made for refilling the ‘ clock” cy- 
linder from the accumulator above referred to. 

To measure the drag or thrust upon the brake- 
block hangers—or what for convenience we 
term the tangential strain at the periphery of wheels 
due to the action of the henkeo—the | hangers gg, are, 
as shown in our diagram, connected not to the frame 





of the vehicle as is usual, but to a beam 4 having a 





central fulcrum attached to the floor of the van. At 
three-eighths of the | of the beam from its 
centre, there is conn to it the plunger of a hy- 
draulic cylinder i, this cylinder being similar in all 
respects to that at ¢, already celine! to, and like it 
being connected to a Richards indicator by a small 
copper pipe. There are two of these beams 4, one 
on each side of the vehicle, each having its own hy- 
draulic cylinder and Richards’ indicator, It will 
readily be understood that with the wheels revolving 
in the direction indicated by the arrow, the effect 
when the brake is applied is to exert a downward 
pull on the hanger g, and an upward thrust on that 
marked g;, the result being a tendency to tilt the 
beam 4 on its centre, and thus apply a strain on the 
plunger of the cylinder i, and this strain is measured 

y the pressure of the contained water, as shown by 
the indicator. 

In a similar way the strain on the drawbar is 
measured by connecting its end to the centre of a 
beam having a fixed fulcrum at one end while its 
other end rests on the plunger of a hydraulic cy- 
linder of the same construction as those already 
described. In this way half the strain on the draw- 
bar is imposed upon the hydraulic plunger. The 
hydraulic cylinder for the drawbar is like the others 
provided with its Richards’ indicator, There is 
thus one indicator for measuring the pressure on the 
brake blocks, two for measuring the tangential 
force acting at the periphery of the wheels, and a 
fourth for measuring the pull on the drawbar. 

Besides actuating the paper drums of the four 
Richards indicators already mentioned, the water 
clock also drives that of Mr. Westinghouse’s speed 
indicator described by us some time ago (vide page 
203 of our twenty-second volume, This indicator is 
driven by means of a belt and friction wheel ar- 
pene from the axle to which the experimental 
brake apparatus is applied, and it thus indicates by 
a break in the diagram drawn by it the instant at 
which skidding—if any—takes place, and the speed 
at that instant, The van likewise contains a dis- 
tance measurer driven from the pair of wheels from 
which the brakes can be disconnected, and also a 
couple of Mr, Stroudley’s simple speed indicators, 
one driven from each axle. A gauge is also fitted 
for showing the pressure of air available for working 
the brakes, and means are of course provided for 
applying or releasing the brakes at pleasure. 

e mode of conducting the trials is as follows : 
The van being attached to an engine and the speed at 
which it isdesired to make an experiment having been 
attained, the brake is applied and the water clock 
started simultaneously, and the pencils of the 
various indicators being all in contact with their 
papers, di are simultaneously taken recording 
the speed, the pressure on the brake blocks, the 
tangential force at the periphery of the wheels, and 
the strain on the drawbar. In some investigations 
the steam is shut off from the engine at the time 
the brake is applied, and the brake then, of course, 
brings the vehicle to a stop; in other cases steam is 
kept on and a regular speed maintained, so that 
the behaviour of the brake at that speed may be 
analysed. In other cases again the van is detached 
from the engine when running by the use of a slip 
coupling, thus enabling the efficiency of the brake 
as a train stopper er different conditions to be 
ascertained. 

We have, as we have already stated, no intention 
to enter in the present into any detailed examina- 
tion of the results which have so far been obtained 
with this experimental apparatus, but we may direct 
attention to a few of the salient points respecting 
which it affords mosf valuable information. Before 
doing this, however, it is only right that we should 
bear testimony to the admirable manner in which 
the arrangements we have described fulfil their re- 
spective purposes. We had the pleasure on Tues- 
day last of taking in some trials carried out by 
Captain Galton, Mr. Stroudley, Mr. Westinghouse, 
and a staff of observers on the line between Brighton 
and Three Bridges, and in no case was there any 
failure in the performance of the es, while 
the results obtained were thoroughly consistent 
amongst themselves, The general manager of the 
line, Mr. Knight, the engineer, Mr, Bannister, and 
the traffic superintendent, Mr. Williams, were 
present during a portion of the experiments. 

The two points to which attention was princi- 


shall | pally directed on Tuesday were, first to ascertain 


the relative retarding effect of skidded and unskidded 
wheels, and, secondly, to determine the effect of 
speed rr the hold obtained by the wheels on the 
rails. On both of these points evidence of a very 
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positive kind was collected. In the first place, when 
the brake was applied with sufficient force to insure 
skidding, the tangential force diagrams showed a 
high and fairly uniform strain from the moment of 
application up to the commencement of skidding. 
Just at the instant of skidding there was a great 
and very sudden rise in the tangential resistance ; 
but immediately afterwards this resistance yeys 
almost to zero, and then rose again to about half its 
original amount, the retarding force during the time 
the wheels were skidded thus being only about half 
that obtained prior to the skidding. Just at the 
moment of the brake being released there was 
another great but momentary increase in the tan- 
gential force recorded. These results were quite 
unexpected as far as the great extent of the varia- 
tion in the resistance of skidded and unskidded 
wheels is concerned, but the manner in which the 
indications of the tangential force diagrams are 
corroborated by those denoting the strain on the 
drawbar render it impossible to doubt their ac- 
curacy. 

While, however, the relatively small hold on the 
rails of a skidded wheel is clearly shown by these 
experiments, it is impossible to say without further 
investigation that they afford results entirely con- 
demnatory of the practice of skidding as a means to 
secure a prompt stop. When a brake is applied 
with so great a force as ultimately to produce 
skidding, a great amount of effective work is done 
prior to the skidding occurring, and under certain 
conditions the advantage thus gained more than 
counterbalances the loss of effect after the skidding 
has taken place. It is this circumstance probably 
which has caused such contradictory evidence to be 
given as to the effect of skidding and not skidding 
wheels. The experiments of Tuesday last show that 
the greatest effect will be obtained by applying a 
great pressure promptly, and then reducing that 
pressure as the skidding point is approached, so as 
always just to avoid skidding. In the case of a 
brake which does not admit this being done, 
however, it is quite possible that skidding may under 
some circumstances be advisable. 

Another point of much interest shown by the 
trials was that while a relatively intense pressure 
on the blocks is required to skid the wheels, a com- 
paratively moderate pressure will keep them skidded, 
and in fact at high speeds when once skidded it is 
only by nearly taking the brake off that they can 
be caused to revolve again. In considering this 
point, however, the effect of the energy stored in 
the revolving wheels must be allowed for. When 
the blocks are first applied, a portion cf the tan- 
gential resistance is absorbed in destroying this 
energy ; when, however, the wheels have once been 
skidded the inertia of the mass of the wheels aids 
the grip of the blocks in retarding the communica- 
tion of motion to the wheels by contact with the rails. 
Any further examination of this point, however, 
could only be profitably carried out by referring to 
numerical results with which it is not at present our 
intention to deal. 

Perhaps, however, the most interesting results 
obtained from last Tuesday’s experiments were those 
showing the wonderful effect of speed in modifying 
the hold of a wheel upon the rails. During part of 
the trials on Tuesday the experimental van was at- 
tached to the rear of a special train drawn by Mr. 
Stroudley’s fine express engine the ‘‘ Grosvenor,” 
while during the later experiments the engine hauled 
the van only, and was thus able to keep up a good 
speed even with the brake applied. The results ob- 
tained very decisively showed that the higher the 
speed the less was the adhesion between the wheels 
and rails. One way in which this was very clearly 
indicated was by allowing the speed to diminish while 
the wheels were kept skidded, the tangential force 
diagrams then showing a steady rise as the speed 
decreased, the adhesion in some cases rising to 
double its original amount, This result is directly 
opposed to those derived from experiments on the 
friction of lubricated surfaces, and it will be interest- 
ing to trace out how far it is modified by different 
conditions of rails, state of tyres, &c. As far as can 
be at present judged, it appears te be due to the 
fact that under the intense pressure per unit of area 
of contact between a wheel and rail, the minute 
roughnesses of the surfaces interlock to a greater or 
less extent at slow speeds, while at high speeds they 
are unable to do so. The action may be likened 
broadly to that which occurs when an undulated 
surface is moved over another similar surface in a 
direction at right angles to the undulations. At 
slow speeds the undulations will;interlock, and the 





upper surface can only be moved with difficulty ; at 
a high , on the pF hand, the undulations of 
one surface will skim over those of the other, and the 
resistance to motion will be vastly less. 


Amongst other experiments carried out’on Tuesday 
two trials were to test the stopping power of 
the brake on the van being detached from the engine 


by the use of the slip coupling. On the firet occasion 
the brake was applied so as to skid the wheels, and a 
stop from a mate | of 40 miles per hour was made in 
12} seconds, On the second occasion the air pressure 
was regulated by Mr. Westinghouse so as just to 
avoid skidding, and a stop from a speed of 46 miles 
hour was made in 12 seconds. In each case the 
ces run were only approximately determined, 
so that it is unnec to record them, It will be 
noticed that in these cases the stop made without 
skidding showed most decisively the best results, 
while as far asthe comfort of those travelling in the 
van was concerned, it was the one a" to be 
preferred, no unpleasant shock being felt. 

We have now given a general idea of the nature of 
the experimentsin —- on the London, Brighton, 
and South Coast Railway, and we have, we think, 
said enough to show that Captain Galton’s paper, to 
be read the week after next at Paris, will be one deal- 
ing with matters of exceptional interest. We shall, 
we need scarcely sey, e an early opportunity of 
returning to this subject, and treating in detail the 
lessons to be derived fromthe experiments. Mean- 
while in taking leave of the latter for the present, it 
is only right that we should say a few words respect- 
ing the manner in which the application of the 
Westinghouse brake to the London, Brighton, and 
South Coast Railway Company's stock is being 
carried out by Mr. Stroudley. Mr. Stroudley has 
adopted the general arrangement of brake rigging 
devised by Mr. Westinghouse, and lately illustra 
by us (vide page 203 roan but after a series of ex- 
ee on its powers of resistance to strain he has 

een able by modifications of some details to obtain 
an increased strength while reducing the weight 
about 80 lb. per vehicle. He has besides introduced 
modifications of details to suit his particular engines 
and rolling stock, and has succeeded in producing 
what is really a model arrangement of brake gear. 
Amongst other neat devices he has, for instance, 
in the case of the “ Grosvenor,” substituted for the 
usual air reservoir, a pair of wrought-iron tubesabout 
7 in. in diameter, extending the whole length of the 
engine on each side under the footplate, where they 
are practically invisible. We may add that the 
fitting of the brake to stock is being rapidly pro- 
ceeded with, and we understand that on and after 
to-morrow the brake will be in regular use on the 
express trains run between London and Newhaven 
in connexion with the company’s Continental service 
vid Newhaven and Dieppe. 








TELEGRAPHIC APPARATUS AT THE 
PARIS EXHIBITION.—No. III. 

Art the entrance to the French telegraphic annexe 
there are erected a variety of iron re poles, 
which are destined to supplant wooden poles in the 
French Telegrapan Service. Until recently posts of 
fir, saturated with sulphate of copper, have com- 
monly been employed in France, but iron poles are 
beginning to replace them, The extreme poles of 
those on view are fine specimens of wrought-iron mast 
poles 82 ft. (25 metres) in height, in thirteen lengths, 
and tapering gracef Each is founded 6 ft. 6 in. 
in the earth, and is fitted with iron brackets to 
serve as aclimbing ladder. The cross section of the 
pole is of the form shown in Fig. 1, the width from 





A to B at the foot being 21 in., diminishing to about 
half of that at the top; while the thickness of the 
= A B is about ffin, Another tall pole ex- 

ibited is built up of two wrought-iron plates of the 
section C D, shown in Fig. 2. This sort of pole 


is in use to swing the wire over wide rivers, such 
as the Seine. 


There are a number of smaller posts from 15 ft. 
to 20 ft, high formed throughout of H and T iron 





44 in, wide. These are founded in a block of fine 
concrete, a metre (3 ft. 3 in.) deep, and serve to 


two wires. A very rigid pole of greater 
height is built up of three Brn gh enclosing a 


wrought-iron spiral which is rivetted to them. It is 
made by M. Vauzelle, of Paris, Another con- 
structed by De Lataille, Paris, and designed for 


bends on the line, is built of angle-irons, as sketched 
in Fig. 3, L. L being the level of the ground, and 
the foundation being of concrete. 





A py of the wooden poles exhibited is 
worth mentioning. It consists in casing the pole 
where it enters the soil with a tarred iron cylinder 
to — decay of the wood at that point, 

ne of the large iron poles is fi with an iron 
test box or chamber at the height of a man’s breast 
above the ground. This form of test box is the in- 
vention of M. Clérac, of the French Telegraphic 
Service, and is designed to supersede the ordinary 
test boxes at the tops of poles. The box opens so 
as to form ashelter for the person testing the lines ; 
the front plate, steven Bator to form a canopy, is 
cunpartel by the two halves of the door, which open 
outwards. It contains a connecting board insidé 
fitted with a vertical row of terminals, and the two 
sections of each line are connected together at one 
of these terminals. It is, therefore, possible to test 
either section of the line ae eee it from 
the terminal, The leads from the lines to the 
terminals are of gutta-percha or india-rubber covered 
wire, and are brought inside the hollow iron post 
to the test box, so that they are always under 
cover. There is also a trough for tools in the box. 
The test pole exhibited is made by M. Desgoffe, of 
Poissy, near Paris, and contains a connecting board 
for 22 wires. 

Another of these iron poles is specially designed 
for the junction of aerial and subterranean lines. 
It is provided with a small chamber in its interior. 
A small iron door opens into it at a convenient 
height above the ground, and the junctions are 
thus readily accessible, Both the overhead and 
underground lines are brought inside the hollow 
pole and they are connected together, entirely under 
cover, by, the intervention of a lightning guard to 
protect the underground line from —. This 
we and guard are also ee y M. Clérac, 

ch guard is fixed to an iron flange inside the pole. 
In principle it is the ordinary point discharger 
composed of two parallel plates grooved at right 
angles to each other, so that the serrations cross 
each other and form a multitude of opposed points ; 
but its peculiarity consists in its being made water- 
tight, so that it may be wholly immersed in water, 
The bottom of the — is formed of the serrated 
earth plate, and is fixed to the iron flange within 
the pole. The line plate which discharges across 
to the earth plate is supported above the latter by 
ebonite bearings. Two terminals are screwed into 
its a side, one for the air wire and the other 
for the ground wire, and these terminals are, there- 
fore, in connexion with each other through the 
plate. The signalling currents pass freely from one 
terminal to the other, that is to say, between the 
air line and the ground cable; but atmospheric 
discharges of dangerous tension, coming from the 
air line, discharge across the point to the earth 
plate, and so do not enter the ground cable, The 
two plates are covered by a hard rubber lid ¢, Fig. 
4, which has two caps a 4 upon it to enclose the 


4, Wing : Fig 4 - a a 
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terminals. The tops of these caps screw off to 
permit of access to the terminals, and the wires 
enter to the terminals by holes so cut in the lip of 
the lower half of the cap, that on screwing the top 
of the cap tight on, the wires entirely fill up the 
hole and prevent any water getting in, The cover 
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eis fitted close to the earth plate by waxing the 
joints, In this manner the interior of the guard 
can be kept even under water, since water is 
everywhere excluded from it. The earth plate is 
nickeled on its exterior, and the guard in size is some 
34 in. long by 2in. wide. ; 

Another feature of these junctions between air 
and ground lines is the use of short bent tubes of 
white porcelain, which are employed to guide the 
wire from the insulator on the exterior to the in- 
terior of the pole, without allowing it to touch the 
pole, These poles are painted slate colour. Many of 
them have pointed tops to serve as lightning tips, and 
an earth wire from the base of those founded in con- 
crete is led into the soil. 

The insulators on the poles, and the majority of 
those exhibitedin the French Department, areof white 
porcelain, with ears projecting upwards on opposite 
sides of the bulging knob to which the line wire is 
fixed. They are either single or double cup insu- 
lators of the general form sketched in Fig. 5. The 





wire s on one or other side of the knob, and is 
lashed with finer wire to the knob and the nearest 
ear or lug. Brown porcelain insulators are not to 
be seen. They are not usedin France. The insu- 
lators are fastened to the angles of the poles by 
galvanised iron brackets of circular section. 

one pole we counted as many as forty of them. 





LOCOMOTIVES AT THE PARIS 
EXHIBITION.—No. II.* 
GREAT BRITAIN — (continued). 

Tue six-coupled tank locomotive which we have 
already mentioned as being exhibited by the London, 
Brighton, and South-Coast Railway Company is 
one of a type which Mr. W. Stroudley, the loco- 
motive superintendent of that line, introduced some 


On | 


| Average load eight carriages , seated for 324 passengers. 
| Maximum load carriages. 

| - Weight of engine in working order... 24 tons 7 wt. 
and train exclusive 


” 


of passengers... ste . ge 
Estimated weight of passengers .. 20 ,, a. 
Gross weight of engine and train per 

passenger... bed he ... 4ewt.3 qrs. 17 Ib. 
Average consumption of coal per 

train mile ee 20.15 Ib. 


Average water evaporated per pound 
of coal... pe ope age a 38, 
Average temperature of feed water ... 147.7 deg. 

The London, Brighton, and South Coast Com- 
pany have now forty-two engines of the type 
exhibited, and thirty-two of these have, we learn, run 
collectively 2,500,000 train miles. They come into 
the workshops, Mr. Stroudley informs us, on an 
average once in twenty-one months to have their 
tyres turned, the average reduction in thickness of 
tyres (including turning) being 4in. per annum, 
and the cost of repairs up to this date being 
0.052 pence per train mile. The mileage averages 
25,232 train miles per annum. Although the 
average loads are as given above, one of these 
engines has taken up a gradient of 1 in 100, a train 
consisting of thirty-six wagons partly loaded, the 
weight exclusive of the engine exceeding 200 tons, 

We shall hereafter publish a full description 
of Mr, Stroudley’s locomotive, meanwhile we may 
give the leading particulars of it. It is, as we have 
already said, a six-coupled tank engine, and it has 
inside cylinders 13 in, in diameter with 20 in. stroke. 
The wheels are 3 ft. 11} in. in diameter and the 


13* X20 _ 71.15 Ib. for each 





tractive force is thus 


pound of effective pressure per square inch on the 
pistons. The wheel base is 12 ft., the spaces between 
the leading and driving and driving and trailing 
wheels being equal. The boiler, which has ample 
water spaces, contains 125 tubes 13 in, in diameter 
and 8 ft. 3}in long, these giving 470 square feet of 
external recy: | surface. The firebox surface is 
55 square feet, thus making the total heating surface 


525 square feet. The firegrate area is 10 square 
feet, the sectional area through the tubes (disregard- 
ing ferrules) is 1.54 square feet, while the diameter 
of the chimney at the smallest part is 11 in., giving 
an area of 0.66 square feet, and the diameter of the 














six years ago for working local metropolitan traflic, 
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after running 185,446 miles without renewal. These 
parts are well worth careful examination, as they 
show the durability which can be obtained by the 
employment of good materials and workmanship, 
combined with the tori me of ample wearing 
surfaces. ietade ey Looe ret ot eccentric 
straps on all his engines, and we would especiall 
direst attention to the exceedingly small wetrahows 
by those exhibited at Paris after having run the heavy 
mileage above mentioned. 

In addition to the locomotive and set of parts, the 
London, Brighton, and South Coast Railway Com- 
pany also show at Paris a number of photographs of 
engines and rolling stock, some of these representing 
standard trains for different classes of traffic. They 
likewise show an excellent model of one of the 
steamers for their Continental service, and altogether 
their display is a model of its kind, and one of the 
most interesting in the Exhibition, as it fairly 
illustrates the practice of an important railway 
company. We can only regret that other of our 
— lines are not similarly represented at 

aris 


The locomotive exhibited by Messrs. Fox, Walker, 
and Co., of Bristol, is a coupled tank engine of the 
normal gauge, and of a type which the makers con- 
struct for contractors’ purposes. The cylinders, 
which are outside, are 14 in. in diameter, with 20 in. 
stroke, and the wheels are 3 ft. 6 in. in diameter, the 


14° x 20 _ 86.6 Ib. for each 


pound of effective pressure per square inch on the 
piston. The wheel base is, kept short, namely, 
9 ft. 8} in., the driving axle being midway between 
the leading and trailing axles. In some cases 
where exceptionally sharp curves have to be 
traversed, Messrs. Fox, Walker, and Co. make 
these engines without flanges on the driving wheels, 
and gives these wheels wider tyres than usual. Inthe 
engine shown at Paris the wheels are of wrought iron, 
but more usually Messrs. Fox, Walker, and Co. 
make the wheels of these contractors’ engines of 
cast iron, and with very satisfactory results. This 
being so, it is, we think, a pity that the practice was 
de from in the case of the Exhibition engine. 

he boiler is of the ordinary type, with brass 
tubes and copper firebox, and its leading dimensions 
are as follows: 


tractive force being thus 








) 


the first six engines of the class having been put 
upon the line in 1872. The engines, we may men- 
tion, formed omy of a =r set of rolling stock 
designed by Mr. Stroudley for this local traffic. In 
designing this stock Mr. Stroudley had especially in 
view the reduction of dead weight and consequent 
working expenses, and he therefore adopted a light 
type of engine coupling all the wheels to get the 
requisite adhesion, and Seaton the wheels small so 
as to maintain a good se speed at the moderate 
speed at which the | trainsare run. In the car- 
riage stock, also, he introduced many improvements 
in detail, and by careful proportioning managed to 
reduce the d weight considerably as compared | 
with the stock in use on other lines for similar 
trafic, while he did this without interfering with the 
comfort of the passengers. Thus the capacities of 
the different classes of carriage are as follows : 


’ ; cubic feet. 
Cubic capacity per passenger 1st class 49.5 
o> ” ” 2nd »” 23.3 


” ” ” one 3rd » 25.0 

He also adopted the central combined buffer and 
draw-bar system for all this stock except the guards’ 
vans (which have at one end a pair of Ceties to suit 
those on the engines), and by so doing gave his trains 
greater flexibility. 

The results of the working of this stock have 
been most satisfactory. The engines are employed 
ae on the East London and South London 
ines, of which lines we append sections showing 
the gradients, and the particulars of their average 
performance are as follows : 





* Since our first article appeared, a locomotive from the 
United States has made its appearance at the Exhibition. 
American locomotive practice will thus be to some extent 
represented. 
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VOTAL LENGTN 4 MILES 47 40 CHAINS Sones 
blast nozzle 3$in. The proportions of the boiler are ft. in: 
thus as follows : nie - — (inside) iat 3 4 
Ratio of firebox heating surface to ex- sans <: “apheresis Ee 
ternal tube curfecd 1: 8.86 Length » between tube-plates 8 it 
Ratio of grate area to total heating Diameter _,, (outside) ... Ree 01 
Moe y ae. dn ie w = 1:525 Mestlag euthene: Feeken va 
De a ee 8 Oe Tubes (outside 488 
Ratio of least sectional area of chimne 7 
to grate area... ve _ nd 1:15 Total ove 522 
The pressure at which the boiler is worked is Fi te Gan 
140 lb. per square inch, The feed water is carried Sectional oon through tubes (disregard- oad 
in wing tanks containing 500 gallons, and an ing ferrales a =x) a ug ef 1.54 
arrangement is provided heating the feed by Sectional area of chimney (13} in. dia.) 0.994 
a portion of the exhaust steam. The boiler is fed Ratio of firebox surface to tube surface 1 : 12.4 
by pone. i, feel is curried in a bunker at the ana eee Se aa 
rear of the foot-plate, this bunker carrying 11 cwt. : winte txen to tienes, 
of coal. The a eres exhibited wb, Saal of its py ete = ae Be a “¢ ai SFY 1: 4.72 
class, constructed at the company’s works at Ratio of firegrate area to sectional area : 
Brighton, and is a most creditable piece of work ofchimney = we se ee we 1 7.8L 
in opens way, the machine work being especially | The safety valves are loaded to a pressure of 
good. It is fitted with the Westinghouse brake, | 120 lb. per square inch, and the boiler is fed by a 
which, as our readers are aware, is being generally | No. 5 Giffard’s injector. 
applied by the London, Brighton, and South Coast} The working gear is of good proportions and 
Company. finish, but there are no features about it requiring 
_ Besides the engine of which we have been speak- | special notice. ‘The water is carried in a saddle 
ing, Mr. Stroudley has also sent to Paris a set of | tank extending from the smokebox nearly to the 
parts removed from the first engine of this class | back of the firebox, and containing 600 gallons, 
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while the fuel is carried in a bunker in the rear 
of the foot-plate, this bunker having a capacity 
of 50 cubic feet. The foot-plate is protected 
by a neat cab with front and rear weather-boards, 
the eye-glass being hinged so that they can be 
opened for ventilation. A brake is applied to the 
driving and trailing wheels, and the engine has 
front and rear sand-boxes, these being very neatly 
arranged so that those in front apparently form part 
of the smokebox, while those in the rear are made 
in one piece with the foot ste The leading and 
driving springs are connected by compensating 
levers. The weight of the engine empty is 19 tons, 
while in working order 22 tons 10 cwt. 


SOUND AND ELECTRICITY. 

On the evening of Thursday, the 23rd inst., there 
was a special general meeting of the Society of 
Telegraph Engineers, under the Presidency of Dr. 
C. W. | leg F.R.S., at the rooms of the Institu- 
tion of Civil Engineers, for the purpose of hearing 
from Mr. W. H. Preece a paper, the title of which 
was ‘*The Connexion between Sound and Electri- 
city.” In anticipation of experimental illustrations 
of Professor Hughes’s recent researches, and of that 
most sensitive of physical instruments, the micro- 
phone, there was a very crowded meeting ; persons 
unable to obtain seats had to content themselves 
with remaining in the passages, and the gangways 
leading to the ‘ floor of the house” had to serve as 
sitting accommodation. 

The communication, which was not a written one, 
was of the highest possible interest, describing as it 
did the researches of Professor Hughes, and the 
apparatus employed by him, but as we fully described 
these researches three weeks ago* it will not be 
necessary for us to give a repetition of them here. 
The experiments in illustration of Mr. Preece’s re- 
marks were very interesting and successful, and 
produced great enthusiasm at the meeting, for words 
and tunes sounded into a microphone ina distant 
part of the building were transmitted by what will 
probably in future be popularly called ‘“‘microphonic” 
currents to a box-telephone on the lecture-table, to 
the mouth-piece of which was attached a trumpet of 
tin, which acting partly as a reflector and partly 
as a resonator, enabled the whole of the large 
audience to hear the sounds spoken by the telephone, 
whose “voice” was singularly like that of the 
phonograph. The ticking of a clock and the beats 
of a metronome placed in another part of the 
building were also transmitted to the meeting room 
and were distinctly audible to the audience. 
After the meeting Professor Hughes showed those 
of his experiments which were from their nature 
unfitted for lecture demonstration, and explained the 
construction of the apparatus. Members and their 
friends were allowed to see the now celebrated fly 
experiment, and hear with their own ears the foot 
tramps of a house fly as it walked across a board. 

The discussion which followed Mr. Preece’s com- 
munication was opened by the Duke of Argyll, 
who said that we had now before us one of the 
greatest discoveries which had been made in an 
age celebrated for great discoveries, the end of 
which it was impossible to foresee. He was 
glad that this invention had been made by one 
who, although long a resident of this country, 
was by birth a citizen of the United States. He 
had as high patriotic feelings as any body, 
but in matters of science he was thoroughly 
cosmopolitan, and he could never forget the fact 
that the citizens of the great country on the other 
side of the Atlantic were our own fellow-country- 
men. With respect to the application of Professor 
Hughes's discovery, he could not but think that it 
might become a very serious inconvenience in cer- 
tain places. We are, he said, at the present mo- 
ment very close to Downing-street, and he could 
not help thinking that if one of Professor Hughes’s 
halfpenny money-boxes could be secreted within 
the sacred precincts of the room in which Her 
Majesty’s ministers were debating, we could sit here 
and listen to all the secrets of the Cabinet. If one 
of these little boxes could, by any means, be dropped 
into the pocket of his friend Count Schouvaloff, or 
into that of Lord Salisbury, we should at once be in 
possession of those mighty secrets which the whole 
of this country and the Continent of Europe are in 
a state of anxiety to know. Ifthe statement be true 
that one of these little boxes could repeat to an 
audience at an unknown distance, all the conversa- 
tion which took place within the room in which it 
was placed, it would prove a most inconvenient 








* See ENGINEERING, page 369 ante. 








thing to contend with, and he thought that Pro- 
fessor Hughes, having invented this, beautiful but at 
the same time, mischievous instrument, should now 
set to work to give us an antidote to his own discovery. 
Dr. Lyon Playfair suggested that the microphone 
should be applied to the aérophone, so that by 
placing instruments in the two Houses of Parliament 
the eloquence of the great speakers in both houses 
might be heard by the inhabitants of London ex- 
tending over areas of four or five square miles. 

Mr. Willoughby Smith thought that the true ex- 
planation of the phenomena was not due to any 
molecular change in the substances employed under 
the influence of sound, but was simply a variation 
of current caused by an imperfect contact interposed 
in the circuit. Professor Hughes’s microphone was 
in‘fact a very sensitive commutator, which by 
trembling under the influence of sonorous vibrations, 
varied the amount of contact between its parts, and 
so produced a continual variation in the strength of 
the current flowing through it, and the sounds 
transmitted to the telephone were due to that 
cause. He then described some of his own experi- 
ments in connexion with Professor Hughes's dis- 
covery. He had placed a plate of selenium (whose 
resistance we need not remind our readers varies 
under variations of light) in circuit with a telephone, 
and he found the that latter instrument was so 
sensitive to variations in the strength of an electric 
current, that whenever a beam of light was allowed 
to fall upon the selenium a sound was immediately 
heard in the telephone like a blow from a Nasmyth 
hammer. He had also constructed a microphone 
with jthree ‘rat-tail” files arranged in the same 
jae: Professor Hughes’s experiment with French 
nails (see Fig. 3, page 370 ante), and this 
simple apparatus transmitted to a distant tele- 
= the sound of gentle breathing near the files. 

, hy ogo rag Smith mentioned another experi- 
ment in which he employed two files each fixed by 
one end a short distance from the other. The 
opposite ends were brought close together but not 
quite in contact, so as to form theletter V. At this 
point a little lump of what he described as ‘ cop- 
perised silk” was placed. This little apparatus, in 
which the copperised silk formed part of the con- 
ductor, was so sensitive, that when a small lamp 
was placed below the silk, the draught formed by 
the upward currents of air caused the silk to move 
about, by which means its resistance as a mass 
varied and a crackling noise was heard in a tele- 
phone included in the circuit. 

Mr. Latimer Clark thought it possible that Pro- 
fessor Hughes’s discovery might become valuable to 
telegraph engineers by enabling them to construct 
a telegraphic relay more sensitive than any that has 
hitherto been made. As Professor Hughes’s tubes 
were so sensitive to minute variations of pressure he 
thought a very sensitive relay might be constructed 
by causing an electric magnet under jvariations of 
strength of current to compress by means of its 
armature a sensitive tube such as had been described. 
Lord Lindsay quoted some interesting experi- 
ments he had as = by applying a resonating mem- 
brane to a microphone; when placed near a pianoforte 
which was being played, the tune was transmitted 
to a distant telephone with all the harmonies, but 
every now and then when a particular note was 
struck whose period of vibration was equal to that 
of the membrane, a loud harsh and deafening noise 
was heard in the telephone, in which not only the 
fundamental note was heard but the octaves and 
whatever sympathetic vibrations were being emitted 
by the strings of the pianoforte. 

Professor Graham Fell thought that we are at 
the present on the border of a new science, of which 
the phenomena connected with the telephone, the 
phonograph, and the microphone are a part, and he 
believed that there are in this direction yet great 
discoveries in store. In his opinion the phenomena 
connected with the last-named instrument are almost 
entirely due to variations of resistance in the circuit, 
and in support of this view he entered into a very 
clear analysis of what goes on both in the telephone 
and in the microphone when transmitting or receiv- 
ing sounds. He thought it possible that heat had 
something to do with the phenomena, 

Professor Hughes in reply stated what his own 
views are with regard to the theory of hhis discoveries, 
He reminded his hearers that if sand be sprinkled on 
a membrane it would be jerked up and thrown away 
from that membrane under the influence of sonorous 
vibrations. If by mechanical means it were pre- 
vented from being jerked away, either by being con- 
tained in a tube, or by an | ept down by weight 
or pressure, the tendency of the movement of the 


vibrating body would be alternately to compress 
and relieve from pressure the substance so held upon 
it, and in so doing vary its resistance. This was of 
course only an analogy, but it would serve to illus- 
trate an explanation of the phenomena. 
The President, Dr. C. W. Siemens, referred to 
Mr. Edison's telephone as an instance of a variation 
in the resistance of an, electric circuit by variation 
of pressure between “~~ of carbon caused by 
sonorous vibrations, He then proposed a cordial 
vote of thanks to Mr. Preece for Licdeomndhin com- 
munication, which was carried by acclamation. 
The business concluded by a hee vote of thanks 
being accorded to Professor Hughes and to Pro- 
fessor Alexander Graham Bell for their di i 
in connexion with this interesting subject. 


MAGNOPHONIC. REPORTING. 

Iy a description of Professor Hughes's experi- 
ments, which we published three weeks ago, we 
spoke of the microphone as ‘‘the most sensitive 
acoustical instrument next to the human ear itself 
that has ever been constructed,” for by it one is 
enabled to hear sounds so minute as to be otherwise 
absolutely inaudible, and the statement that the 
sound of the footsteps of a little house fly could by 
its means be transmitted to a station miles away, 
there to be distinctly heard in a telephone, was 
no doubt received with very excusable incre- 
ine; 6 
What will our readers say when they are told 
that since those words were penned a still more 
wonderful-instrument has been invented, which is 
capable not aly magnifying minute and otherwise 
inaudible sounds, but of recording and transmittin 
sonorous vibrations that never existed at all. Su 
an instrument placed in the House of Commons 
would not only faithfully report all the speeches 
uttered within that august assembly, transmitting 
them tothe reporters in the newspaper offices of the 
metropolis, but it would be ca) role of far greater 
flights of genius, it would record and report speeches 
that had not been delivered at all, speeches that had 
perhaps been written out and carefully learnt, but 
which through want of opportunity or want of 
courage, or some other cause, would have been lost 
to the world for ever if science had not rushed to 
their aid and saved them from the inevitable doom 
of all things that have no existence in fact. 

A trial of this wonderful instrument to which the 
name ‘‘Magnophone” has very properly been ap- 
plied, was made last week between the office of our 
contempo' The Engineer and the Society of 
Telegraph Engineers on the occasion of the 
special general meeting which is described in 
our preceding article, and we have no doubt 
that it was by its means that our contempo- 
rary was enabled to send to press, while the meet- 
ing was reromye J being held, the article headed 
“The Society of Telegraph Engineers—The Tele- 

hone and the Magnophone,” which will be found 
in last week’s number of The Engineer. 

In that article, dealing as it does with so novel 
and important a subject, it is perhaps excusable that 
the speeches made in the course of the discussion, 
which any ordinary visitor could hear, and'any ordi- 
nary reporter could record, should be passed over 
in silence as utterly unworthy of notice, for the 
whole ban of the meeting consisted— 
according to our contemporary—in a speech that, 
although no one who was present was privi 
to hear, was nevertheless magnophoned to the office 
of the The Engineer, and formed the subject of 
the valuable article to which we refer, and which 
appeared in due course the next morning. 
After informing its readers that ‘‘ Professor 
Hughes has quite lately proved that the sonorous 
vibrations lengthen and shorten conducting matter,” 
The Engineer in its report of the meeting of the 
Society of ‘Telegraph Engineers, says, ‘‘ At the close 
of the able lecture a short discussion followed, 
which brought out the fact that an associate of the 
society, a Mr. Scott, had obtained results similar to 
those of Professor Hughes,” The article then goes 
on to describe the apparatus employed, which 
apparatus—or ‘“ ophone” as it is called— 
appears to be identical in every respect with 
that used by Professor ig oa, and which, since a 
description of Professor em gel experiments ap- 
peared, has been reproduced by hundreds of ex- 
perimenters all over the country. 

As no sort of mention of or allusion to Mr. Scott's 
“invention” was made at the meeting to which we 
refer, on what other supposition can we explain this 








unique instance of journalistic enterprise than by 
supposing the ‘“‘magnophone” to be the means by 











which the feat has been performed. We remember 
See OO ee reid erste tven ATKINSON’S FEEDWATER HEATER. 


— as rapidly as the fastest speaker could de- 
ver them. It had never been known to fail but on 
one occasion, when in the middle of the delivery of a 
slow and deliberate speech the machine suddenly 
stopped and nothing would induce it to go on. It was 
considered hopelessly out of order, but on examining 
the written record it was found that the whole speech 
was written out; it had faster than the 
aker had spoken, and had in consequence finished 
rst. That is a very old story, and if the 0- 
hone be the same instrument we must record the 
fact that it has the priority of Professor Hughes's 
discovery by a great many years. 

There is but one other explanation, and that is that 
our contem The Engineer has been the victim of 
a cruel hoax, e meeting of the Society of Tele- 
graph Engineers on the occasion of Mr. Preece’s 
communication was crowded to overflowing ; can it 
be that the reporter of our contemporary arrived 
too late to get in, and was in consequence compelled 
to supply a report of the meeting in accordance with 
what In his innermost consciousness he thought 
ought to have taken place ? 

Or may it be explained that Mr. Scott went to the 
meeting with his speech in his pocket, and having 
every wish and intention to join in the discussion, 
he previously sent a copy of his remarks to our con- 
tempo for publication ; but, either from want of 
opportunity, or for want of something else, the 

hh was never delivered, and would have been 
lost to the world but for the tenaciousness of Zhe 
Engineer, who would not let it die. Such an explana- 
tion reminds us of another story of a member of the 
House of Commons, who was coe. pre to make 
a speech amidst a storm of hisses and groans, and 
other signs of Parliamentary disproval, when one of 
his friends seized him by his coat-tails, trying to 
drag him to his seat, but he still kept upon his legs, 
and with a look of agony he turned and gasped to 
his friend who was begging him to “ sit down,” “I 
can’t my dear fellow, ié’s all in print.” 

Which is the true explanation of this phenomenon 
of scientific journalism ? is it to be attributed to the 
magnophone or to a hoax? orare they synonymous 
terms? We leave The Engineer to answer this 
question. 





ATKINSON'S FEED-WATER HEATER. 

We annex an engraving of a form of feed-water 
heater designed and patented by Mr. James Atkinsdn, 
and now being made by Messrs. Eastons and Anderson, 
of Erith. The heater consists of a cast-iron base, on 
which is fixed the cylindrical wrought-iron vessel con- 
taining the water to be heated. Into the top of the cast- 
iron base are screwed a number of wrought-iron tubes, 
each furnished with a small internal tube, as represented 
in the section Fig. 4, the lower ends of the small internal 
tubes being bent, as shown, in the direction of the current 
of exhaust steam. The cast-iron tube-plate has also a 
projection formed on it at each tube hole as indicated in 
Fig. 4. The effect of these projections, combined with 
the presence of the internal tubes just referred to, is to 


cause a current of exhaust steam flowing through the | 49, 


base in the direction of the arrows (see Figs. 1 and 4) to 
be diverted up into the heating tubes, the small internal 
tubes insuring a circulation and preventing any accumu- 
lation of air. The arrangement is ingenious, and is, we 
believe, perfectly successful in practice. 

The cast-iron base is provided with a bottom cover of 
the shape shown in Figs. 1 and 8, this cover forming a 
central channel into which the ends of the circulating 
tubes are brought, as shown. The tube-plate is 
strengthened by strong ribs on the upper side, one 
of these ribs being made very deep, so.as to form 
a ition across the heater, as shown in Figs. 1 
and 8. The cold water inlet is at one side of this par- 
tition, while at the other side is a quiet space, in which 
the deposition of matters contained in the water can 
go on undisturbed by the entering current. The hot water 
is led off from the upper end of the vessel, as indicated in 
F . 1, Provision is made for blowing off at two points, as 
indicated in Fig. 3, and hand holes are provided for clean- 
ing out as shown in the same figure. A manhole is also 
— at the top. The heaters are provided with a 
arge amount of heating surface, and we understand that 
they raise the water regularly to a temperature of 210 deg. 
The tubes being fixed at one end only are quite free to 
expand, and no straining can thus arise from this cause. 
The particular heater shown in our engraving is one with 
steam connexions 8 in. in diameter. 





Lonpon AssocIATION OF FoREMEN ENGINEERS AND 
UGHTsMEN.—At sitting of , June 1, 


Mr. John Chatto will read a on “A New 
Steam Ferry for the River ."" The chair will be 
taken at 7, and the reading commences at 8 p.m. 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—Business was done in the 
pig iron warrant market last Thursday forenoon at 48s. 11d. 
and 49s. cash, also at 49s. 14d. and 49s. 2d. one month, and 
at the close there were buyers offering 49s. cash and 49s. 2d. 
one month, and sellers asking 1d. per ton more. Iron 
chan hands in the afternoon at 49s. 3d. and 49s 3}d. one 
month, the close being buyers at 49s. 1d. cash and 49s. 34d. 
one month, and sellers very near. On the following day, 
which was held as the Queen’s birthday, business was 
entirely suspended in the ‘‘iron ring’’ on ’Change. en 
the market opened on Monday we K there was a good 
deal of firmness, and an advance of 1d. per ton was ob- 
tained, and subsequently there was an improvement to the 
extent of another 2d. Business was done,in the forenoon at 
from 49s. 2}d. to 49s. 44d. cash, and from 49s. 6d. to 49s. 7d. 
one month, and at the close sellers were asking 
. 4d. cash and 49s. 7d. one month. During the 
afternoon 49s. 3d. to 49s. 4$d. cash and 49s. 7d. to 
49s. ‘.74d. one month were paid, and the market closed 
with sellers asking 49s. 5d. cash and 49s. 7}d. one month, 
and buyers very near. Yesterday’s warrant market 
opened with great buoyancy, and prices were run 
up to the extent of . per ton. Of that sum, how- 
ever, 3d. was lost to the close. In the forenoon busi- 
ness was done at from 49s. 7d. to 49s. 9d. cash, and 
49s. 9}d. to 50s. one month, the market closing with sellers 
at the higher — » and buyers near. The tone in the 

afternoon was duller, and prices went down to 49s. 6d. cash 
and 49s. 8d. one month, closing bu 

sellers near. There was a very i 
Business was done at 49s. 9d. one month, and at 50s. to 
50s. 1)d. three months, and at the close there were buyers 
at 49s. 6d. cash, and sellers asking 1d. per ton more. The 
afternoon market opened quiet at the forenoon’s closing 
prices. On many hands it is believed that the extreme 
state of depression which has for a long time prevailed, has 
now come to an end, and that the improved prospect of a 
more disposition existing in regard to the Eastern 
Question may be taken as the harbinger of an improvement 
in the iron trade. It is not ex that the improvement 
will come in “‘leaps and bounds,” but there is a confident 
opinion that the worst has now been seen and is past. A 
certain amount of buoyancy in ’s market was doubt- 
less due to the fact of the shipments od pig izon for last week 
are | very i increased, total being 
10,842 tons, as com with 10,566 tons in the corre- 
week of year. The stock of pig iron in Messrs. 
and Co.’s warrant stores at the end of last week 
was 175,217 tons, the increase for the week being 290 tons. 
There are at ¢ in actual tion 89 blast furnaces, 

as against 111 at the same dino bast your. 


Royal Scottish Society of Arts.—The thirteenth meeting 


at those prices, an 
market this forenoon. 
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of this society for the present session was held on Monday 
night—Dr. R. M. Fe on presiding. The report of the 
committee on Mr. W. s’ Experiments on Fluorescence 
and Phosphorescence, and a communication on a new self- 
acting syphon having been submitted to the society, a 
paper on mechanical power on tramways was read by Mr. 
Nicholas Watts, Assoc. Inst. C.E. 


Proposed Harbour Extension at Eyemouth.—A public 
meeeting of fishermen, fish merchants, and others was held 
at Eyemouth last weg Cerna for the purpose of 
considering the beng of harbour extension. It was ex- 
plained by Mr. Dickson, of Eyecliffe Chemical Works, that 
about 40,0001. had been expended on Dunbar Harbour, 
only one-half of which was raised by the promoters; and 
that 10,0001. had been or would be expended on Burnmouth 
before the new works in course of construction were com- 
pleted, nearly all of which was public grants; while all 
that had been obtained for Eyemouth was a small loan to 
repair the pierhead when it was damaged by the storm of 
1876. The claims of Eyemouth were superior to those of 
all the other fishing stations in the Firth of Forth. The 
nearness of the port to the fishing ground in the North 
hem its — to = best markets for its fish, - aa 

ilities of being easily —— at a comparatively sm 

cost, the industry of the fishing population, and the fact 
that hitherto it has received no aid whatever from Govern- 
ment grants, now entitled Eyemouth to most favourable 
consideration. A resolution was passed by the meeting 
requesting the Harbour Trustees to lay the claims of Eye- 
mouth before the Government, and take such steps as 
might be thought necessary to obtain a grant of money for 
the extension of the harbour. 


New Bridge across the Kelvin.—The new bridge across 
the Kelvin, connecting Glasgow and the suburban burgh 
of ick, was open for traffic on Monday morning without 
any formal ceremony. One line of tramway rails was com- 
pleted at an early hour on Monday morning, and the first 
car passed over shortly after five o’clock. The other line of 
rails was finished during the day. The bridge is a sub- 
stantial and handsome piece of workmanship, and is from 
plans prepared by Messrs. Bell and Miller i 
erection of the bridge has been carried out by Bailie Hugh 
Kennedy, who, after a keen competition, obtained the 
contract for the whole works at a cost of between 18,0001. 
and 19,0001. We shall shortly illustrate the work fully. 


The New Port-Glasgow Water Works.—At a meeting of 
the Town Council of Port-Glasgow, held on Monday night, 
it was agreed on the motion of Bailie , convener of 
the Water Committee, and seconded by vost Sommer- 
ville, that the offer of Mr. John Scott, contractor, 

, to construct the new water works at Auchen 
doors, be accepted. Mr. Scott’s offer is 59391. 10s. 2d. 
hy various offers sent in ranged from 56471. to 

7501. 
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mantel os 0 mesnaet peteeing Mp and experiments are not 
STONE-DRESSING MACHINE, AT THE PARIS EXHIBITION. “On to suneet 5 ig ee A RO a 
ferred to, do not suificiently bear it out. Improvaments 
CONSTRUCTED BY MESSRS. BRUNTON AND TRIER, ENGINEERS, LONDON. in the mode of punching have been suggested, and there is 
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WE give above engravings of the stone-dressing ma- 
chine exhibited at Paris by Messrs. Brunton and Trier, 
of the Battersea Foundry, London. The machine con- 
sists, as will be seen, of along bed, on which moves a 
table carrying the stone to be operated upon. By the 
side of the bed is a massive headstock carrying a spindle 
on which the chuck or tool holder is mounted, this 
chuck being nearly 8 ft. in diameter. On this chuck 
are mounted a series of the revolving steel cutters which 
form one of the chief features of the arrangement, these 
cutters being carried by spindles which radiate obliquely, 
asshown. Theinner edges of the circular cutters describe 
a circle 6 ft. in diameter, so that they can readily sweep 
over the surface of a stone 4 ft. wide. 

The cutters have an absolute rotation imparted to 
them by suitable gear contained within the chuck, their 
speed of rotation being such that they roll upon the stone 
with the least possible amount of attrition. Although 
the speed of the edges of the cutters is 1900 ft. per 
minute, there is no heating nor are any sparks formed. 

At the ordinary speed of working, granite is moved 
onward against the cutters at the rate of 24 in. per 
minute, and freestone at the rate of from 36 in. to 40 in. 
per minute. If it is granite that is being dressed the 
stone advances about ;4,in. for each cutter that passes 
over it, while in the case of freestone the movement for 
each cutter is about ,';in., and the work of the cutter is 
to chip off by its rolling action a piece of stone an inch 
deep. 

The machine is of very substantial design and well 
fitted for its work, while from the very interesting nature 
of its operations it is likely to attract especial attention 
at Paris. 








New SoutrH WeEtsH Harsour Works.—The necessity 
for speedily carrying on harbour works at the Clarence River 
Heads formed the subject of a deputation which waited 
recently upon the New South Welsh Minister for Works, 
and a request was made for the services of Sir John Coode 
to inspect the works in progress at the Clarence Heads, as 
well as works connected with harbours in other parts of 
New South Wales. The minister promised to consider the 
representations made, and to bring the proposal regarding 
Sir John Coode before the Cabinet as early as possible. 





LarGse STEAMER FOR THE MIssissiIPPiI. —The De Laney 
Forge and Iron Company, of Buffalo, are preparing the 
wrought-iron work fora new steamboat, now building at 
New Albany, Indiana, which is designed to be the largest 
boat on the Mississippi. The forgings, which are making 
by the company mentioned, are the largest ever made by a 
firm in that section of the United States. are two 
shafts of = shape, each 27 ft. long, and 2] in. in 
diameter. Each weighs 15 tons. The two cranks will 
have 11 ft. stroke each, are 42 in. across large bosses, 
19 in. deep, and weigh 5 tons each finished. 











ON STEEL FOR SHIPBUILDING.* 


By Mr. B. Marrexu, Chief Surveyor of Lloyd’s Register 
of British and Foreign Shipping, Member of Council. 
(Continued from page 417.) 

OTHER experiments have been made on open plates, 
both annealed and unannealed, and also by having holes 
drilled, and by punching and subsequently enlarging the 
holes by riming. 

The results of these tests, as shown in Tables II., III., 
and IV., pages 438 and 439, are of great interest, as showing: 

1. That steel plates very thin suffer less from punching 
than iron. 

2. That the difference in loss of ’strength by punching 
on steel and iron does not appear sufficiently great to re- 
quire special precautions to ,be taken for steel more than 
for iron in plates up to +; in. in thickness. 

3. That in plates above ;*; in. in thickness, the loss of 
strength of iron plates by punching ran from 20 per 
cent. to 23 per cent., while in steel plates of the same thick- 
ness it ranged from 22 per cent. to 33 per cent. of the 
original strength of the _ between the rivet holes. An 
occasional plate both of iron and steel showed a smaller 
loss than the minimum here indicated, but they were ex- 
ceptional cases so far as these experiments go. 

4. That by annealing after pone the whole of the 
lost strength was restored, and in some instances greater 
relative strength was obtained than existed in the original 


plates. 

5. That the steel was injured only a small distance around 
the punched holes, and t 
than the punch, from ¥, in. to 4 in. around the holes, the 
injured part was removed, and no loss of strength was 
| aaa any more than if the hole had been 


6. That in drilled plates no appreciable loss of tensile 
strength was observed. 

From these conclusions the question arises, whether, in 
using steel plates for shipbuilding, above 4% in. in thick- 
ness, they should be annealed or the holes rimed after 
punching. — ; 

Here again we must fall back upon the comparison with 
iron. When we hear the complaint that steel loses so much 
by punching, it often escapes attention that iron also 
loses considerably =e operation, and that allowance 
must be made for this. If then we start with iron at a 
normal strength of 20 tons, and steel at 28 tons square 
inch, and suppose the reduction in scantlings fercteckio 
20 oy cent. from those of iron, it can easily be shown, that 
if the steel loses 30 per cent. by punching, and the iron 22 
per cent., the balance of s still remains slightly with 
the steel ; and this r yy P much with the experiments 
made on the strength of rivetted joints. 

The loss due to punching is nevertheless a most important 
matter, and serious attention should be given to mitigat- 
ing it. Punching with an open die has been strongly recom- 


* Paper read at the nineteenth session of the Institution 
of Naval Architects. 





& by riming with a larger drill | made 


bably much to be hoped for from an advance in this 
Aivection ion. In the meantime there are other points which 
toll Se Rees ot ee Se Petey, So heen 
the outside ae nearly all the distressed 
or injured parts the removed by counter-sink- 
ing ; and it would be easy to make this still more effective, 
so that, under any circumstances, there would remain in 
the skin of the vessel only the inner strakes of plating and 
the butt-straps. 

When nee it is considered that the faethe aad 
annealing outside , stringers, mt 
would not exceed a few shillings per ton of material in t' 
ship, I cannot think it will form a serious impediment to 
the introduction of steel shi, ing even if it be found 


indispensable. It would, I conceive, be better to make a 
somewhat greater reduction in the scantlings than to dis- 
pense with restoring the | hh at the butts in large 


ships by annealing or rimin holes, or by some other 
rm ~ effectual means of eablevting this eajestes may here- 


after be devised. In the same way, it appears to me that 


poe ee eee ee 
8 are above ,% in. in 
Siiul tocsthar with the bil ctees, be enmaaiel ine 
Seong if the matcishan thee anemia pari. Bat 
8 of the ma‘ e5e a 
of course, it would be better to drill the holes outright 
this could be done at a cost. 

A step in the direction of rendering r riming 


g . 


annealing o 
after punching unnecessary has, I am glad to say, 
taken by the introduction of the patent spiral punch, from 
which results of a very encouraging nature appear to have 
been obtained. On reference to ‘able IV., page 439, it 
will be seen that by the use of this punch the strength of 
the material after punching was about 24 tons per square 
inch greater than by the use of the pabeee punch, whilst 
greater ductility was found to exist around the holes. 

Not a bad indication of the merits of a punch 2 - 
plate, this measures the work that has to be abs in 
the production of heat or distortion during the operation 
of punching. I have been supplied with particulars which 
go to show that the spiral punch requires only about two- 
thirds the force behind it an ordinary punch does ; 
and, besides this, it acts more injuriously on the piece 
punched out, and less so on the surrounding plate. Further 
improvements still may, it is hoped, be made in this 
direction. 

Another point of importance in considering the reduc- 
tion of scantlings in steel ships is the comparative rigidity 
of steel andiron. The efficiency of a ship must in all cases 
depend in a ¢ measure upon her general rigidity, as 
well as upon her longitudinal strength, and it is important 
in making reductions in the sizes of the frames and reserve 
frames that this feature should be maintained. Also in 


reducing the thickness of the plating, especially towards 
the ends of a ship, it is necessary to think of its rigidi 
between the frames, and of the means of imparting 


to resist panting and distortion. 

I have given the results of a few eugerimants intended 
to throw some light on this point, and they do not, so far 
as — go, speak so favourably for the steel as the tensile 
and other experiments do. They consisted in testing the 
comparative stiffness of strips of steel and iron plate, and 
of some plates and angles combined, by supporting the 
specimens near the ends and weighting them in the middle, 
and measuring the amount deflection at successive 
loads. The test pieces were supported, but not rigidly 
held by the ends, and so diff in a measure from the 
condition of the skin plating between the frames of a ship, 
and the steel — probably have compared somewhat 
better if the ends had been fixed. But the experiments 
which are shown in Tables V., VI., VII., and VIII., 
page 439 and 440, are, nevertheless, instructive as far as 

ey go, and I hope we shall yet see more extensive and 
complete experiments in the same direction. 

_ Another point of interest may be mentioned here. Some 
inconvenience having been found to exist from fixing a 
definite length on which the elongation under tensile strain 
should be measured, owing to the length not suiting some 
of the private testing machines, some experiments were 
ade to ascertain how the percentage of extension varied 
with the length of the specimen, and in Tables IX. and 
X., page 438, the percen' of extension in 2 in., 4 in., 
© treating of this subject of sted lorshiphrelaing 

subj 8 or shipbui , itis not 
as I have before intimated, sufficient to show the superi , 
qualities of steel as compared with iron for shipbuilding 
purposes; but it is also necessary, before it will be 
generally adopted, to show that it can be profitably em- 


ployed. 

Ti susiher ef penal whee would leave the beaten track 
and have their vessels built of a comparatively untried 
seen wee simply on the faith or in a ope — 

wo ereby possess stronger vessels 

be liable to less risks of loss from collision, grouping, or 
other causes would, I fear, be very small, unless it could 
be shown them either that they would not cost more than 
if built of iron, or that a fair profit might be looked for 
from og oa outlay. This is not due to any want of 
appreciation of a superior = i 
creased safety to pny ae heen lives resul: therefrom, 
but ie ton hesitation E 


eo in tony thing, and from 
wis com successfully 
ing the question from a business point of view 
+ will, a, soe not i 

make a brief comparison 
steel vessels at the present prices, 
out the advantages, or otherwise 


& 
® 



































































































































































ENGINEERING. (May 31, 1878. 
TABLE I1.—STEEL. SHOWING LOSS OF TENSILE STRENGTH DUE TO PUNCHING, &c. 
Plain Plates ULTIMATE TENSION. 
| 
Ultimate | Punched and|Punched and) = Punched and not 
DrweEnsions. Tension. iNomber and| Bimed. Annealed Annealed, REMARKS. 
Diameter eda 
§ pin ney a 
Tons 198 x... Tons Tons - ome 
3 Square Inch. ——y = Square In beh. foonase Ench. porto 
in. in. in. 
1| + plates, 5 broad... ‘ $2.07 Two § » 29.48 8.1 Punched with open die. 
2| 4& plates, 54 broad... ° ott Two 29.1 : 29.0 sa6 
3 | vy plates, broad... 28.06 Two et 2615. 4) % 928.29. 6 4) he Rb2> >| oA drilled specimen stood 24.83 tons per square inch. 
4 | ve plates, broad... 0s 29.85 Two o4e 29.27 27.59 7.5 
5 plates, 1¢ broad... es 30.0 One wie 26.5 26.8 10.6 
6 { plates, 2+} broad... o 28.43 One eco -s 23.20 18.4 
7 ¢ plates, broad... om a“ Two mee 27.73 25.21 ar 
8 | @ plates, 64 broad... 29.59 Two 13 on at 24.06 18.7 
f See sketch | ene = 31.18 ie : 
‘ 
\ 
” 31.18 
> == 
Pe gerses, RSE Se ee 
a Si te mt . ot | 
9 | #} plates, 2} broad... «12 31.48 >| | —— 
30.5 30> ||| oon 
} TO se 
- ai bs 28.18 10.4 Teens 0 we 
ra 27.91 11.3 
— J : 
: 1 that had bee ious] 
10 | rs plates, 3 broad.. «| 27.61 One § ve am 28.22 nil tt es oo in plate that had been previously 
11 | 34 plates, 7} broad... ... 28.98 Two} | 21.38 26.2 0 Pholes 
° 
12-|.44 plates, 16 broad... .... wes See sketch | 28.4 25.1 om O Q O 
RS) 
13 | % plates, 72 broad... ae Two § os 31.28 24.95 ° 
27.84 (a) 3.7 A) This s en was punched and tested it came 
14| 4 plates, 7} broad... ... 28.9 Two § we 30.5 { 27.54 4.8 pkey Saye ing unannealed. “7 rt 
15 y plates, q broad... «| 29.55 Two alk - 19.57 33.8 
16 platez, 7? broad... ad ¥ Two RY 27.92 23.28 oss 
17 |-44 plates, 4 broad... | 27.05 | See sketch 28.81 28.98 22.92 15.2 
a 
See eee 
24.46 9.4 ‘ 
18 | }} plates, 4} broad... we 27.0 One § 25.69 ods { 31.04 22.1 Very open die. 
. 24.2 Punched with close die.. 
19 | #? plates, 8} broad... oes 26.4 Two jf 28.2 31.71 { — 28.7 Punched with ¢ nm die. 
’ on it die. 
20 | # plates, 8{ broad... ...) Two § 21.72# onss |{ ini Punched with open die. 
* This specimen broke through pin-hole without signs of distress at the rivet holes. 
Tapie IX.—TansiLe STRAINS AND EXTENSIONS oF SteEL PLates 41N. THICK. Tasie X., showing Rates of Ext of Equal 
RE Intervals in Length of a Steel Plate re in. thigh. 
r Ultimate | 
| Sizes el ge Og Extension. R 2 Actual 
3 — Length. <=AEES — Extension. =xtension. 
Area in ae 1. Exte ‘i in. per cent. 
in. in . in. penn ~e t msion in the 2 in. adjoin- 
1 | 14i by 515 | 726 72 | 8 g31 | "asp ring the fracture 921 | 46.05 
2 | 1.415 by .51 .721 27.6. | 8 2.12 26.5 Mean extension of 4 pieces, each 8 in. eget fs oe dag of 
3 | 1.415 by .51 .721 27.4\ | 8 2.06 25.7 bie Sieve. e length of specimen... 527 26.35 
4 } 1.415 by .52 -735 0. | 8 2.31 3.9 | pe 3. Extension in the next 2in. of 
5.|.1.82 by .52 686 27.2 | | 6 L875 312 | 7  . length 4 specimen .. -424 21.2 
G | 1.96 by -38 -— 37.1 6 1.875 31.2 | (Mean extension of 4 pieces, each 6 in. the len th rn aa - 16.4 
7 | 1.83 by 525 | 698 27.2 6 1.58 26.4 in length,,29.4 per cent. ee. ae 
8 | 1.35 by 58) 715 26.9 6 1.735 28.9 
9.; 1 y . “ j 4 1.265 31.6 
descriptions of materials, allowing a reduction as admitted 
* ow ie = = =. : — = pe of 4 vee. each 4in. | by the Committee of Lloyd’s Register in the weight of steel 
12 | 1.415 by . 742 72 | 4 1.26 31.5 i 2 See eee 
13 | 1.37 by 525 | .719 Si}: 812 40.1 af tet bering ¢ some bearing on, this is thet of the rela- 
14 | 1.86 by .515 .700 27.5 2 .735 36.7 M of 4 , each 2 tive ity of steel and iron ; and in consequence of state- 
15 | 1.89. by .52 722 27.4 2 765 38.2 ‘nla extension in. | ments to the effect that there was a difference of as much 
16-|.141 by.k2 | :798 | a72-| 2 ‘a7 | gas |f ™lonet 57.3 per cent as 4 per cent. between them, the steel being that much 
heavier than iron, I have endeavoured to obtain trustworthy 
: data upon the point. Messrs. John Brown and Co., of 
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TasLE III.—Iron. SHowING THE Loss oF TENSILE StRENGTH DvuzE TO PUNCHING. 


























Plain | 
Ree ULTIMATE TENSION 
Tension.| | 
' | | 
Dimensions. | Punched/Punched| atetiand mh REMARKEs. 
\Number and jand An- Annealed. 
Tons per, and Dia-| Rimed. | nealed. 
Square |meter of 
Po Inch. | Rivet 
Ss | Holes. |Tons per!Tons-per|Tons per| Loss from 
z | Square | Square | Square Plain Plate 
Z | | Inch. | Inch. | Inch. | per Cent. 
Thick- 
hess, Width. | 
in. in. in. 
1} 3 54 16.0 | Twos |... | 1440 | 125 ; 
2 3 43 19.33) Two ay 18.25 | 16.62 14.0  |Adrilled specimen broke at 17.74 tons. 
3 6% 21.7 | Two# ah Sas 17.3 20.3 
4 3 21.81; One 17.37 20.3 
5 73 20.1 | Two 16.5 17.9 
6 + 72 15.2 | Two 14.0 7.8 
7 $ 72 17.4 | Two 16.6 4.5 
8| 3 | 18.6 | Two 146 | 21.5 : ; 
15.59 21.7 Punched with open die. 
9 8 84 19.92| Two % | 17.66 19.13 {18390 y ” ose die. 
e ° > %” 
24.88) ... ms aa eos A drilled specimen stood 19.11 tons 
od ES One Z| 21.17 18.19 pe open 
23.58 #-) a. 18.18 |} 204 [A drilled specimen stood 22.57 tons 
22.56 eee eee e per square inch. 




















Tape [V.—Rexsvutts of EXPERIMENTS ON THE TENSILE STRENGTH OF SAMPLES OF THE SAME STEEL PLATE 
PUNCHED WITH FLAT AND PATENT SPIRAL PuNCcHES RESPECTIVELY. 





























BREAKING WEIGHT. ELONGATION, 
Diameter of On 2 in, of Pitts mater Rewsnns. 
Hole. Actual. Per Square Length Per Cent. Tension. 
Inch. Across the 
Holes 
in. Ib. Ib. / 
.885 45,350 63,752 11. 5.5 .7114 t 
.885 45,000 60,318 -23 11.5 -7461 
.895 42,400 57,495 14 Bs -7375 
89 37,000 51,287 .03 1.5 -7224 : 
.89 42,800 F -06 . goo >Punched with “‘ flat punch.’’ 
-90 45,150 61,047 07 3. ‘ 
895 89,000 / 09 4.5 -7032 
Mean o* 42,393 58,579 . 104 5.2 -7236 J 
or 18.9 tons | or 26. i tons 
885 45,850 63,285 27 13.5 7245 7 
.88 48,000 67,672 -25 12.5 -7093 
88 ric = ‘ = = 5 -7266 
88 4, 61,254 a ‘ -7224 . . 
‘88 45,500 | 64,148 26 13. ‘79g. ..|) (Panghedwith © patint apieal 
895 47,600 66,084 27 13.5 -7203 sane 
885 45,600 61,476 .09 4.5 -7418 
Mean 46,143 63,929 21 10.6 -7220 i 
or 20.6 tons | or 28.5 tons i 























With seven additional experiments that were made, i in 


the “ flat punch”’ and one with the “‘ spiral punch,” all the specimens broke through the hole punched 


punch.” 


which two holes were punched in each en, one with 


ith the “‘ flat 


The new _ referred to is the “ patent spiral punch,”’ manufactured by Messrs. Thompson, Sterne, and Co. 


” ” ” ” 


OTE. es _— punch penetrated a § in. iron plate at a pressure of 22 and 25 tons. 


+ punch 9 





Sheffield, have very kindly made some experiments on the 
subject with the following results : 


Specific _ Pounds per 
Gravity. Cubic Foot. 
Boiler plate i foe, average ... 7.618 476.125 


Mild steel pla’ 99 ove 7.820 488.75 
Detlensies £46 po-cuih. steel heavier than iron. 

I have also obtained some data from Mr. Bessemer, 
which show still less difference between the weight of steel 
and iron, and I am therefore to believe that the 
eee of 4 per cent. alleged is aaalealae above the 


(To be continued.) 








HEATING TOWNS BY STEAM. 
Mr. Groraz Maw, writing from Lockport, New York 
Seats, has sent to the Times some interesting 





common centre, within almost any reasonable distance, 
and at a cost much below that of any system of domestic 
heating in use. 

‘The experimental works in Lockport 
last year, and duri 
the city were hea 


were eoommenees 
the late winter about 200 houses in 
from the central supply, through 


about miles Food iping, from the boiler- 
house, containin oy ilers 16 ft. by 5 ft., and one boiler 
8 ft. by 8 ft. ese boilers were during the winter fired 


to a pressure of 35 lb. to the inch, with a consumption of 
four tons of anthracite, costing 44 dols. chen during the 
summer, but one boiler is fired consumin ton and a 
half of anthracite in 24 hours, and a pressure of oo Ib. per 
inch maintained. 

** The boiler pressure of 35 Ib. Pero and 25 Ib. 
eT aon he TS 
ree piping up e poin consum 
where there is a cut-off under the control of the consumers. 
The first 600 ft. of mains from the ‘boilers are but 4 in. in 
reaper am eng gon 19 os of 3-in. pi The ane of 
in and 2000 ft. o map supply pipes 
from hans iuadnd to the houses are 1} in. is ieee | 
within each house ?in. pipes are In addition the 


cut-off tap from the main under the control of the con- 
sumer there is a pressure yalve to a 5 Ib. 

sure under the control of the company, and beyond this is 
an iagenioushy constrected taster, wideh wot ealy tndianhas 
the total consumption in cubic feet of steam, but also the 
quantity of steam used in each apartment. At each 100 ft. 


of main an expansion valve, like an ordinary and 
socket, is inserted, Sieaian edi ensuatiens Doteieeteaias 


ative Rigidity of 


TaBLe V.—Rigidity Tests. Compar 
So in. fron Plates. Both Specimens 














vfs in. Steel and 
were 4 ft. long by 6 in. wide. The Bearings were 3 ft. 
apart. 
Deflection | Deflection Permanent | Permanent 
Load, of the Iron | of the Steel! Setin the Setin the Steel 
Plate. Plate, bef Tron Plate. | Plate. 
cwt. in. in. in, in. 
1 none none 
2 t ” r 
3 4 | trace w 
4 ve i i we bare ” 
5 } } oe trace 
6 | i # | perceptible 
7 1 es 
8 1 1 | ove 
9 1 1 3} } full 
10 23 ahs 
11 st 








Permanent set of the iron plate on being entirely - 


released , 
Permanent set = ‘the sicel plate on ‘boing catirely 
released . 6% 
TaBie VI. Comparative Bi Rigidity of ‘Steel tad Iron 











2 = 
z & 
Description. “4 alge é 
4 
REE 
in. in| 1b, | ft | in. in, 
ns EAE 
tee a 




















of 100 ft. of 1}in. for the heat at 35 Ib. pressure. No con- 
densation whatever occurs in the mains. They are 

with a _ layer of asbestos next the iron, then a 

wearens of = Russian felt,’’ and wrapped round 

i gg VES ansantil Like smooth light brown ~~ 5 r over 

three-. 

r than the <teomend gens and 

inid along the streets like gas-pi 

“The ibution of —_ in the ‘apartments i is by means- 

~ i consisting of inch pipes 30 in. long placed 

ertically either ina circle or as a ‘double row, and con- 

and bottom, with an outlet pipe for 


ot pny ‘or motive power, and two steam engines of 10-horse 
14-horse power are worked from oan ne at a 
a mile, with but a increased: 


f ome feed oe bei le and I 
or. or even > 
rm | a Same uarters of a mile from the boilers. 
a bucket of cold water raised to i 


minutes, by the of the steam through a orated 
nossle plunged into ‘the, bucket. As in case of gas 
» the Steam. Supply Com 


pany 
the , the consumer paying for all internal pipes, 
fittings and ae, Ina ate ee 
house the f these am 
tale over 301., and in 
fittin , to 500 dols. fie 3 Pe 
@ operations 0 atin: ie ve been up 
to. the t time of an character 
the houses already su’ 
Soules has 'isin pions 4 woudl hevp boon peed ak 
heating iy ‘recdhted in payment, and 
the amount has itt. a wide margin over the working ex- 
panies, Be , though the wry opi 8 operations at present cover 
small portion of the area for which + 1 gore Pm 
vided plant. The working expenses consist of bu 
more than the coal and the wages of two firemen, sth 
central plant appears very small, both in coal and bulk, 
for the sree ol .. The ca; of the company 
consists of 50,000 dols., in 500 100 dol. shares, which has 
covered the cost of the oentral plant, and the three miles 
of steam pipes laid through the city. .The scheme on all 
hands is meee as a success, and ion in- 
in use, I am 


quiries of 
‘satisfied that the tem of a central steam Rn al is 





destined to become the future means of heating to 
FOREIGN AND SeONIAL, NOTES. 
French Railways.—The te patanh of nex salto 
ie France t in 1877 was . The yr 
length of mpieey existing in France close of 1 
was 13,148} miles 


Steel Rails for the Royal Portuguese.—The Bochum 
Works have obtained an order for 13,000 tons of steel rails 
ier § the ne ene) © uo Railway Com il omg con- 

these rails is 6l, 12s. ton. 


vements 
——— ' The entire outlay is roughly estimated 
at 14,000,000 dols 


Car Wheels on the Grand Trunk.—The Grand ‘Trunk 





Railway Company of Canada has, after two years’ trial, 
adopted the standard English steel tyred car wheel of 43 in? 
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Bearings, 3 ft. apart. 
Pitch of rivets, 4in. 


STEEL FOR SHIPBUILDING. (See Page 437.) 


TABLE VIL.—RIGIDITY TESTS. 


fron and Steel Plates and Angles rivetted 
weighted in the middle. 





together thus supported at the ends and 
























































































ay _ 1, Test No. 2. Test No. 5. Test No. 6. TEst No. 9. 
ron. Steel. Iron. Iron. 
Plate Pr ‘im iby 3 in. Plate 64 by Y, in. Plate 6} in. by fin. Plate 6} in. by 7; in. Plate 6} by gin, 
An Angles Angles Angles. 
2gin. by 2§ in. —" Yc in. | 2}fin. by 2}5 in, by gin. | 2fin. by 241 in. by , in. 2§ in. by 2 in. by J in. 2j in. by 2§ in. by ,§, in. 
anent rmanent 
3 Deftection, | P°FMSPEM*! Defection, | Permanent | pefection. Permanent Deflection. | Permanent! Denection. | Perma 
ewt. in. in. in. in, in. in. in. in, in. in. 
4 oss ose eco nab 015 -0012 0185 005 .025 -010 
5 0125 0 018 0015 0166 .004 025 .005 .0275 0108 
7 021 .0057 025 -057 -022 .0057 .0265 .0058 .036 O1ll 
10 037 .009 038 0112 -032 -008 .0399 008 044 O116 
16 052 13 057 -0190 -048 012 056 112 063 0165 
20 065 O16 O75 0255 -063 0165 078 014 086 018 
25 084 021 .085 0256 .078 .0218 090 -0168 098 0215 
30 096 025 .100 .0257 084 0255 -100 -021 118 .0235 
35 107 027 107 026 107 .029 117 022 135 .0255 
40 -120 032 All .026 119 031 136 .023 .140 027 
45 132 0385 18 027 130 033 .140 -026 .155 0315 
50 -142 .039 130 .027 142 .038 155 027 167 035 
55 159 041 .138 .028 159 | 040 -160 0815 175 040 
60 170 048 144 031 -166 043 .180 .033 .200 044 
65 -190 O51 157 031 188 051 .200 042 -210 -058 
70 -209 .056 .166 035 200 056 215 -050 .240 068 
80 -240 .067 .180 038 .240 | .070 .260 073 335 166 
90 -280 .080 -200 040 310 | 1 330 130 530 -305 
wo 330 .130 228 051 390 .150 430 -210 .770 -490 
110 460 231 -290 -080 -550 305 .570 330 97 75 
120 648 383 335 158 .770 555 .750 .480 131 1.08 
730 840 580 440 -220 1.02 73 96 .720 1,87 1.63 
MO} 1.46 1.20 590 1.66 1.35 1,18 960 
150 1,98 174 710 40 2.44 2.15 1.50 122 Did not carry | tons. 
160 Did not carry. 860 64 1.96 Not taken Plate broke rough 
170 1.04 80 Plate broke through the] 2.43 % rivet holes. 
180 124 nottaken. | punched holes, Did not} 3,14 an 
190 1,58 e | carry 7] tons. 
200 1.85 ~ Plate broke through rivet- 
210 2.31 o holes. Did not carry 
220 3.32 pa 9% tons. 
Plate broke across both | 
punched holes. 



















middle. 
Bearings, 3 ft. apart. 
Pitch of rivets, 4 in, 


TABLE VIII.—RIGIDITY TESTS. 


fron and Steel Plates and Angles rivetted together 
le. 





thus supported at the ends and weightedin the 


































































































iven satisfaction, 
economy. 


have 


and in tion of 4,835, 
importa‘ 
18,000,000 owt. in 


in diameter instead of the cast-irun chilled wheel of 33 in. 
So far as the former wheels have been introduced, the 
and have produced a mark ked 


in 1875 amounts to 1,200,000 cwt. ; in 1876, to 2. "204,800 eet 
600 ewt. On the 


lish coal into Hamburg declined ‘from 
876 to 16,000,000 ewt. in 1877. 

American Steamers for Brasil.—Messrs. Roach and Sons, 
of , Pennsyl ha 
for the Brazilian mail service. 
eontract for ten years to carry the mails between Brazil 


Mr. Roach 


an iron steamer 
& has obtained a 


vessel 


3,385, 





ment 150,000 dols. 


be 





bas =. 3. Test No, 4. Test No. 7, Tsst No. 8. TEst No. 10. 
Steel. Iron. Iron. 
Plate & = by pin. Plate 6} in. by ,%, in. Plate 6} in. by gin. Plate 6} in. by y; in. Plate 6} in. by § in. 
An Angles — ng! Angles 
23 in. by 22 in. by ve in. | 2}§ in. by 2}f in. by pin, | 2g in. by gin. by Yim. | Qin. by Win. by gin. | Win. by 2§ im. by ,y in. 
‘ermanent rmanent 
3 Deftection. | P a Deflection. pggeent Deftection. | aon Deflection. | P¢ Bet. ent | Deflection. ar gel | 
ewt. in. in. in. in. in. in. in. in. in. in. 
2 aaa eco on nel 009 Perceptible 0031 None 006 0012 
5 O19 0012 0125 004 019 0013 0114 Perceptible .0165 0052 
10 038 0057 .032 0058 0315 0027 023 .00077 033 .009 
16 .060 O14 -042 0058 O51 012 036 005 046 Ol 
20 075 015 -056 0112 065 .016 048 .0057 .060 016 
25 084 018 063 0112 070 0168 063 0075 076 O17 
30 .107 021 .080 0112 096 .0169 .080 .0100 090 021 
40 -182 026 096 016 125 0210 093 O1LL -110 025 
i 60 .158 629 .130 022 144 025 123 0165 .140 .080 
60 .190 0815 140 0255 175 .030 -140 .0255 -159 .036 
70 210 033 159 .030 .200 .040 -170 035 -190 060 
i 80 240 042 -190 .036 .225 045 -200 053 .330 .150 
90 .270 056 235 049 .260 056 240 .068 500 .306 
100 336 080 250 070 305 107 320 130 .800 590 
mo 480 .209 320 170 430 .200 -430 -215 1.18 95 
| 120 .690 400 460 .210 — ry ry = 2.00 1.77 
130 870 .630 580 336 ; r t : 
140} 1.32 1.08 "750 490 1.73 1.47 118 S Pie wee, & 
150 1.86 1.61 1.07 84 Split at 140 ewt, outside 1.65 1.39 from edge to vest. 
160 3.42 3.08 14 1.00 ed f le th b 2.51 2.22 
170 1.58 1.30 i. <daeat not taken 
180 Angle broke through 215 net tabse the rivet hole. 
190 rivet hole. 2.10 Angle-iron did not carry 
use a ” 175 ecwt. Torn from 
210 : edge to root. 
; Did not carry 210. cwt. 


and the United mene a from the Brazilian Govern- 
payment for theservice. The 
steamer just launched is is the first of the line; a companion 


launched in a month. 


Bridges on the Pittsburgh, Cincinnati, and St. Lowis.— 
orders to 


German Coal at Hamburg.—German coal appears to be 
rather English coal | the ~~ market. | The Keystone Bridge Company has recei 
Thus the im of W coal in suburg es 


Coal in Pennsylvania.—The production of coal in Penn- 
sylvania has or eeegen te rather 


te extraction to 


The aggrega 

153 ho goog as ome with 4, 
Rolling Stock on as .. 4 hes France.—At the close 
of last year, the Eastern of France Railway Company owned 


Pittsburgh, Cincinnati, and St. Louis 


build 


contraction this 
6th amounted to 
145 tons in the 


es locomotives of various systems, 784 tenders, 2347 pas- 
senger carriages, and 21,499 goods trucks. The council of 
administration proposes to increase this stock ey a locomo- 


tives, 12 tenders, 48 passenger 632 goods 
is at og ge fms pe Woe pleting at its 


trucks. The yon | 
—— works ten bigh-speed onetive, One of these 
nes is, indeed, already completed, and is aoe employed 


wing quick trains upon the Mulhouse 


Locomotives on the ping omg and Rentine: —The 
number of locomotives on the Philadelphia and 
Railroad has been steadily increasing during the last twenty 
years. In 1857 the company owned 142 engines; in 1862, 
143 ; in 1867, 268 ; in 1872, 337; and in 1877, 415. The 
te distance run by engines in 1857 was 1,707,366 
miles ; in 1862, 2,088,166 miles ; in 1867, 4,356,385 miles ; 
in 1872, 7,238,778 miles ; and in 1877, 8,874,290 miles. 


Great Northern Telegraph Compan a .—The number of 

telegrams forwarded by the Great Northern Telegraph 
Company in the first four months of this year was 247,341, 
as compared with 219,799 in the corresponding period of 
1877. The revenue of the company to April 30 this year 
amounted to 61,3081. 


German Railways.—The aggregate extent of pene & in 
operation in Germany in ‘March, 1878, was 16,405$ mil 
The Sieh eat aggregate extent of line in auiee t in 
March, 1 was 15,733} miles. 

Rails on the Chicago, Milwaukee, and St. Paul.— 
ot med the om of 1876 the Chi , Milwaukee, and St. Paul 

Cprgeey bes SS os es of steel rails. There have 

since sass teas laid upon the system 77 miles of new Bessemer 
steel rails and 47 miles of first quality reheaded iron rails. 


The Suez Canal.—The number of ships which passed 
through the Suez Canal in the first four months of this 
year was 620, as com with 613 in the corresponding 
he riod of 1877, and 576 in the corresponding period of 1876. 

e transit revenue collected by the Suez Canal Company 
in the first four months of this year amounted to 464,8761., 
as compared with 486,3881. and 751,201. in the correspond. 
ing periods of 1877 and 1876. 


Working Expenses on the Eastern of France.—In 1877 
the ratio af the working expenses to the traffic receipts on 
the old network of the tern of France Railway stood at 
48.28 per cent., as compared with 47.75 per cent. in 1876. 
Upon the new ‘network the ratio of the working expenses 
to the ¢ receipts in last year to 58.41 per cent., 
as compared with 56.54 per cent. in 1876. 


Queensland Bridges.—Tenders have been invited for the 
construction of a low-level bridge across the Burdekin, for 
ordinary dray traffic, on the road between Townsville 
and Charters Towers. The Fitzroy bridge works at 
eee 7 have been suspended, owing to delay in the 
casting of the iron cylinders, and also to freshets in the 
river. The works were to be resumed in April. 


Queensland Railways.—A Royal Commission, consist- 
ing chiefly of members of Parliament, has been appointed 
to collect evidence as to the most advisable plan of con- 
necting the Southern and Western Railway of Queensland 
with navigable water, at or near Brisbane. 


Pennsylvanian Coal.—The Philadelphia and Reading 
Coal and Iron Company has struck a mammoth vein in 
the Dart colliery, near Ashland, Schuylkill County. The 
seam is 21 ft. in thickness, and the coal is of excellent 
quality. 

Permanent Way on the Paris, Lyons, and Mediter 
ranean.—The expenditure incurred in the repair and re 
newal of permanent way on the old network of the Paris, 

ons, — Mediterranean Railway amounted last ~ to 
150,009 2., as compared with 558,381/. in 1876. the 
course of last year steel rails were laid upon 184} miles. 
The replacement of iron rails with steel is only carried out 
as the iron rails are worn out. The traffic having some- 
what fallen off in 1877, renewal expenditure appears to 
have been economised in the same period. 


American Pig Iron.—At the close of March, 1878, there 
were 252 furnaces in blast in the United States, as com 
with 238 at the close of March, 1877. The number of fur- 
naces out of blast at the close of March, 1878, was 458, as 
compared with 488 a year previously. 

Women in Daeies —— Tegan i | anager 
rejected a pro or exclu emales from work in 

qual ~ and has cneaned a ministerial amend- 

the minimum age of boys wor! in the mines 
Is at thirteen years. The work per- 
formed by women in t py ey mines is usvally load- 
ing trams, and putting or hauling them down into the 
main roads, and attending doors. 


Pennsylvania Railroad.—Contracts for work on the 
Pennsylvania Railroad in Maryland have not yet been 
awarded, but the authorities of Cumberland are in active 
negotiation with contractors, and it is thought that the 
matter will be settled and the work commenced shortly. 


Coal Trafic on the Philadelphia and ~ es oe —In 
1857, the Phi phia and 
owned 5755 coal and freight cars. In 1877, the total had 
risen to 19,022.. In 1857 the company carried pry o4 
of coal ; in 1862, 2,310,990 tons; in 1867, 3 446,826 
; in 1872, 6,185,434 tons ; and in 1877, 7,255,318 tons. 
In 1 7 the receipts from coal traffic were 2,412,923 dols., 
in 1862, 2,879,419 dols. ; in 1867, 6,404,878 dols. ; in 1872, 
7,513,115 dols. ; ; and in 1877, 7,505,207 dols. Coal freights 
Cee Sean een omen crenny inthe lest Ranson, 
More Railways for Italy.—The Italian Bill for’ devoting 
to submit to the Italian liament a Bill for devoti 
a to the construction of additional Italian - 


ment fixing 
at twelve, and that “~~: 








ways. he execution of the works contemplated is ex- 
pected to extend over a period, as it is pro- 
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posed to expend only from 800,0001. to 1,400,0001. 
annually. 
Spanish Working Evpenses.—The ratio of the worki 
expenses to the traffic receipts on the Ciudad Real an 
Badajoz Railway stood last year at 59.39 per cent. In 

1872, the corresponding ratio was 65.07 per cent. 

American Bridge Bwilding.—Messrs. Clark, Reeves, 
and Co., of the Phenixville Bridge Works, Pennsylvania 
have been awarded the contract for a combined bridge an: 
viaduct to cross the Hudson at Albany. The contract will 
absorb about 3000 tons of finished iron. The same firm 
have also contracted for 1{ miles of the Gilbert Elevated 
Railway, on which they have been at work for the past 
six months. 


Japanese Kerosene Oil.— Although the existence of 
kerosene oil in several of the provinces of Japan is said to 
have been ascertained for 1200 years, the Japanese did not 
know how to refine it till about six years ago. Now, how- 
ever, refining establishments are springing up rapidly in 
oom and the manufacture is becoming an important in- 

ustry. 


THE PAST, PRESENT, AND FUTURE OF 
THE RIVER THAMES.* 
By J. B. RepMan, F.R.G:S., Memb. Inst. C.E. 
(Continued from page 419.) 

THE first comprehensive plan.for the improvement of the 
banks of the metropolitan portion of the river in modern 
times was that by Sir Christopher Wren, after the fire of 
London, in 1666. In 1767 an embankment was carried out 
on the Middlesex shore by Mylne, in connexion with Black- 
friars Bridge. The well-known terrace of Somerset House, 
by Sir William Chambers ; the Adelphi-terrace and em- 
bankment in 1770, by the Brothers Adam; and the Peni- 
tentiary embankment, Millbank, about complete the list of 
such works above bridge, until the terrace was formed for 
the new Houses of Parliament, the first instalment of the 
modern Thames Embankment. 

On the 17th of May, 1793, a report was made by a Com- 
mittee of the House of Commons, which recites the various 
Acts for the improvement of the river and the several 
schemes that had been brought forward from time to time, 
and pointedly directed attention to the ifact, that no 
regular survey or plan of the river had ever been made, nor 
had any systematic scheme of improvement been acted on. 
This pointed criticism is almost equally apposite at the 
present time. 

On the 13th of May, 1796, a committee again reported ; 
among others, a plan was brought forward by Mr. Ogle, 
for deepening and improving the river, and extending the 
legal quays. Evidence went to prove that this deepening 
could not be maintained, except at great annual charges, 
without a corresponding narrowing of the channel, “all 
rivers,” the report stated, ‘‘ having a tendency to restore 
themselves to their natural dimensions proportional to the 
volume of water they may have to discharge.”’ This, how- 
ever, was prior to the removal of old London Bridge, and 
when the increased volume of water to be gained, was not, 
perhaps, altogether anticipated. In the appendix is a report 
from Mr. Reveley, in which he proposed to regulate the 
widths and depths, and he said upon the full or partial 
execution of his proposal did the relative improvement 
depend ; he also recommended the removal of old London 
Bridge and the water works. 

On the Ist of June, 1799, a Select Committee of the 
House of Commons made their first report on the improve- 
ment of the port of London, and on the 11th July, 1799, a 
second report on the various projects then afloat for docks 
and quays, and on the rebuilding ‘of London Bridge. Mr. 
Dance, the surveyor, had been called on for a plan of the 
old bridge, from which it appeared that, subsequent to 
1761, the two centre arches had been thrown into one. 
From a report made by Smeaton, this caused, what might 
have been inferred to some extent, the tide flowing 4 in. 
higher vertically above the bridge than before the altera- 
tion. The starlings around the piers had also been 
strengthened, and the committee referred to the fact that 
the depth under the centre arch at low water was 10 ft., 
but that a bank below it had at the same period of tide, 
only 18 in. of water on it. Smeaton, in a report to this 
committee, compared the effect on the river to that pro- 
duced by a sluice, through the openings of which the water 
of one part of the river was discharged into the other. 
Ralph Walker also showed that the bridge was the cause 
of shortening the distance the tides would flow up, and de- 
prive the river of a natural scour below ; he also considered 
that embankments would have a similar effect proportionate 
to their extent. On the 28th of July, 1800, the Select Com- 
mittee reported in favour of rebuilding the bridge ; re- 
specting the proposition to embank and improve the shores, 
an opinion was expressed that a considerable embankment 
of the north shore would be an improvement. A quarter 
of a century later, we find Nash, Colonel Trench, and 
Martin, the painter, all advocating a mes quay ; opinions 
as to the effects to be expected were divi Colonel 
Trench brought forward his plan for an embankment and 
raised roadway in 1824, and published a quarto illustrated 
volume, dedicated to his grace the Duke of Rutland, in 
1827, wherein the Strand of that day is described by the 
colonel as, “‘ that important thoroughfare, dangerous and 
almost impassable.’’ He referred to the counter proposi- 
tion for a quay on the south side, which he considered 
would be comparatively useless in relieving the street 
traffic. Ofhis own design, he says: ‘‘ The promoters of 
the plan for making a quay along the north bank of the 
Thames do not pretend to the merit of a novel suggestion.” 
In his repeated references to Continental cities, as an 
argument in his favour, the gallant colonel, and the 
numerous projectors that have succeeded him, forgot how 
little real comparison there is between the banks of the 


* Paper read before the Society of Arts. 
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Thames, regarded for trade purposes, and those of any 
other river in Europe. 


On the 17th of July, 1824, a meeting of influential | and 


eee and of those connected with the river, was held on 
the Merchant Taylors’ state , to consider 
Colonel Trench’s plan, which he described, and said that 


his terrace would ‘‘ form one side of a basin, or wet dock, | b 


containing seven or eight acres of water.’ The road was 
proposed to be raised to the level of the bridges, ona colon- 
nade, for which the columns then standing in the Quadrant, 
Regent-street, were the colonel’s favourite type, and which 
he measured in 1840, for the purpose. Under this viaduct 
was headway for the wharves and access to the docks. 
Messrs. Wyatt and Rennie subsequently estimated the cost 
of the pre work at 611,0001. 

On the 26th of December, 1824, the Times said: ‘‘ We 
have seen the representation of the proposed Thames Quay 
in the pantomime, and the only place where we are ever 
likely to see any more of it.’’ 

In an article in the London Magazine of the Ist of 
January, 1825, the construction of the quay on the south 
side was advocated, as ‘‘ following the plan which nature 
seems to have recommended,” that at Waterloo Bridge, 
the aroma and only navigable channel is close to t 
Mid shore, and that the three southernmost arches of 
this bridge could, ‘‘ without reducing the bridge a fragment, 
be advantageously spared from the river.’’ 

Rennie, in a letter of the 14th of September, 1824, to the 
Committee of Ma: ent, stated, ‘‘ It was his opinion, 
as far as his researches had gone, that the navigation of 
the river would not be injured but imp by the con- 
struction of a quay 100 ft. wide, to extend from Scotland- 
yard to Waterloo Bridge, and also, that the whole expense 
would amount to 350, .’ This, in effect, was the 
turning-point of the question, whether it was advisable to 
carry an embankment into the deep water in front of 
Somerset House. Mr. Rennie, prudently at that time, 
stopped at Waterloo Bridge, the deep water under which 
is at the extreme Middlesex end. By commencing below 
Scotland-yard, he also avoided the then almost insuperable 
difficulty of passing all the ornamental property in White- 
hall and Privy Gardens, and also avoided interference with 
the coal trade, so much deprecated then. The good 
achieved by passing Somerset House and the Temple 
Gardens was the extension of the river road more eastward, 
towards the City. 

A joint stock company was formed, called the ‘‘ Thames 
Quay Company,” for raising the funds by 1001. shares, and 
Sir Edward Banks offered to execute the work on Mr. 
Rennie’s estimates and prices. In a memorial, addressed 
to the Lord Mayor and Common Council of the City of 
London, by owners and occupiers of wharves premises 
on the north bank of the Thames, they stated that their 
eee would be materially injured, and, in places, 

yt ape, and in a letter to the newspapers of the day, of 
the 4th of February, 1825, they reiterated their objections 
to the plan, and expressed their determination to oppose it 
by — ssible and legal means in every stage, and that 
no modification could compensate them, if the scheme 
which they termed absurd and extravagant, were carried 


out. 

Colonel Trench presented his petition on the 19th of 
February, 1825; during the same month his lithographed 
view of the north bank of the Thames, with his proposed 
quay and improvements, made its appearance, which drew 

orth very conflicting opinions and criticisms. On the 15th 
of March he brought up the report of the committee, and 
moved for leave to bring in the Bill. During the debate, 
Mr. Calcraft referred to the interference with trade, de- 
clared the whole scheme delusive, pictorial, a splendid im- 
possibility, and that it would cost four or five millions of 
money. Mr. Hobhouse was sorry to be obliged to confirm 
this view, and considered the expense of going into com- 
mittee would be so t that the colonel would never carry 
his plan. The result proved the truth of this prediction. 

Colonel Trench stated the plan applied merely to the im- 
provement of the river. He had adop Rennie’s view 
respecting the terminus, and selected Craven-street to start 
from, on account of its altitude, and the lowness of the 
property to the westward. 

Mr. Grahien proposed postponement, until the effect of 
the removal of London Bridge had been ascertained. Sir 
J. Yorke thought the plan impracticable. Lord Palmerston 
considered the construction of quays would be highly ad- 
vantageous. He questioned the Admiralty plea that, as 
theeffect of rebuilding London Bridge would contract the 
of the river above at low water, the quays were objection- 
able; but that, were the objection that the removal of the 
bridge would increase the volume of water flowing upwards, 
and necessitate the widening of the banks, he could under- 
stand it. Sir R. Wilson supported the measure, and quoted 
the quay at St. Petersburgh as an — worthy of 
imitation. Mr. Peel trusted no decision would be come to 
until the effect of the removal of old London Bridge had 
been ascertained, and expressed a doubt whether the plan 
would be any improvement, that it would interfere with 
property, obstruct the view of the river from sev 
—‘‘ above all, the beautiful view from the Temple ens.” 
Mr. Baring referred to the growing necessity for an im- 
proved mode of communication between the extremities of 
the metropolis, that the removal of the s t mud in 
front of Privy Gardens would be useful and ornamental, 
and was, in his opinion, indispensable. The House divided 
— Ayes, 85; noes, 45. Majority for bringing in the Bill, 
40. Owing to the great opposition experienced, the B 
was subsequently withdrawn. 

In 1840, a Committee of the House of Commons, of 
which the late Alderman Sir Matthew Wood, the father of 
the present Lord Hatherley, was chairman, went very 
closely into the subject. The chief plan examined was that 
proposed by Mr. James Walker, and a great deal of 
evidence was taken as to whether it could be carried out in 
conjunction with Colonel Trench’s and Mr. Martin’s prior 











concerted 
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Blackfriars on the Mi , and on 
the Surrey side. 

This embankment was for 
it was urged that the continued safety 
on wharves would depend on its being 
oo se Supening ses Son removal of old 
sen this has continued, but dredging has been more 

; these ts were in favour of 

ment in front of Somerset House. 
north side only was 310,0001., but it was not a continuous 
but intermittent wharf, and had lie- or recesses ite 
Scotland-yard, and elsewhere, for coal wharves, and 
Se Go 
ing the quay was 8' con 
but the wharf s in front of certain favoured 
localities, leaving an inclined for the barges to take 
the ground on, as at Calvert’s brewery at the present day. 
There was no continuous road , unless it had been 
carried on a viaduct, as by Colonel Trench, for 
which a designs and estimates were put in. 
pt oh a intellige re ; he was then 
op in a most vigorous, in nt, and s manner, 
Under. Seerstary of State for War, sir Benjamia Hawes. 

nder- 0! ‘or War, Sir Benjamin Hawes. 
The committee, possibly from this cause, arrived at no 
em and from the lateness of the session, made no 
report. 

On the 13th of December, 1841, the same engineer, Mr. 
James Walker, made a Fm to the Thames Navigation 
Committee, s ting si lines, but.extending upwards 
to Putney, and downwards to below Woolwich, urging that 
the — defect of the river was its unequal width and 
depth ; that in few parts within the above limits was there 
mud below low water, but that it was nearly all on the 
sides, the bottom under low water being generally gravel 
or sand, overlying the London clay; in some places peat 
and silt were found above the gravel; formerly in many 
places above bridge, the bottom consisted of mud where now 
gravel only is found. It was estimated the removal of the 
shoals from Erith to London Bridge, to give 12 ft. at low 
water, and assuming that none of the material was fit for 
ballast, would amount to 60,0001. ; also that the deepened 
channel would compensate for the backwater shut out by 
the embankment, and that the lowering of the surface of 
the water above bridge 1 ft., and for four miles in extent, 
was found by calculation to equal the solid contents of the 
embankments above London Bridge. It is clear, however, 
without calculation, that the —— of tidal water mainly 
stored towards high water, is more than equivalent to 
equal quantity at and near low water. : 

The first report of the Metropolis Improvement Com- 
missioners of the 27th of January, 1844, reviewed the 
various Whilst admitting the advantages of the 
solid em ment, and regulating line, they said the 
objections were not 80 easily di of, as ‘the abstrac- 
tion of tidal water from a navigable river is in principle 
objectionable, inasmuch as it diminishes the efficiency of the 
scour ;’’ and that evidence went to show that this effect, 
‘* if not felt in the Pool itself, would be more or less injurious 
in the district of the river below the Pool.’’ Of the evidence 
on this subject aw hee gm says, ‘‘ The general tendency of 
these opinions, in , in reference to the 
before us, was that, assuming the navigable current to be 
improved by judicious ing, a uniform course and 
increased velocity to be given to its channel, the loss would 
in great measure be compensated ; but these opinions were 
given in reference only to a small portion of the river, 
irrespectively of any system for its general ent.” 

Mr. Page’s plan of tidal docks within the em! ent 
was brought forward to meet this objection; the dwarf 
piled recess and the tidal basin are both alike also an a 
to meet a difficulty, hitherto fatal to all plans alike for t 4 


bed | metropolitan Surrey side, the affording accommodation 


the trade along the banks. To docks within the embank- 
ment there are practical objections well known to all con- 
versant with the river, the chief being, the rapid deposition 
of mud in any recess or lie-bye, and which, in the plan of 
1840, was supposed to he raked off the inclined planes, and 
squeezed off by the craft taking the ground, as we see in 
daily operation at Calvert’s wharf, just above London 
Bridge, and elsewhere along the river s 

This —— of 1844 contains a mass of evidence on the 
effects to be anticipated from the embankments, but all 


laces | proposed an extensive system of dredging to remove shoals, 


and thus to increase the volume of water at low water, to 
omg in a degree for that excluded by the embank- 
ments. 

It is however evident, that although deepening, regu- 
lating, and improving the channel at low water is a pent 
benefit, and one that is bein ually secured, that the 
large amount of water exclu and which formerly was 


ill | available at the top of the tide for scouring below, cannot 


ibly . be compensated for a deepened low water 
nee even were it extended very much above and 
below the new embankments, because, to reiterate, the 
water is excluded at high water when most efficient for 
scouring below bridge, and cannot be qupueaee for by 
Sit comme dovawechs by Ga veiaieman 
in its course e i ° 

(To be continued.) 
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EMERY GRINDING MACHINERY AT 
THE PARIS EXHIBITION.—No. I. 


Tue use of solid emery wheels for grinding and 
cutting Y geoees has only within the last few years 
acquired anything like an established place in 
English mechanical engineering practice, and it is 
yet far from having attained in Europe that de- 
velopment to which we consider it is entitled. In 
the United States solid emery wheels have been 
long used to an extent scarcely known in this 
country, and it is undoubtedly a fact that, until a 
comparatively recent period, the Americans were far 
ahead of us and of Continental nations generally in 
the mechanical contrivances necessary to turn to 
proper account the capabilities of such emery wheels. 
Now, however, the art—for it is an art—of emery 
grinding is rapidly receiving at the hands of English 
engineers the attention it deserves, and of late impor- 
tant progress has been made in the production of 
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machines for various purposes in which emery 
wheels either take the place of cutting tools, or 
perform work for which cutting tools would not be 
applicable. Of this the Paris Exhibition contains 
good evidence as we shall see presently, 

Emery grinding machinery may be divided 
broadly into two classes, the first containing the 
machines in which there are one or more emery 
wheels running in certain fixed positions, the work 
being applied to them by hand, and the second in- 
cluding those machines in which the relative motions 
of the wheel and work are governed by some kind 
of controlling mechanism which may or may not be 
automatic in its action. In machines of the 
former class, the shape given to the work by 
the action of the emery wheel, depends upon the 








manual skill of the operator, while in machines of 
the latter type, manual skill has nothing to do with 
the accuracy of the work turned out, this beiog de- 
pendent upon the adjustments of the machines. Of 
both these classes of tools we propose now to have 
something to say. 

And here we may remark that the solid emery 
wheels with which we are about to deal are in no 
way allied in their action with the emery-dressed 
buff. wheels which have so long been used in our 
workshops for the purpose of polishing, or glazing. 
It is quite true that glazing can be done by a solid 
emery wheel, but for polishing purposes it cannot 
fairly compete with the buff wheel, the slight elasti- 
city of the latter rendering it capable of imparting a 
more highly finished surface. A solid emery wheel, 
on the other hand, is essentially a cutting imple- 
ment, and in this respectits action is more analogous 
to that of a file or grindstone, and it is capable 
of replacing the latter for nearly every purpose for 








which it is employed, while it 8 this advan- 
tage over the grindstone, that it is more rapid 
in its action, that it can be more easily made to 
special forms and kept in shape, and that by it more 
uniform quality can be obtained for any particular 
class of work than is possible where natural stones 
are used for grinding. Of course, however, there 
are emery wheels and emery wheels ; and it is the 
first essential towards success in emery grinding or 
cutting, that the wheels used shall be of satisfactory 
quality and suitable to the work to be done. It is, 
however, not our present purpose to enter into the 
relative qualifications of different makes of emery 
wheels, but rather to deal with the mechanical 
application of such wheels, and we shall only say 

erefore that there is now no difficulty in getting 








solid emery wheels of a thoroughly satisfactory kind 
in this country. — 

We have said that the action of a solid emery 
wheel is analogous to that of a grindstone, and it is 
only on the supposition that by some Darwinian 
process of selection certain emery grinding machines 
at Paris have been evolved from a grindstone trough 
that we can account for their existence at all, Emery 
wheels have to be run at a high speed, and hence 
certain amount of solidity is essential in th 
machines carrying them, while the spindles must be 
of sufficient size to give rigidity, and ample bearing 
surfaces must be provided, The earlier emery 
grinders were most of them lacking in these essen- 
tials, and a survey of the exhibits at Paris shows 
that some makers still construct machines with the 
old faults, while others appear to think that 
clumsiness is equivalent to strength, and that a 
superfluity of cast-iron in some places can make up 
for a deficiency of material in otliers. 





LIMITED, ENGINEERS, GLASGOW. 


Undoubtedly the best —as well as the largest and 
most varied —collection of emery grinding machine 
at the Paris Exhibition is that shown in the Britis 
Section by Messrs. Thomson, Sterne, and Co., of 
Glasgow. We have on former occasions illustrated 
several emery grinding machines for different pur- 
poses made by this firm, and it will therefore be un- 
necessary here to re-describe many of their exhibits 
at Paris; there are, however, in their collection 
several machines’ which require more than a pass- 
ing notice, and of some of these we this week give 
engravings. 

n that class of machines in which the work to 
be operated upon is applied to the revolving wheel 
by hand, Messrs. Thomson, Sterne, and Co., have 
a large number of exhibits, these including specimens 
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of their “universal” grinders of various sizes. 
These machines have each two. emery wheels 
mounted on opposite ends of one spindle, the wheels 
varying from 12 in. to 36 in. in diameter in the dif- 
ferent machines, These grinders are suitable for 
a vast variety of work, such as trimming castings, 
dressing forgings, and acting as substitutes for the 
use of the file in many operations. The wheels are 
provided with rests for supporting the work to be 
operated upon and the machines are of good sub- 
stantial patterns, with ample bearing surfaces for 
the spindles. In general design they resemble the 
brick-shaping machine, of which we shall give 
particulars later on. Another class of grinders 
shown are provided each with a single emery wheel 
only, and the heads which carry the spindle-bearing 
are designed so that they can either be fixed to a 
bench or mounted on a neat cast-iron standard 
carrying a countershaft with fast and loose pulleys. 
These grinders are particulariy suited for use in 
workshops where a number of specially shaped 
emery wheels are required, 

The emery wheels manufactured by Messrs, 
Thomson, Sterne, and Co,, are made under the 

atents of Coles, Jaques, and Fanshawe, the firm 
caine a few years ago acquired the rights of manu- 
facture from Messrs, Warne and Co. These wheels 
are suitable for either wet or/dry grinding, and a 
number of the machines shown at Paris are arrang 
for the former process, We have on a former 
occasion spoken of the advantages accruing from 
the employment of emery wheels for wet grinding, 
and particularly forstool s ning, the use of 
water doing away with the objection sometimes 
made to the employment of emery wheels amongst 
other machine tools, while the emery wheels give 
to the tools a better edge, and enable them to be 
ground far more accurately than is possible with 
ordinary grindstones, and particularly with grind- 
stones in their average condition. The emery wheels, 
too, take up far less space than a grindstone for the 
same work, while, as they can be readily stopped 
and started, there is no occasion to run them except 
when they are in use, We illustrated one of Messrs, 
Thomson, Sterne, and Co.’s tool grinders at the time 
these machines were first introduced (vide page 397 
of our twenty-first volume), while more recently 
we illustrated in detail a much larger machine of 
the same class (vide page 500 of our last volume), 
and this being so we need not enter into particulars 
of the machines here, We may, however, say that 
in all these tool grinders the frames form a tank 
containing water, this water pe raised by a small 
centrifugal pump, and discharged through suitable 
pipes on to the wheel from which the great portion 

ows back into the tank again. Great care has 


evidently been bestowed: upon the design of these | P 


machines, and their details are well worked out. 

Turning now to those machines in which the 
movement of the work relatively to the wheel is 
specially .controlled by suitable mechanical con- 
trivances, we find a number in which the wet grind- 
ing process is employed. Prominent amongst these 
are the twist drill-grinder and tap-groove sharpener, 
the latter tool being not only adapted for sh jing 
taps but being also available for a variety of other 
purposes, its action being similar to that of a mill- 
ing tool. Both these machines have already beon 
fully described* im our Ss, and we need, there- 
fore, only refer to them here as well designed and 
very useful tools. Another machine of this class 
exhibited is that for grinding the knives used for 
paper-cutting, wood-working, &c., the knife to be 
ground being in this machine fixed to a traversing 
table which carries the knife across the wheel, pro- 
ducing a perfectly true edge ground to the proper 
angle. By a slight addition this machine is made 
available for grinding the knives of lawn mowers. 
Messrs. Thomson, Sterne, and Co. also show a saw 
sharpener which is noticeable for its good design, 
but which does not include any special novelties in 
its arrangements. 

Amongst the dry grinding machinea in which the 
motion of the work relatively to the wheel is con- 
trolled mechanically, one of the most ingenious is 
Handyside’s patent pulley grinder, of which we this 
week give engravings on e 443. This machine 
is capable of grinding pulleys with either straight 
or curved rims, and all the belt pulleys of Messrs. 
Thomson, Sterne, and Co.’s machines are finished 
by it. Referring to our engravings it will be seen 

* The twist drill-grinder was illustrated on page 23 of 
our twenty-first volume, while vings of the ta 





engra 
groove sharpener will be found in our twenty-third volume, 
page 146. . 








that the machine consists of a substantial frame on 
which are mounted two heads, the one carrying an 
emery wheel and the other a mandrel on which the 
pulley to be operated upon can be fixed. The first 
mentioned head can be shifted to and fro along its 
bed, so as to enable the emery wheel to be brought 
to bear upon pulleys of different sizes, and, as will be 
seen from our left-hand view, the driving belt 
arrangements are such that the tension of the belt 
which gives motion to the emery wheel is not altered 
by the head being shifted on the bed. 

The second frame or head which carries the pulley 
to be operated upon has more complicated move- 
ments, Thus in the first place the frame carrying 
the mandrel is adjustable towards or from the emery 
wheel, so as to bring the centre line of the mandrel 
either directly over the centre of the base, or at dif- 
ferent distances from that centre; secondly, the 
casting on which the mandrel frame immediately 
rests is capable of being moved to and fro at right 
angles to the plane in which the emery wheel re- 
volves; and, thirdly, the base which carries this 
slide has cast on it a strong hollow vertical cylindrical 
centre to which a reci ting rotary motion can 
be communicated. erring to the left-hand 
view on page 443 it will be seen that the transverse 
movement of the pulley-carrying frame is imparted 
by a connecting rod coupled to an adjustable crank 


ed| pin in a disc crank at the upper end of a short 


vertical shaft, this shaft carrying a worm-wheel into 
which a driving worm engages. By this arrange- 
ment the pulley to be ground can be slowly tra- 
versed to and fro across the emery wheel. At the 
lower end of the vertical shaft just mentioned is 
another disc crank with an adjustable pin which can 
be coupled by a suitable rod with an arm on the 
bottom of the vertical centre with which, as we have 
already stated, the base of the pulley-carrying frame 
is provided. By the use of this crank alone, or by its 
employment in conjunction with the other crank, 
combined with the power of adjustment afforded by 
the upper slide of the pulley-carrying frame, such a 
motion is given to the pulley as to impart to its rim 
any desired convexity. 

The right-hand view on page 443 shows clearly the 
manner in which the pulley under treatment is 
mounted on its mandrel, and also the arrangement 
of the gear by which a slow revolving movement 
is imparted to the latter so as to bring all parts of 
the pulley rim successively under the action of the 
emery wheel, The arrangement of the belt gear for 
maintaining a proper tension on the belt while 
leaving the pulley-carrying frame free to move, will 
be readily understood from an inspection of our en- 
gravings without special explanation. One of the 
greatadvantages of the machine is that it enables 
ulleys to be cast much lighter and more nearly to 
their finished size than would be possible if they had 
to be turned in a lathe, while when once set it is 
perfectly automatic in its action. 

Another ingenious machine, also patented by Mr. 
Handyside, the managing director of. Messrs. 
Thomson, Sterne, and Co.’s works, at Glasgow, is 
the wheel tooth-dressing machine, of which we give 
engravings on page 447. ‘This is a double ma- 
chine capable of dressing two wheels of ‘the same 
or different sizes simultaneously. Referring to our 
engravings it will be seen that the frame of the 
machine carries a countershaft @ provided with the 
usual fast and loose pulleys, and also with another 
pulley, from which a belt is led off to.drive the 
spindle 4, on which the two emery wheels i i, are 
mounted, On the shaft @ there is also a pinion 
gearing into the spur wheel 4 on the shaft c, and im- 
= to that shaft a moderately slow movement. 

n the ends of the shaft c are disc cranks d d, coupled 
by suitable rods to sliding frames which carry the 
wheels of which the teeth are to be dressed. The | 
mechanical arrangements connected with these 
frames are identical, and we shall therefore refer to 
one only. The wheel g to be operated upon is 
placed in a horizontal position on a suitable mandrel, 
this mandril being mounted on a slide by means of 
which it can be adjusted to the required distance 
from the emery wheel. As the frame is moved up 
and down by the action of the crank on the end of 
the shaft c, the wheel to be dressed is carried past 
the emery wheel and the space between a pair of 
teeth is dressed out. It will be noti that 
the wheel under treatment is kept steady by a 
Spring-catch or detent—which engages with the 
teeth, as shown, this detent being carried by a bar, 
the lore of which is adjustable to suit different 
size heels. To render the machine automatic 


which the wheel which is being dressed is shifted 
round one tooth after each vertical reciprocation. 
This arrangement consists of another detent en- 
gaging with the teeth, and having a movement im- 
parted to it by means of an inclined plane as the 
wheel-carrying frame rises and falls. ‘This inclined 
plane is adjustable to different angles so that, the 
feed movement can be adjusted to suit different 
pitches, and a spring is provided between the 
feeding detent and its driving gear, so as to allow 
for any slight irregularity in the pitch, or in the 
adjustment. Of course the feed movement is 
effected at that part of the vertical traverse of the 
wheel-carrying frame when the wheel under treat- 
ment is clear of the emery wheel, the spring detent 
insuring that the wheel shall be properly held after 
it has been fed forward the space of one tooth. The 
machine is a very useful one, and the manner in 
which, by very simple means, the designer has ac- 
complished the apparently difficult task of suiting 
the machine to all varieties of pitch is specially 
worthy of notice. 

Another novelty in Messrs. Thomson, Sterne, and 
Co.’s collection is the brick-shaping machine, of 
which illustrations are given on page 447 of the pre- 
sentnumber. This machine can be employed for 
either surfacing or moulding bricks, and our en- 
graving shows it arranged for both purposes, the 
right-hand end of.the spindle carrying a broad emery 
wheel for surfacing, while the left-hand end is 
mounted with three wheels for cutting mouldings. 
The machine consists practically of the upper part 
of one of Messrs. Thomson, Sterne, and Co.’s 
universal grinders fitted with tables C, supported 
by suitable standards, and each of which can be 
raised or lowered by means of a rack and pinion 
operated by a hand-wheel d and worm gear. Each 
tube is furnished with an adjustable guide D. For 
surfacing bricks the table is adjusted so that the 
wheel just appears through it, while when mouldings 
have to be cut, the table is lowered according to 
the depth to which the brick is to be cut away. 
The action will be readily understood from our 
engravings. 

This application of emery wheels to brick surfac- 
ing and moulding is so far as we know novel, and 
it promises to be an importantone. The wheels are 
kept true to shape by the use of diamond tools, and 
they can be readily changed when desired. Figs. 
3 to 9 on page 447 show some of the moulding 
which can be produced, but of course these can be 
greatly varied. 

We have devoted considerable space to a notice 
of the chief novelties in Messrs. Thomson, Sterne 
and Co.’s exhibit of emery grinding machinery at 
Paris, because we consider that the collection of 
tools compeens it possesses more than ordinary 
interest. The machines are all well designed for 
their respective purposes, and from their great 
variety they are well calculated to illustrate the 
adaptability of emery grinding to widely differing 
classes of work. Considering that, as we have 
already stated, emery grinding isnow rapidly making 
its way as a regular pactice in European workshops, 
the machines of which we have been speaking are 
well worthy.of special attention, . 


MENIER’S CHOCOLATE FACTORY. 

Monsreur E. T. Menrer; whose reputation as a 
manufacturer of chocolate is univ , has several 
extensive collections at the Champ de Mars 
palace of the Paris Exhibition. In the English 
Section he has a large and handsome show case 
filled with the products of the London factory, 
and in the French Section is another containing 
those of the French works at Noisiel. In the 





| annexe of electrical exhibits his collection of wires, 


cables, and apparatus from the factory in Paris, is 
conspicuous, and in the main building he exposes 
some of the most perfect examples of india-rubber 
industry. The section devoted to central America 
is largely occupied with a Ni hut, built of 
bamboo and leaves, and filled with specimens of all 
the natural products of the country in which he owns 
the large estates known under the name of the Valle- 
Menier and situated between Nandajme and Rivas. 
This estate, which M. Menier acquired in 1852, has 
an area of 3750 acres, and contains, amongst 
other products, about 300,000 cacao trees. 

A second estate, called San-Emilio, placed 13 miles 
to the south-west of Lake Ni has an area 
of 15,000 acres, and is also employed for the 
culture of the cacao. 





an ingenious arrangement is provided by means of 





Besides the manufacture of chocolate by which 
M. Menier is most widely known, he owns several 
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other very large and important works, notably one 
for the production of rubber and telegraph cables, 
another for the production of sugar, a third for 
making glue. He is besides interested in chemical 
works on a large scale, and carries on extensive 
operations with fertilisers treated by a method 
peculiar to himself. With these things we have at 
present nothing to do, as we propose to consider 
only the chocolate factory at Noisiel. 

The cacao tree requires considerable care in its 
cultivation, and takes about seven years to bring 
it into full development; it lasts from 25 to 
30 years, grows to a height of about 15 ft., and yields 
two crops a year, each about 24 1b. in weight, of 
dried beans or almonds... The soil of the plantation 
must of necessity be richand well irrigated, and the 
temperature from 70 deg. to 80 deg. Fahr. The trees 
are planted in rows wide apart (about 600 trees per 
acre), and avenues of trees have to be 
planted between them to afford shelter from wind. 
The finest quality of cacao is grown im Caraccas, 
where it is subjected before shipment toa primitive 
drying process. This process consistsin distributing 
the beans in a thin layer, and them covering them 
with earth, on which is laid another bed of beans, 
another of earth, and so on, «By this: means the 
beans are slightly fermented: as well as dried, and 
they are delivered at the works with a large quan- 
tity of the red earth in which they have been treated 
still adhering to them. The less valuable varieties 
are brought from TPrinidad, Brazil, Venezuela, and 
Nicaragua, and these are not subjected to the curing 
process above mentioned. The beans are simply 
separated from husks, stalks; &ec., and laid on large 
trays upon drying floors, 

M. Menier purchases large quantities of the 
various classes of eacao besides that of Caraccas and 
his own importation, the different varieties being 
mixed together in such a way as to produce the 
best results. 

The works of M. Menier are situated on the Marne 
at Noisiel, about 20 miles from Paris, and about 
five miles from Chelles on the Eastern Railway. 
The works are romantically located in a rich 
and fertile valley, partly beside and partly over the 
river ; on the slope adjacent is M. Menier’s private 
residence, and on the right is the town recently 
built by him for the accommodation of his workmen. 
The buildings consist of an engine-house in the 
centre of a large court-yard, of two large wings, 
under which is a vast extent of underground cellars 
and rooms, and of a factory built over a branch of 
the river, where the chief prccesses of manu- 
facture are conducted, Besides these there are 
several detached buildings of small importance. 

The engine-house contains a pair of engines, 
together of about 150 horse power ; the boilers, of 
which there are three, are placed in the basement 
story of the works, and supply steam not only for 
the engines but also for the various requirements of 
manufacture. The two engines are coupled on the 
same shaft, carrying a geared flywheel, which 
drives, through an intermediate gearing, the main 
shaft 63 in, in diameter. The latter is thrown out 
of gear by means of a sliding coupling on the in- 
termediate shaft when it is desired to drive the mill 
by means of the water power available. Water 
indeed is the chief motor at Noisiel, but it cannot be 
relied upon at all periods of the year. 

The principal factory, that built over the stream 
driving tie turbines, is in all respects a remarkable 
structure—remarkable in its erection, design, and 
arrangement. It occupies the site of an old mill 
dating from the 12th century, and the central pier, 
which now helps to carry the new structure, formed 
a part of the ‘‘ Moulin de Noisiel.” To-day it is 
one of four, between which three turbines are in- 
stalled, driven by the water diverted from the 
Marne by the dam a little distance beyond. As 
the building placed over the river is five stories in 
height, and contains a large quantity of heavy ma- 
chinery, the framing which supports it is necessarily 
extensive. It consists of a series of tubular girders 
about 30in. in depth laid upon the piers. Upon 
this superstructure is carried an iron framework, 
which supports the various floors of the building. 
The sides are constructed in hollow bricks laid in a 
triangular framing of T irons, which appearing on 
the outside give a characteristic appearance to the 
structures. The framings of the windows are double 
and also in iron, and on the interior of the walls the 
building is strengthened by a system of T-iron brac- 
ing. ‘The bricks employed are of different colours, 

to give a good effect to the facade, which is 
further enriched by panels of ceramic work. The roof 


is pitched on the outerside and arched within, and the 
rafters are connected by T-iron purlins, to which 
are also attached intermediate rafters. On these 
are secured a system of angle-irons disposed to form 
a lattice which receive the tiles covering the roof. 
An ornamental gutter runs around the building. 
The fagade facing the central court is decorated 
with a clock gable, in which is placed an electric 
clock controlling others in the works, At the other 
end is an octagonal projection running from the 
floor to the roof, and containing a spiral staircase 
giving access to all the floors. As already stated 
there are in all five stories, the basement, ground 
floor, and three above that level. The first named 
gives access to the turbines, and is under water 
when the river ishigh. It consists of T-iron bearers 
covered with chequered plates. The ground floor is 
formed with double ae te, saan 
the main girders carrying the building, an 
brick par pt Satienen ‘non e surface 
= — ety Some the middle of par first 
oor, whichis dev q to shafting, placed 
a series of lattice girders carry the horizontal 
and vertical shafts. en mr ae of — 
T-iron joists, running longit: ly, and suppo: 
by suitable ceotes ganda, and a double row of 
columns. At the ends they are attached by brackets 
to the main framing of the building. Brick arches 
are turned between these joists, and the surface of 
the floor is finished with tiles. The second floor is 
formed like the first, but stronger, on account of 
the heavy machines it has to carry, and the floor 
beams are box girders. The upper floor is 
suspended from the roof principals, so that there are 
no columns required to carry it. The total weight 
of this building is 538 tons, divided as follows : 


Tons, 

Girders and framing wa éos sae 130 
Fagades eee oes eee eee ove 160 
Roof, &ec. tab we a aa a 50 
Floors sia re ase bis see 150 
Cast iron eas va eco des 48 
538 


In many ways this building presents novel 
and striking features, and reflects much credit on 
its architect, M. Saulnier. 

The water poweris utilised by three Girard turbines, 
the first of which is adapted for a mean fall of water 
—about 42in.; the second is used when the river is 
very high, and the third when it is very low, and 
with a smaller discharge a fall of from 65 in. to 
70 in. isobtained. The second turbine works upon 
a horizontal shaft, the first and third are vertical, 
and so far as the turbines themselves are concerned 
contain nothing remarkable ; what is special in their 
arrangement is the addition of a large main or 
syphon by which the water is supplied to drive the 
motor, the object being to prevent to a greater 
degree than would be otherwise possible, air from 
entering the turbines. The power of these machines 
varies of course with the state of the water. Each 
of them, however, may be assumed to develop a 
mean of 160 horse power. 

The basement and the first story of the building 
contain the whole of’ the transmission shafting for 
driving the various machines, so that the workshops 
containing them are free from shafts and belting. 
The power developed by the turbines is trans- 
mitted from either one of them by means of vertical 
shafts, which extend from the basement to the first 
story ; on them are mounted wheels, which gear 
into the wheels of the principal shaft running along 
the whole length of the basement, and also into two 
horizontal shafts on the first story. The main shaft 
in the basement drives the mills on the ground floor, 
and one of the two shafts in the first story transmits 
movement either directly or by counter shafting to 
the mills, mixing and grinding machines, &c., which 
are placed on the second floor. They also com. 
mand the sack lift, and the two chain hoists which 
are placed at the ends of the building. At the front 
of the building there is an hydraulic lift, takin 
charges of one ton, and running "hy to the thi 
story a height of about 47 ft. he pumps are 
placed in the basement, and are driven from the 
shafting. 

Within the building and on the various floors there 
are altogether 2} miles of railway laid with a 20-in, 
gauge, and commanding every portion of the 
establishment ; wagons of different forms are em- 

loyed upon these lines, according to the purpose 
for which they are required. By this means all 
necessity for lifting and carrying heavy weights by 
hand is avoided, and the amount of labour is reduced 





to a minimum, 


The Menier factory now turns out about 9000 tons 
of chocolate a year, or 30 tons per day. Practically 
the whole of this enormous production is of the same 

uality—that issued in yellow coloured wrappers. 
very small amount of extra qualities, or classes 
made especially to order, are also manufactured, but 
their amount is quite insignificant, About one- 
eighth of the whole quantity of cacao worked up is 
grown on M. Menier’s estate at Nicaragua; the re- 
maining seven-eighths are purchased in various 
markets, the finest or Caraccas cacao entering 
largely into the mixture, Beet and cane sugar are 
employed, especial care being taken in the selection 
of the qualities. Both cacao and sugar are brought 
to the factory by carts, there being no railway 
station within several miles, and the bulk of the 
products have to be sent out by road also, The 
construction of a branch to the Eastern Railroad is, 
however, under contemplation. 

The two ingredients are deposited in sacks in the 

— on ~~ groand floor of fight wing of we 
actory, sugar after being wei is emptii 
on the floor of aerapronebey on. nd both Pheet 
and cane products are mixed together. They are 
then thrown on a coarse sieve, and the impurities, 
hard lumps, &c., are separated. From this chamber 
the sugar falls into a store beneath, where it is 
thoroughly dried, a steady temperature of about 
100 deg. Fahr. being maintained by means of stoves. 
The cacao, also delivered in sacks in the same depét as 
the sugar, is afterwards d in a store on the first 
floor of the same building. Here are the cleaning 
and separating cylinders, means of which the 
cacao receives a prelimi treatment. The sacks 
are emptied into a hopper, and the beans are raised 
in buckets on an endless chain into long perforated 
and reyolving cylinders. ‘The Caraccas cacao is 
treated separately, and though it contains fewer 
miscellaneous impurities, is associated with consider- 
able quantities of the red earth employed in its 
desiccation. The revolving cylinders are inclined, 
and are divided into two parts, the cacao being 
delivered by the buckets into the highest portion. 
In traversing the first length of the cylinder, the 
dust, ee, small ood im ig beans, pieces of 
wood, &c., are separated, while the remainder passes 
on to be discharged into receivers, and thence into 
a separating cylinder perforated with openings of 
different sizes, Soon which the beans into 
three compartments. After this operation, the 
cacao is again filled into sacks and transferred 
to the hand-picking room. About ninety women 
are occupied in this work, and the sacks of cacao are 
distributed to each worker by means of the lines of 
railway running down the floor, The hand-picking 
is performed with great care, and considerable 
quantities of decayed or damaged beans, stalks, 
&c., are removed, The women are paid by piece- 
work, and earn about 2.50 francs per day of nine 
hours, the working time ban OO eight till six, 
with an hour of leisure at mid-day. The pepinineny 
hand-picking completed, the beans are again p 
in the sacks, and conveyed downstairs to the base- 
ment level, where the processes of torrefaction, break- 
ing, and winnowing are performed. The roasting 
apparatus are eight in number, ranged down the | 
whole length of one side of the room, Each appa- 
ratus consists of a long hearth, containing a coke 
fire, over which revolve two cylinders independent 
of each other. Each cylinder is mounted on a shaft 
carrying a pulley on the end, and the shaft being 
wapparsed by hinged arms the cylinder can be swung 
off or on the fire. One part of the cylinder is 
movable, and a charge of 901b. of cacao is placed 
within it; the cover being sine itis revolved slow] 
for about 45 minutes, but the time varies wi 
circumstances, and the exact period for removing 
the beans has to be carefully seized by the workman. 
When a charge is to be emptied, a receiver on 
wheels is brought under the cyli which has been 
swung out of its place, and the contents are 
discharged into it. The receiver is afterwards 
emptied into a hopper, and here the different 
quasine 6 beans are mixed together. They are 
en raised by means of buckets on an endless 
band into the breaking machine, the chief me. 
chanism of which consists of a double cone, one 
fixed and with a smooth surface, the other revolving 
and studded closely with pins, which break up the 
cacao. After being broken the beans are dressed in 
two revolving screens and fans, by which means 
nearly all the remaining impurities are remoyed 
‘as well as the light shells or husks. After this 
operation the roasted, broken, and mixed beans 
are taken back again to the hand-picking room 
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already mentioned, and 


on to women oc- 
cupying the opposite side of the room, where the first 
hand separation process is being conducted. Herea 
similar operation is performed, but the amount of 
débris is of course much smaller, and a considerable 
part of the waste material consists of bad cacao de- 


tected now for the first time by its colour. This 
stage of the work completed, the beans are removed 
in sacks, and lifted to the top story of the building. 
The sugar is also raised to the same floor, after 
having been perfectly mixed and dried, while the 
hard —— separated by the sifting are ground and 
mixed with the rest. The cacao is placed in diffe- 
rent hoppers ranged along the top floor of the build- 
ing over the river, and the sugar is also placed in a 
hopper about the middle of the room. 
fore describing the subsequent processes we 
may observe that the amount of waste in the cacao 
before it is brought to the present stage varies from 
25 to 28 per cent., and that the quantity of débris 
thus obtained is about 8.5 tons per day. The greater 
portion of this is exported to Ireland, where it is 
manufactured into inferior and cheap chocolate, 
while the portions absolutely useless are employed 
for manure, The various processes for converting 
the broken cacao into chocolate are conducted in the 
factory over the stream. In the second story along 
the centre of the floor are ranged sixteen pairs of 
horizontal stones in two groups of eighteach. These 
mills are driven by the transmission in the story 
beneath, and consist of a fixed lower stone, over 
which runs the second stone, both being enclosed 
neatly in a polished cast-iron casing. The stones 
come from the mill quarries of La Ferté-sous-Jouarre, 
and are dressed at the works in a small shop placed 
at one end of the building. The-mills run in 
circular cast-iron troughs, provided on one side with 
an outflow closed by a valve. Over the centre of 
each trough is a cast-iron tube running up to the 
ceiling and through into the floor above. The lower 
end of the tube serves as a step for the spindle of 
the upper stone, and the brokeu cacao is fed through 
the tube from the upper floor, being discharged 
through an opening at the bottom, whence it passes 
between the two stones. The mill is kept at a tem- 
rature of 122 deg. Fahr. by steam pipes surround- 
ing it, in order to promote the process of reduction. 
The cacao contains from 40 to 60 per cent. of oil, 
and the combined action of grinding and heat 
veduces the material into a semi-fluid, but granulated 
condition. Thus chan the cacao rans into the 
enclosing trough, and is removed through the dis- 
charge opening just mentioned into buckets, and 
placed in the refining machines, of which there are 
twenty, ranged in two rows of ten each along the 





(For Description, see Puge 449.) 











sides of the building, and driven, like the mills, from 
the shafting beneath. These refiners consist essen- 
tially each of three cylinders of granite, mounted 
on horizontal shafts, placed in a cast-iron frame, 
and driven at different speeds by suitable gearing. 
The first of these cylinders revolves at a slow sued, 
the second at a higher rate, and the third ata still 
greater velocity. e chocolate paste is fed into a 
receiver in front of the first cylinder, and is carried 
over, and between it and the other two, the contact 
of the three insuring a complete reduction of the 
material, and removing all traces of granulation. 
At the back of the third cylinder, and in contact with 
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it, is a knife-edged bar, which scrapes the paste off the 


surface and deposits it in a receiver. is bar can 
be taken out of contact with the cylinder, if the 
operator finds that the reduction is not completely 
made, and the process may thus be continued up to 
the desired point. The product from all the 
refiners is thrown into a large mixing trough, con- 
taining a revolving stirrer. The object of this 
process is to insure a completely uniform e, 
and is necessary since the blending of the different 
kinds of beans effected after roasting is some- 
what roughly ormed, and liable to variation, 
and this variation would extend to the finished 
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chocolate, if this operation were not performed. 
At this stage of the manufacture the sugar is added. 
It is lowered through a pipe from the top floor, and 
it as well as the paste are measured off in suitable 
vessels. Both are then emptied into a large cast- 
iron hopper, conducting to a long vertical chamber 
descending through the first story containing the 
shafting, down to the ground floor. The lower end 
of the tube is closed by a sliding valve, controlled by 
alever. Within the tube is a shaft furnished with a 
spiral agitator; it is in fact a pug mill, in their 
— down which the sugar and cacao paste 

come intimately blended, and are discharged 
below in the form of crude chocolate, the sugar, 
however, remaining granulated. Thus transported 
to the ground-floor the paste is treated by a 
series of refining machines, which completes the 
manufacturing process. These machines are similar 
in principle to those on the second story, but they 
are much larger and heavier. There are eleven 
in all of these machines, each of them contain- 
ing fifteen granite rollers, arranged in three groups 
of five cylinders each. The latter are driven at 
varying speeds, and the paste fed in before the 
first roller is delivered into tin pans by the last one, 
as chocolate. An overhead tramway attached to 
the ceiling of the shop is employed for the trans- 
_ of suspended vessels into which the paste is 

charged from the pug mill, and thus they are easily 
conducted to the hopper of any one of the refiners. 
These machines are of large capacity, each of them 
turning out 3 tons of chocolate per day of 22 hours, 
the mill being run continuously except during the 
intervals for meals, 

The whole of the plant we have described is em- 





















































BRICK SHAPING MACHINE. 





WHEEL TOOTH DRESSING MACHINE, 


sear for mgd the uniform quality of choco- 
ate which forms the staple of M. Menier’s manu- 
facture. For the production of special qualities 
two separate and small plants are set apart at each 
end of the shop on the second story. It is similar 
in operation to that already described, but the grind- 
ing mill consists of four coned granite rollers 
mounted on radial arms, and running on a circular 
table, and the refiners are simply stones arranged to 
work in like edge-runners. We omitted to 
mention that a small quantity of vanilla paste made 
up of the ground beans, sugar, and chocolate, is 

ded to the mixture before it passes through the 
pug mill. The factory over the stream, as well as 
most of the other principal shoys, are lighted by 
electricity, ten Gramme machines being employed 
for this purpose. Where this light is not employed 
gas is used ; it is manufactured at present on the 
works, but a separate factory is now in course of 
completion by M. Menier. 

e flat tinned iron pans which receive the choco- 
late paste from the finishing rollers on the ground 
floor, are placed on three staged frames run- 
ning on the railway which traverses the shop, and 
are taken to the lift at one end of the room to be 
lowered into the heated store-room below. The 
lift consists of an endless chain carrying brackets, 
on which the pens are laid. The next process takes 
place in the basement on the left-hand side of the 
central courtyard. The chocolate lowered by the 
lift is removed from the pan, and deposited on 
tables in the storage-room, where it is su mg for 
some hours to a temperature of about 90 deg. Fahr. 
From this place it is taken out in 300 Ib. masses, and 
put through another mixing machine warmed by a 











coil of pipes, and driven at a moderately high speed ; 
this — makes the paste uniformly nage and 
it is then put into the weighing machine. is very 
like a small machine for making compressed bricks. 
It consists of a hopper containing a revolving screw, 
which feeds down the chocolate into rectan 
recesses dis; around a revolving table. ese 
recesses are filled with blocks connected with small 
runners that around an inclined path under- 
neath the table. The quantity of. chocolate fed 
into each mould is weighed by the machine, 
and is then in passing round, compressed, so as to 
fill the mould, the bottom of which, gradually 
rising, lifts the slab of chocolate until, when the 
latter is flush with the surface of the table, it has 
arrived at the point of delivery, and is removed by 
the man in attendance and p. ‘at once a 
mould, the form of which is that in which the 


late is always sold. The moulds are arranged on a 
wooden tray in groups of about thirty, and as soon 
as each tray has been filled with the slabs of choco- 


late it is removed to make place for another, and is 
placed on the machine, which bri the chocolate 
into the semi-circular recesses of the mould. This 
machine is simply a table, to which a small but very 
rapid shaking motion is im in a vertical sense. 
ter about one minute’s vibration the plastic slabs 
are shaken thoroughly into the moulds, the upper 
faces are impressed with the maker’s name, an 
trays are removed into the cooling oo 
are fourteen of these a ents, each about 60 ft. 
long by 13 ft. wide, and having on each side slabs 
or tables of marble or iron; a line of rails runs 
down the centre of each cellar, The moulds con- 
taining the chocolate are deposited on the tables 
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and left to harden for about two hours, after which 
the slabs are shaken from the moulds and bar aor be 
to the packing rooms. A small proportion is broken 
in this o ion, and this is taken back to the heated 
store and softened for remoulding. A constant cir- 
culation of cold water is maintained in pipes beneath 
the marble tables, and air is admitted into the cellars 
which has been previously cooled by —— it 
through water. Two fans are employed for this 
purpose, and the air is delivered at a temperature of 
about 60 deg. Fahr. 

The finished product is loaded into w 
raised by lifts to the upper of the nilding, 
when the wrapping an ing are performed. 
Two hundred women are employed upon this work, 
the operations being those of inclosing each tablet 
in foil and yellow Peper, and of packing these up 
into large parcels. From here they go to an adjoin- 
ing room where they,are placed in boxes made up to 
weights of 601b., 120 lb,, and 2301b. ‘These boxes 
are classified in two groups, either to be despatched 
to Paris by cart, or to be taken to Chelles, the nearest 
railway, for miscellaneous destination. About 10 
tons a day are thus forwarded. Some 60 men are 
employed in the manufacture of boxes, which ia done 
by hand in a slow and costly manner, and a large 
saving might be effected — introduction of good 
box-making machinery. The cost of wrapping up 
the tablets is considerable. Each of the 200 women 
earn on an average three francs a day; about 5 cwt. 
of tin foil divided into 125,000 leaves, are used 
daily, and the cost of printing labels, books, &c., 
averages 40/. a day. 

In this great industry there are 800 papa, i a 
employed—320 women, and 480 men. This number 
will be increased to 1000 when the extensions now 
They refer chiefly to 


ons and 


contemplated are carried out, 


alterations in the box-making department, and in | al 


the establishment of a small — for colouring 
the wrapper paper, and executing all the printing. 
‘These additions will absorb nearly 200 additional 
hands, bringing the number of employés to about a 
thousand. 

We cannot conclude this notice without referring 
to the efforts which M. Menier has made to improve 
the condition of his workpeople. Removed too far 
from Paris to obtain labour, and being located 
amidst a number of small ee of which Noisiel 
is one, M. Menier long since determined upon at- 
tracting at least a large proportion of his hands to 
live near the works. It is only recently that this 
has been carried into effect, but the village of 
Noisiel, which two years ago contained only 200 
inhabitants, has 800 to-day. M. Menier has con- 
structed a workman’s village, containing in all 
60 houses, or 120 dwellings, each house being 
semi-detached, and complete in itself with ample 
garden ground. These houses are aligned on a 
wide road, well drained, and lighted with gas. 
The total outlay on this work has been 40,000/., 
and the rentals collected amount to 720/. a 
year, the rent being 6/. a year. Medical and 
surgical attendance are provided free, and M. 
Menier has established a co-operative store in the 
village for the benefit of the workmen. ‘The schools 
are also important comparatively speaking. Educa- 
tion is provided free to 120 children in the school, 
and to this is attached a kindergarten for 65 others 
of earlier age. 








COAL MINING AT THE PARIS 
EXHIBITION.—No. III. 

Tue Coal Mining Company of Lens, at Lens, in 
the Pas de Calais (general manager M, E. Bollaert, 
engineer.in-chief . E. Reumaux), contribute in 
connexion with the collective exhibit, already re- 
ferred to; 1. A plan in relief of its concessions at 
Lens and Douvrin, the combined area of which is 
17,340 acres, On this plan are shown the shafts, 
workshops, workmens’ dwelli schools, &c., which 
together re t an outlay of more than 800,000/., 
and a production of 725,000 tons (in 1875). 2. 
An atlas of drawings showing the types of the most 
important plant, on the surface and ip the mines. 
8. A longitudinal section of shaft Jo. 6 to a scale 
of one twenty-fifth showing the whole of the appli- 
ances on the surface and beneath, 4. A transverse 
section of the loading stages to a scale of one-tenth. 
5. A plan of the workings of the Dusouich seam, 
showing shafts No. 2, ct a depth of 845 ft.; No. 4, 
depth 833 ft.; No. 3, depth 790 ft, and a level 


wouee in this _— 984 ft. eos the “9 level. 6. 
hotographs of six workings, ateliers, offices, stages, 
workmen's dwellings, churches, and schools. 7. 





of shaft, No.5. .This cage weighs 2.6 tons, 
and can contain eight wagons holding .45 ton each, 
or 3.6 tons in all, The proportion of dead to useful 
weight in this cage does not exceed .72 ton. In re- 
ference to it may be remarked : the mode of suspen- 
sion, the safety ap us with eccentric catches, 
the plate springs, and the special spiral spring, allow- 
ing a longer action to the catches in case of neces- 
sity. §. Draining tank. This tankis employed for 
lifting water from the mine, and possesses the 
following points for notice: the simple and efficient 
arrangement of the inlet valves ; the mode of empty- 
ing and the attachment to the cage. 9. Coal 
wagons. ‘The wagon in wood and iron weighs 
330 Ib., and contains .45 ton of coal. With reference 
to it may be pointed out the arrangement of the 
iron framing, the links and hooks of steel, and 
the axle-box and lubricator. 10. Wooden coal 
trucks. 11. Litter for injured workmen. This 
litter is lowered into the mine and brought up to 
the point where it is requirrd. When raised again 
to the surface it is lifted from the small wheeled 
truck hanging to it, and placed in a frame 
provided with curtains, By this arrangement the 
injured man is conveyed from the place of accident 
to his home or the hospital without being subjected 
to any unnecessary agitation. 12. Permanent way. 
The rails are double-headed, of Bessemer steel, and 
weighing 10 1b. per yard ; they are 2,°, in. high. The 
cross ties are formed of old rail ends, on which iron 
brackets are rivetted. 13. Coal shoots (System 
Reumeaux). The models of these coal shoots are 
made to a scale of one-fifth. No. 1 is intended forload- 
ing wagons direct, and it is so arranged as to prevent 
almost entirely the loss of coal by breakage. No. 2 
provides an easy means of extending coal depits, 
and of emptying the wagons on the . of the heaps 
ready formed. 14. Brake pulleys. These pulleys 
are employed for working inclined planes within 
the mine. The construction is simple and strong, 
and the arrangement of levers such as not to be 
easily deranged. 15. Model ofshaft. This model is 
executed to a scale of one-fifth, and shows a section 
of a shaft, 14 ft. 6 in. in diameter, showing the lining 
and masonry. ‘The masonry is pierced, giving 
access to the chamber for manipulating the cage. 
In the interior of the shaft, the guides, counter 
guides, ladders, staging, &c., are fixed. ‘The cage 
of shaft No.5 contains four wagons of the capacity 
given above, It is provided with lateral safety 
clutches. Throwing the cage in and out of gear is 
effected by a method designed by M. Reumeaux. 
16. Model of the hydraulic machinery for working 
a four-wagon cage, carrying a useful load of 1.8 ton. 
17. Screening apparatus (system Reumeaux), A 
specimen of the travelling table is exhibited, on 
which the coal is placed. This table is formed of 
iron plates attached to three rubber belts, and so 
arranged as to prevent the coal dust from passing 
the table. The whole of the system is shown in the 
longitudinal sections of shafts 3,5, and 6. It appears 
well adapted for its work, and divides the screenings 
into four or five classes, or into a mixture of two or 
three of these sizes. The screening is always per- 
formed under similar conditions, whatever may be 
the kind of work required, and the necessary changes 
of grating are easily made, on account of its small 
length, which, however, is sufficient, because the 
coal is delivered with a very thin feed. This thin 
stream is obtained by the difference of speed of the 
two endless tables, and upon this the essential cha- 
racteristic of the system depends, 

‘The concessions of the mines of Lens and 
Douvrin are chiefly situated in the arrondisse- 
ment of Béthune, in the Pas-de-Calais, near 
the middle of the Pas-de-Calais basin, an ex- 
tension of the northern basin, which again is 
an extension of the coal deposits of Belgium 
and the Ruhr. They include the chief portion of 
the canton of Lens, and extend into the adjacent 
cantens of Chambrin and Verny. ‘The form of the 
concession is that of a rectangle running from north 
to south, and widening a little towards the north. 
At the north-west corner is added the small con- 
cession of Douvrin, recently acquired by the com- 
pany. From the north-west angle to the south-east 
extremity of the concession, the length is 7} miles, 
and the mean width is 4.1 miles. The first decree 
conferring the concession, and dated the 15th of 
January, 1850, defined an area of 15,000 acres. 
subsequent decree of the 27th of August, 1854, 
raised this amount by 172 acres. At the conclusion 
of prospecting works, which were very successful, 
the area of land acquired was in on the 15th 
September, 1862, to 15,597 acres, and finally the 
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Douvrin concession given over to the Lens Com- 
pany on the 5th of , 1875, brought up the 
area to its present extent. Thus develo the 
Lens and Douvrin concessions are limited on the 
north by the Aire and Bassée and the 
Meurchin concession, on the east by the Courriéres 
concession, on the south by that of Liévin, and on 
the west by the Béthune concession, better known 
under the name of Bully-Grenay. It extends over the 
ground of eighteen communes, among which, that 
of ;Lens, has a population of some 10,000. About 
20,000 people are established upon the concession, 
and a great portion of this population is employed 
in the mines, while a considerable number of the 
inhabitants of the surrounding communes, both in 
the Pas-de-Calais and the Nord, are also employed. 
The total number of persons engaged in all 
capacities by the company may be estimated at 
14,000. The combined concessions contain the 
whole series of coals found in the basin, from the 
poorest class giving only 8 per cent. of volatile 
matter, up tothe rich gas coals containing 40 per 
cent. The latter are found chiefly in the seams near 
the south of the concession, the poorest qualities lie 
to the north, and the intermediate ities in the 
middle of the area. The workings y opened 
have brought into service forty-two useful veins, 
varying in thickness from 17 in. to 8 ft.6 in. The 
experience gained both by sounding and sinking 
shafts, of which latter there are six in operation, 
shows that the number of veins is still more ex- 
tended, and tends to prove that none of the seams 
are unworkable, unless over a very small area and 
slight thickness in the north-west extremity of the 
concession. The formation is carried over the whole 
area, combined with water bearing cretaceous strata, 
varying in thickness from 380 ft. to 575 ft. One of the 
principal difficulties attendant on the extraction of 
the coal, is the piercing these water-bearing strata. 
Sometimes this work is executed with an ofdinary 
hand-boring machine, but others of the shafts have 
been sunk only with costly mechanical appliances. 
Asan example we may refer to shaft No, 5 in the 
Souchy Valley, where many springs and several beds 
of loose earth were encountered, where steam power 
to the amount of 1000 horses was required, and the 
quantity of water raised during a long period was 
about 1,800,000 gallons per twenty-four hours. In 
the following Table are given the quantities of coal 
extracted for each year since 1853, as well as a com- 
parison of this account with that extracted from all 
the other mines in the basin of the arrondissement : 











Coal extracted 
Coal extracted 
. from the other 
Year. | from Mines + Percentage. 
at Lens. —< the 
tons tons. 

1853 231 61,668 .87 
1854 19,921 103,327 97 
1855 41,547 162,833 25.51 
1856 68,311 290,762 23.55 
1857 ,000 442,920 17.83 
1858 85,491 511,370 16.71 
1859 85,051 553,693 15.36 
1860 111,830 647,232 17.29 
1861 183,153 907,377 20.12 
1862 210,769 1,135,812 18.40 
18063 240,370 1,026,385 23.42 
1864 262, 1,266,853 22.74 
1865 296,195 1,524,150 23.62 
1866 389, 1,409,167 27.79 
1867 401,344 1,388,933 28.89 
1868 i 1,946,875 22.09 
1869 455,081 1,695,449 26.76 
1870 603, 1,700,277 28.60 
1871 482,018 2,140,039 22.52 
1872 380 2,096,773 27.77 
1873 654,022 2,953,203 21.80 
1874 657,904 2,299,553 28.56 
1875 725,636 2,266,657 31.50 
23 years}; 6,965,657 28,020,305 24.54 














atesey | the year ending the 3lst July, 1876, the 
amount fell to 691,562 tons, or 34,074 tons less than 
the previous year. In consequence of the depres- 
sion in the various metallurgical industries, which 
make the greatest demand upon the mines the pro- 
duction for 1867 is still lower. In 1876 the pro- 
duction was divided among the six shafts of the 
in the manner shown on the next : 
As will be seen from this list, of the six ts 
owned by the company, four are in regular work, one 
is being finished, and the sixth, established under the 
old Douvrin concession, isnow being extended|and the 
workings prospected ; the production still small, is, 
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however, always increasing, and some months hence 
it will probably reach a respectable amount. The data’ 
given further on will show the importance of the 
other shafts. We may mention, however, that 
oints of production furnish to-day 
of the products from the other 


these four 
nearly one-thi 
shafts of the basins, the number of which now in 


work is at least 40. In comparing the figures with 
those given in the Table, it will be seen how 
few of the shafts produce so much as those of 











Lens. 

: a a 33 
Pty - -d 
3 P= Ee 3 S 5 
a s S| 8 F ss 
S wa bd 323 
by he otal "3 
3 ; a ([23) 3 35 
: | BoE] 28 | sve 
7 z Alaz=| &§ ges 

ft. 
1 Saint Elizabeth | 797) 640) 139,428 | 1,810,000 
2 Grand Condé 754) 774) 158,687 | 1,100,000 
3 |SaintAmé _ ...| 977| 644] 149,219 | 4,000,000 
4, Saint Louis ...| 918| 880} 220,605 | 2,000,000 
6 |Douvrin shaft ...| 787] 254) 23,628 | 300,000 




















* Shaft No. 5, opened under the most favourable con- 
ditions, promises well for the future. The prospecting 
already done has — excellent results, but progress has 
been deferred until there is an improvement in trade. 


Without entering into the results obtained by 
the analyses of the coal produced by the Lens 
Company, we may briefly indicate their respective 
values. Classifying them according to the quantities 
of fixed and volatile matters they contain, the 
following results are given, going from north to 
south. 

Shaft No. 6 at Haisnes. At the north of the 
shafts the volatile matters are 8 per cent. and 
the fixed 92 per cent.; at the south of the shaft the 
volatile matters are 15 to 16 per cent., and the 
fixed, 85 to 84 per cent. 

Shaft No,2 at Lens. Volatile matters 26 to 30 
per cent., fixed 70 to 74 per cent. 

Shaft No, 4 at Lens, Volatile matters 28 to 32 
per cent., fixed 72 to 68 per cent. 

Shaft No. 3 at Liévin, Volatile matters 32 to 
40 per cent., fixed 68 to 60 per cent, 

These coals give at the outside from 4.to 6 per 
cent, of cinders, and this amount falls to 1 and eve 
to .5 per cent, in certain seams of shafts Nos. 
and 2. 

To the south of shaft No. 6 and to the north of 
Nos. 1, 2, and 3 important prospecting works are 
in progress, which will result in the establishment 
of new points of extraetion towards the centre 
of the concession, in a zone where the soundings 
from the surface have already struck coal of good 
quality. A series of railway tracks serves the 
shafts 1, 2, 3, and 4, and puts them into com- 
munication not only with each other, but on the 
one hand with the Lens station of the colliery rail- 
ways, worked by the Northern Railway Company, 
and on the other with Vendin-le-Vieil by the Deule 
Canal belonging to the main navigation system of 
Calais, Dunkerque, and Paris. The company is 
about to extend this réseaw as far as shaft No. 6 at 
Haisnes, and to the station of’ Violaisnes, situated 
between Lille and Béthune, on the railway connect- 
ing these two towns, and which is also worked. by 
the Northern Railway. This branch, intended: to 
serve the central shafts of the concession, has a 
length of five miles. It was conceded to the com- 
pany only on the condition that it would undertake 
the transport of general merchandise ; and the same 
condition was imposed between the station of Lens 
and Vendin-le-Vieil. For working this system, the 
company possesses at present seven locomotives 
weighing tom 24 to 28 tons, and a rolling stock of 
300 wagons, 100 of which, weighing 10 tons each, 
are of the same type as those of the Northern Rail- 
way, and run upon the tracks of that company. 
One hundred iron wagons of a special type are em- 
ployed for transporting the coal to the canal doading 
stages. A dock, parallel with the Deule Canal, an 
connected with it, has been made to receive the 
whole of the water-carried coal, Loading is effected 
by means of inclined planes, over which the coal 
falls from the wagon, which is Upped by means of 
the engine hauling the train. By this means the 
loading of a large boat, which previously required a 


connexion with this running shed. The repairs for 
the rolling stock are performed in the central shops. 
The company possesses besides, three carriages, each 
holding 60 persons, and employed for transportin 
workmen from one shaft to another, and for 
service. The repair shop possesses all the tools 
necessary for the various requirements of the shafts 
and mines, as well as for the engines and rolling 
stock, and this not being large enough for the pur. 
pose is about to be extended. 

Near this establishment are the general depdt 
and the central offices. The former always con- 


shaft is supplied. The central bureau contains the 
offices of the chiefs of departments, as well as that, 
of the commercial clerks, Ranged around a central 
court, these offices are connected with the principal 
building, which contains the council-rooms of -the 
administrative committee, and the office of the 
general agent. ‘The central bureau, in spite of the 
enlargements which have been made from time to 
rear ig now insufficient, and is about to be ex- 
tended, 





EXCAVATING SCOOP. 
WE give on page 446 a perspective view, and other en- 
gravings of an excavating scoop made by Messrs. John 
Fowler and Co., of Leeds, and represented by a model at 
their stand at the British Agricultural Machinery annexe 
at the Paris Exhibition. This implement is one origi- 


farmers, but its successful employment for this purpose 
has led to other applications of it, and it is now used for 


d and constructing dams. 


for levelling D eratcas ‘ 
i s an 


The scoop.is_worked by drawi 

forwards between two steam ploughi i 
same way as the implements employed in the double 
engine system of steam ploughing tackle, the engines 


being. pulled backwards and forwards between them. 
The scoop, however, cuts or fills. only in one direction, 
and one of the engines is employed to do this work, the 
other engine being used red for pulling the loaded 
pooep to the point where.it is required to deliver the- 
spo 


The scoop, as shown in Fig. 2, on page 446, is in 


direction of the arrow on the right hand side of the 
figute by the engine whose rope is coupled fo the scoop 
box as shown. , When the scoop is sufficiently full the 
man on the scoop gives the signal to the Sagies-trtees 
to stop pulling and throw his engine out of géar. After 
this is done the si is then given to the opposite 
engineman to start his. engine, but before he does so.the 
sc00 withdraws the stop & from the tipping drum 
h, which allows the latter to revolve. Sosoon as the engine 
exerts its power upon the rope, the drum & revolves and 
also turns the{chain barrels jj, round which are coiled 
the lifting chains n n, which aré coupled to the ‘sides of 
the scoop-box as shown in the tive view. The 
scoop-box is thus caused to turn round its centre }, and 
so soon as the scoopman sees the box ‘sufficiently clear of 
the ground and in position for carrying the spoil away 
he shoots the stop bolt k into one of the notches in the 
rim of the tipping drum and stops the action of the 
latter. 





day's hard work and three men, is filled in less than 





forty minutes, An engine-house has been built at| 
Lens, close to the central shops, to receive daily the 
locomotives in service ; and a repairing shop is in 


tains large stores, from which the depdt of each ue 


being placed one on each headland and the implement |, 


with 
use in case 
places. The contractors are Messrs. Jonés and Jephson. 


Cardiff 

has been settled 

the Town Council ‘to a 
additional has 
is to be a single line through Angel-street. 


Locomorivgs In Russta.~—There are now 410@locomo- i 
tives at work upon the railways of Russia. © ©. © | © 2 vtiid 
—_—_— 


LoNnDON AssOcIATION OF FoREMEN ENGINEERS AND < go octet 


new canal will be ft. in length. 

Birmingham and South Wales—A new fro 
Kidderminster to Bev was opened for ies irc 
on Saturday. » delay has place in the 

journey of passenger cagers fieea Bivwngtee iv ebti eat 
rom 
Mid Wales by-at least ‘two sr the “ round ‘about’ 









ginally designed for making large ponds or reservoirs 
100 yards square and 25 ft. deep, for Australian sheep | Daten nen 


other descriptions of excavating ; work, and particularly | basin, the centre 


engines in the|‘* 


new pit, in which is the seam now struck, is a.continuation 
si- | Of the origina! enterprise, which proved so suvcessful. i 
tion for being filled and. is being ,pulled fecha! 9 in|” i 


Sere caeelih clit stee 
fire will be attached tothe tnits diffe 


Oardiff ‘Traninodiys Batonston. A alupitie Vobrtocn tha 
iff aye Eaten dispute between ‘the 
a 

ill promote 
powers i been 





During the time this is going on (which is. yery:short) sta : ne ae 
the implement has stood still, but. as soon as the tipping Das veers srs at peties af owe the ei : 
drum has been locked and becomes a rigid part of the py aad Messrs. J: Donnelly, J. —% 
frame, the engine pulls the implement in) the direction | Tyes, and T. as. ofdit ‘members... /¥7 eae 4 
of the arrow on the left side: of the engra to} Mr. John Chatto per on ‘A New Stcam 
the requisite place for emptying. When within’ a} erry for the River Th ch.” ‘The plans 
few yards of the required position the scoopman again | for this, as po ‘ » Ol , were of an 
pulls out the stop and the is tipped over the rest of ieee character, an scussi 
the distance ‘it has got to travel to empty itself. The | fo the paper, which opiously ted with 
engineman is now signalled to stop, the box being by this diagrams. It was stated Mr; F. Duckhém that the 
time in an almost vertical position, ‘The engineman who evens oat - Orry: ‘was yer ne 
drives on the filling side is next signalled to go on, and | #on—in : oa Sistghs- vane Selle : y 
when the implement moves back again. empty, the box presided a meeting, y oot 3 
being in a vertical te he pa eg it has fe mi Tue G rte An, tion of the 
posited is evenly spread by the mouth or cutting edge | entrance to the Gippsland Lakes was latel page | 
of the scoop-box. » dof the Victorian ent by Sir John Coode, The 

When the implement is far enough away from .the of the eeatern, portion Victoria, yery ‘much. de- 
place where the spoil has-been deposited, the bolt K.is pendh upon the esta t of a permanent entrarice. 
again withdrayn,, the scoop box allowed to. resume its | Hitherto there pe, oe oe ant contest ‘between 
middle position, the. bolt & ta, and. Shp soap Agate, the wind and the’ ‘on the one ‘side, a ee 
run to the place where it left off work: atthe. previons| Waters on the other, in« which the former” oats 
bout... The bolt is then withdrawn: and tho. box | the best oft, except when the ant peg d 
ig pulled into the position shown in Fig. 2) and is ready | kes. happen to inte lors . b ont commie 
for work as before. In our illustrations o and p are ote inci g stun pcg rsa bet, ibe 
stops, o to prevent the box being tipped too far, we wha only baif. done, and in ity ie pect 
to prevent the box going too far the other way, useless. A report will be furnished by Sir’ John on 
also to regulate the depth of cut. wa Seana his return to England. ts have also been 
useful one for many purposes, and in sui situations ; for an inspection by John of harbour works at 
can perform a very large amount of work. arrnambeol and 5 
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PONSARD’S CONVERTING FURNACE, AT THE 
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Mow. A. Ponsarp shows -at the Paris Exhibition 
a model and drawings of the latest form of his furnace 
for the manufacture of steel, and which has now received 
the title of “ Forno-convertisseur Ponsard.” The arrange- 
ment is shown in the annexed engraving, from which it 
will be seen that it consists of a gas furnace, the circular 
hearth of which, movable and inclined, is furnished on 
one side with a series of tuyeres. When the hearth is so 
=e that the tuyeres are at its lowest » the blast 

le in the bath by means of a blowing engine, 
mt the decarburisation is conducted as in the Bessemer 
Ye As soon as it appears that the decarburisation 
6 sufficient, the hearth is turned half-way round, and the 
lower side on which tuyeres are placed becomes the u per, 
so that the tuyeres are brought above the level of the 
bath, and the metal is removed from the influence of the 
blast, which is then stopped. The metal can then be 
tested, because there is no fear of its cooling, sitice it is 
contained in a temperature at which steel fuses; if the 
test shows that the steel is of good quality, it can be run 
out at once, if not, a little cast or wrought iron is added 
to whether the metal is too hard or too 
soft, or even the hearth may be turned half wa — 
Dean dng tee Api ence ber Dyas It 
be seen from this brief description that the object of 
this arrangement is first to decarburise the metal as in 
the Bessemer system, and then to finish the —— as 
in the Siemens-Martin process, According’ to M. Ponsard 
the advantages of his system are as follows: 

1. As com with the Bessemer process, the possi- 
bility of employing cast-iron of inferior quality, because 
it is possible before admitting the blast to raise the 
teraperature of the bath to that of melted steel, which 
avoids the necessity of the combustible elements required 
is the cast iron used in the Bessemer process in order to 
secure a sufficient final temperature. 

2. The possibility of dissolving in the bath before the 
admission of the blast a much greater quantity of scrap 
and waste than that arising from the transformation of 
the ingots into bars. The amount of scrap may be raised to 
two-thirds of the total charge. 

8. The possibility of making the metal of any Gages 
of softness, since it is easy to heat the bath in a 
ee ae Suet commnatens as to obtain a final 


ci 
‘ihediet 
i 
; 
lie 
= 
1h 
58° 


ting vessel 
Saueseaeh andl c das of Gr wideteg by the addition 
of the scrap. 

5. Great economy in the cost of establichnient for an 
equal reduction. 

As compared with the Siemens-Martin process. M. 
Ponsard claims the ee advantages: 


” operated in less then three hours, while with 
“ Siemens-Martin ess” only three charges in 
Sechinptout hours can be obtained at the outside. 





* 

2. Economy in hand-labour on account of the great 
daily reduction. 

8. The possibility of acting on cast iron alone, or upon 
a mixture containing very little wrought iron. 

4. An economy in the cost of first establishment, be- 
cause each apparatus can produce three times as much, 
and costs no more to construct. 

The model of the ‘Forno-Convertisseur,” exhibited 
by M. Ponsard, at Paris, represents to the scale of Ac 
apparatus for six-ton charges. M. Ponsard also exhibits, 
besides this model, steel produced in er apparatus at the 
works of Messrs. cater and Co., y-le-Chateau, 

Belgium, viz., steel taken from the phe laminated 
steel, steel welded on iron or on itself, specimens bent 
and twisted cold, steel raisl, stecl-headed rails, &c. 

In the drawing of the furnace, the following letters 
refer to the different parts: A, is the gas generator; B, 
the gas conduit leading to the furnace; OC, the hot-air 
channel; D, the revolving hearth; E, the outlet to up- 
take ; F, the dust-chamber ; G, the furnace for heating 
the scrap ; H, the regenerator : K, the carriage carrying 
the revolving furnace; L, the blast conduit passing 
through the centre of the carriage upon which the hearth 
revolves; M, the pipe leading the air to the tuyeres ; N, 
the box "containing a series tuyeres marked 0; P, the 
outlet for the melted steel. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mrpp.iessRovueH, Wednesday. 
The Cleveland Iron — — tee there ne x. 
dopa the sath wee doctiolic inne wehaeions wae 
vanced about 6d. per ton. There was more pare eer. 
* quotations are now as follows: No. 1 


ton, less 1 per cent f.o . ‘A congress having 
been fixed, therein more hope of a permanent pence being 
th po Soon hoagie Piya tativ Sf the 
e m representatives 
great end , there is no doubt that trade 
f » which has been’ prostrate so » will soon 
revive. 

The Make and ; Pepe Cleveland wo Ne Iron.—The 
menibly pitasee of tee Clevdland Toon masters’ Association 

have j Nandan g From theee it that 

of 165 t furnaces there are 95 in 0; . main- 
ing 70 being idle, having been either blown out or dam 
down. year at time there were 159 blast fur- 


en cee eas Ce eeeien, 112 of which were in 


The Finished Iron Trade.—The finished trade continues 


dull. Some of the are employed, 

but the prices are low. 8 plates ore 0m On 
ton, sheets can be t for less 8l., and common 
are 5/. 10s. per ton. Next to nothing is being done 

in the rail 

The North-Eastern Railway Ree Gn Tees 

—lIron Soaeoansenals of dre prgres © ~ — 

the North-Eastern Railway Company, are asking for a 

tariff. A few years the railway com; 
raised thoir ratos on the ground of incrensed i 
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but the company adhere to the traffic rates, which in the 
long depression and keen — 5 press very heavily 
upon the iron manufacturers. It is hoped that the North. 
Railway Company, which is such a powerful 
monopoly, and even in t bad times can pay a dividend 
six per cent., will make some concession to the iron 
trade, pa is the main n spring of its wealth, 


and Gon of the steel screw steamer to which we 
have have previouly cae attention. This steamer, which has 


e order of Messrs. James Watson and Co. 
of of Glasgow — ee villosteoce iron merchant, | is intended. 
for their trade betw outh. 
As a light deaughh of © water ie all tas = Ay is trade, 
this vessel has been ted enti manu- 
eS ee of and thus a 


i 
built with an in keel, 

cuapenere Der Conan of water by about Tim, oo that thie 
although of the same dimensions as the Bull and 
Bear, bails fat the somo rm lak year, will carry 100 tons 
more dead weight at the same Laer My or with the same 
cargo on board draw 1 ft. less water. G. M. B., as she 
was christened by Miss Donaldson, the Soyer of one 

of the owners, is a vessel of 183ft. extreme 
beam, and 14.7 ft. prada gh she is built to 
-—- "at Lloyd’s under bs steal deck and 
teel masts, and ed for the iron trade, 


possibility of — shifting, and at 
the same time facilitating the ae oe discharging of 
pig iron. es, are of 90 horse power 
nominal, have been co: no a by Messrs. J. Richardson 
and Sons, of 1, the boiler os, entirely con- 
a of steel, which material has indeed been applied 
ery possible way. This the first steel vessel 
that 1 ie been built here, considerable interest attaches to 
her, and her owners and ee ee ang ~ ‘wil 
increased capacity at a ght 
more than pan ww | for the cost of the msive 
material of — she is constructed. The G. M. B. will 
be y Captain Smith, at present of the 
8.8. Bear, who ie cue of the oldest ‘and most experienced 
captains of the port 


Tue INsTITUTION OF Crv1L ENGINEERS.—The Council 
and officers of this Institution and of its benevolent fund 
en at er on Sa’ cae at the Albion, 
Aldersgate-street, Mr. Bateman, F.R.SS., Po E., the 
President, and Mr. Joseph Mitchell, and Mr. w. 
Barlow, F.B.S., two = oo —_ = members who. “have 


belonged to the soci 


of about 55 tons in weight has been obtained ; 
been which 
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MANLEY’S STEAM CIRCULATING PUMP, AT THE PARIS EXHIBITION. 
CONSTRUCTED BY MESSRS. GREENWOOD AND BATLEY, ENGINEERS, LEEDS, uk 


Fig.l 































































































WE give, above, engravings of Manley’s steam cir- 
culating pump, which is exhibited at Paris by the con- 
structors, Messrs. Greenwood and Batley, of Leeds. As 
will be seen from our engravings the pump is of the 
rotary class, and it is driven direct by an engine of the 
same type mounted on the same bedplate. The working 
capacity of the pump is stated to be 60,000 gallons per 
hour, raised 40 ft. 

As will be seen from our engraving, the engine and 
pump have each six pistons radiating from the centre of 
revolution, and carried by projecting legs, which work in 
discs or heads attached to each end of the central shaft 
or boss, the inner surface of the heads embracing and 
having contact with the ends of cylinder. The boss is 
slotted to the centre at six different equally distant 
points, and the heads are grooved radially, so that these 
grooves correspond in number, size, and direction to the 
slots in the boss. : x 

The piston legs have slides pivotted to them, which 
travel upon projecting ledges at each end of the cylinder, 
and thus assist in keeping the pistons in contact with the 
inner surface of the cylinder. Fitted to the outer edge 
of each piston is a shoe adapted nicely to a curved cavity 
in the piston, and also to the curvature of the bore of the 
cylinder. Each shoe vibrates at its joints so as to assume 
all of the positions requisite for it to take in a revolution 
of the engine, and it makes a steam-tight joint between 
the varying spaces included between the pistons, An 
adjustable steam valve is fitted on the right hand or 
steam side of the cylinder by means of which the 
expansion of the steam can be varied or allowed to act 
with its full force at starting on the largest effective area 
of piston. 

team is expanded from the small volume in the space 
above that marked A in Fig. 4, to the capacity of the space 
marked B at bottom. From this space it is exhausted, 
and the greatest portion of the work is done by each 
piston in its turn, while passing from right to left at the 
bottom for one-sixth of a revolution. The instant one 
piston is released the work is taken up by the next, and 
the force is consequently continuous and equal, and in 
the same direction through the complete revolution. 

One of the first effects of the entering steam is to act 
upon the inner surface of the shoe, forcing it into contact 
with the surface of the cylinder, and so effectually pack- 
ing the joint between thetwo. The exhaust steam can be 
taken when required into the inlet water of the pump, 
and a vacuum produced in the engine in proportion to 
the height the water is drawn. 

__ A section of the pump is given in Fig. 8, from which 
it will be seen that the passages for the water are amply 
large, while an air vessel is provided above the pump 
cylinder in both the suction and delivery side. The water 
cylinder is lined, and all working parts are made of the 
best gun-metal, while the proportions are throughout 
substantial, and the constructive details well carried 
out. The fact that the pump and engine are self-con- 








tained, and that the arrangement enables a large pumping 
power to be got into a small space, renders the pump 
specially adapted for many purposes. 


COOKE’S TELEPHONIC ALARUM. 

We illustrate below a simple ap tus designed by 
Mr. Conrad W. Cooke, for use in telephonic circuits for 
calling attention at the distant station without the use 
of a signal bell or any special signalling wire, and in which 
the telephone itself is the sounding apparatus. 





The electrical principle upon which the sounds are a 


produced in this instrument is identical with that upon 
which minute sonorous vibrations are magnified into 
much louder sounds in Professor Hughes’s recent inven- 
tion, the microphone. It is founded upon the fact that 





Fra. 1. 


when a voltaic current is either made or broken, or if 
the strength of a continuous current be suddenly altered, 
a click is heard«in a telephone included in the circuit, 
and if the current be made and broken, or if a variation 
of the current occur with some degree of rapidity a note 
or a peculiar screech is heard in the one, 

as the number of impulses per second be or the 
reverse, and this note or screech can be h all over a 
large room and many feet from the telephone. The 
drawing of a pointed wire along a file so arranged as to 
rapidly make and break contact between a battery and a 
telephone produces a vibratory current the latter 
instrument, and a peculiar sound is produced which may 
be heard a long distance from the instrument; and the 
telephonic alarum which is illustrated in Fig. 1 is a me- 
chanical embodiment of and improvement upon that 
method of causing a distant telephone to emit a sound by 
which signals may be transmitted. It consists of a brass 
wheel centred to an upright bracket attached to a stand 
and capable of being rotated in a vertical plane by a 
small winch handle projecting from its face. The edge 


of this wheel, which is about 24 in. in diameter, is milled, 

















rises and falls as 
; and both 
circuit of a battery and telephone a vibratory current is 
produced when the wheel is turned. In order to prevent 
the battery ever being left by mistake in connexion with 


pass beneath it in 


the one line, whereby it would be .running ,to 


ranged that the battery wheel. are. cut.ont of 
circuit altogether unless the button is pressed ae in the 
act of an electric bell, In order to call attention 
at a distant station all that is necessary is to press down 
the button with the left hand, and to give a turn to the 
wheel with the right. ' 

















Fia. 2. 


Fig. 2 is a diagram of the connexions at two stations 
at te ends of a circuit. T is the and A is 


araturn wire. This arrangement is bust 
paratively short lines, such as circuits 
especially for circuits within a , for as both tele- 
phones are included in the circuit of the instru- 
ment, Co sreaniee. oe 0 ee ee 
telephone if everything wa, 
berrtrbedicreong hc la par gb: " 
large to tC) truments, 

bet eit More ky or the orinny Sine 
Se ee a ee transmitted, 

it wi } 

but the 1s is ada i ponety ag meray te 
for long, for in the latter ordinary telegraph bells would 


be — 
le small size cell of Leclanch?’s battery is quite 
sing. 
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sufficient to produce a loud and distinct signal 


ordinary house circuits and up to.a line distance of half. 
a mile, but it is advisable to employ two cells, not only 
greater security, but because the sound being con- 
siderably louder is capable of being heard at a greater 
Two cells of Leclanché’s battery will work this 


for 


distance. 
telephone-cal] well through two miles of wire. 
For that form of Professor Hughes’s microphone which 


is used for the transmission of articulate speech, and | elose 


indeed for use with any form of telephone that requires the 
employment of a battery current, this telephonic alarum 
is especially well adapted, as the samé battery may be 
employed both for signalling Sameer te 

e of the incdnveniences a the ordinary 
signalling apparatus used in telephonic circuits where 
thereis no special bell wire, is the necessity of shunting the 
circait from the signalling to the telephonic instruments 
and vice versd. - When the bell can be sounded the tele- 
phones cannot work, and when the telephones are in circuit 
no call-signal can be sent. This mae J is got over in 
some of the instruments supplied by the Telephone Com- 
pany by the employment of an ingenious self-acting shunt 
attached to the forked support or crutch, in which’ the 
telephone is suspended when notin use. As long as the 
telephone is resting in its place the switch lever is kept 
down by the weight of the telephone, and the bell ap- 

tus is thrown into the circnit,; but when the telephone 
8 lifted from its support the lever is pressed upwards by 
a spring, and in so doing ‘shunts the line wire into con- 
nexion with the telephones. 

This arrangement acts perfectly as long as the in- 
struments are restored. to their places when a communi- 
cation is finished, but if that be omitted, if, for instance, 
the telephone be placed on the table instead of on its 
proper support, there. is no possibility of a signal being 
sent from the other station, for the signalling apparatus is 
cut out of circuit. Itis ed in defence of this draw- 
back, for such it is, that whoever is in charge of the ap- 
paratus is compelled to keep the instruments in their 
proper places, and that it is therefore conducive to 
regularity on the part of those in charge; but in an 
apparatus, the sole object of which is to transmit com- 
munications, we cannot but think that the teaching of 
orderly habits is a very secondary consideration, and 
when this is done at the expense of the failure of the ap- 
paratus it becomes a negative qualification. 

With the telephonic alarum which we have been de- 
scribing, this inconvenience is dispensed with ; for, as the 
telephone itself is the sounding instrument, no shunt is 
required, and the apparatus is always ready for use 
whether for calling attention or for transmitting a 
message. 

This apparatus slightly modified may be used with 
great advantage as a Morse sounder; for, even for long 
distances, it will transmit loud signals with very small 
battery power. If the wheel be kept in rotation either 
by clockwork mechanism, or by some other motor, it is 
only necessary to depress the hey in the ordinary way, 
and the long and short sounds, the dashes and dots, will 
be heard at a’distant station, and in by any one 
accustomed to sound reading. In another form, which is 
applicable for the transmission of simple 


— by one 
beat, two beats, three beats, and so on, the key or push | ing 


is dispensed with, and signals are transmitted 
number of revolutions given to the wheel. In this case a 
small portion of the circumference of the wheel is cut 
away, and is replaced by an arc of ebonite or other in- 
sulating material, against which the spring rests when 
the instrument is not in use, and which is placed in such 
a position with respect to the winch handle that the 
weight of the latter causes the wheel to stop with the 
insulating portion of its circumference against the spring 
whenever the instrument is left to itself. 


The receiving telephone by which the signal sounds fe 


are emitted should be supported in such a position that 
its mouth is directed towards the room, and the sound 
in any one direction is considerably increased and rein- 
forced by attaching to its support a conical trumpet of 
paper or tin, the small end of which should enter the 
mouthpiece of the telephone. 

The telephonic alarum which we have been describing 
is, with its modifications, being introduced by Mr. Edward 
Paterson, of Bedford-court. 





NOTES FROM THE NORTH. 
- GLABGOW, Wednesday, 
Glasgow Pig-Tron Market. —The pig-iron warrant 
twas firm last’'Thursday, and price: eo 8 
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increasing strength of the market during the past few days 
may be said to be due in a large measure to the improved 
pros of the pacific solution of the Eastern Question. A 
ries of the business that has been done during the past 
week or so has been for investment, as the low prices that 
have prevailed have been sufficient to induce capitalists to buy 

largely. If political confidence should, happily, 
be restored by the forthcoming congress, is every 
probability of the iron trade undergoing a rapid improve- 
ment. Shipping iron has been in rather better demand, 
and in the case of one or two brands there has been a slight 
advance in price; but the improved demand is due rather 
to anticipated requirements than to immediate wants. 
Last week’s shipments amounted to 7362 tons, as inst 
8237 tons in the corresponding week of last year. There 
are still 91 blast furnaces in actual operation, as com 
with 111 at the same time last year. Messrs. Co and 
Co. had in stock last Friday night 175,427 tons of pig iron, 
with warrants in circulation for 162,000 tons. 

Bridge over the Dee at Aberdeen.—The work of sinking 
the cast-iron caissons at the new Torry Bridge Works, 
ey es - spanned. ame cylinders are each 
6 ft. in height ms in weight. They are being cast 
by Messrs. Blaikie Brothers, Footdee, and sixty of them 
will be required. 

The Royal Society of Edinburgh.—The thirteenth ordi- 

meeting of the current session of the Royal Society 
took on ney. “wy ty under the presidency of Mr. 
David Stevenson, C.H. A number of interesting papers 
were read to a full meeting of the i The two com- 
munications first submitted were by Mr. 


and Mr. James Blyth, M.A., the 


phonograph, and microphone, might yet be us 
ter a te goed ends. Professor Jenkin made a 
farther ion to the Society of the results of the 
i ing i to “ The wave 
e said, they had 
forms that were uced 
il, and of these they had 
subdivided them into their 
‘had not yet conducted their 
a confident opinion 
U. Professor Tait 
conductivity of 


upon 
harmonic constituents. 
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The Sesnbe Question the Rivers Pollution Pre-| warped 
vention Act.—At the monthly poate of the Clyde 


Trust held yesterday, the minutes submi showed that 
the Committee Bills 


yt 
enter in 

the Clyd bes wee 2 
taken with that view 


- | It was reported that the opinion of counsel was to 





should, in conjunction with the city and other local au- 
thorities, apply for a suspension of the powers of the - 
Rivers Pollution Prevention Act for a limited period, while 
they endeavour [to agree on a joint scheme for which 
i tary powers may be asked in the next or some 
early session of {Parliament. In the meantime the con- 
sideration of the report is delayed. 
Renfrew Harbour Trust.—At the ordinary monthl 
wy of = body, wl last night, it was s siated 
a m appointed at a previous meeting m 
with t Caledonian Rail 


the iojoot of the sity odation ange zh 
sul railway accomm ion of the burg’ 
with special to the proposed formation of a 


reference 
harbour. The members of the deputation, it was men- 
tioned, had been received in a very kindly manner by the 
railway directors, who, after listening attentively to the 
statements adduced, had requested that Mr. Kinniple’s 
plans for the proposed harbour should be left with them, 
and promised a reply to the overtures as soon as “a 
en 
on the burgh’s claim in connexion with the harbour against 
the Glasgow and South-Western Railway Company, for a 
sum — Mr. Simons estimated at something like 70001. 
or 80001. 


New Dock Works at Leven.—In connexion with the new 
dock works at! Leven, in Fifeshire, it may be mentioned 
that water was allowed to flow into the cutting by the 
new river wall a few days ago. It is expected that the 
Leven will be flowing freely through the new channel in 
the course of a week or two. iderable progress has 
also been made at other parts of the works on both banks 
of the river. 

Opening of the Tay Bridge.—On Friday last the Tay 
Bri ge, together with its connecting railways in Fifeshire 
Sedtting tes was Soa, opened for — and as was 

i completion of a very important engineerin 
work, the event was celebrated on a somewhat gran 
scale. In order to give as much éclat as possible to the 
opening ceremonies, — to be an sent 
to railway magnates an — officers 0’ ilways 
throughout the whole of Great Britain, to mang dis- 
tinguished Scottish noblemen, and members of Parlia- 
ment, to the —_ senior magistrates, and town clerks 
of almost all towns in Scotland, and to many other in- 
Euisborgh ce Britny morning in (ine to lenve the olty be 

on Friday mo: in time to leave the city by 
special train at their disposal by the directors of 
the North British Railway Company, and which s 
shortly before 10 o’clock. On arriving at Granton they 
found the paddle-steamer John Stirling in waiting to con- 
vey them across the Firth to Burntisland. At that port 
another special train was ready to receive the company;; 


and after i Sop epee) Sens ae 
a ig oy ifeshire, the train 


tention of also f ceremony of the day. The 
t®o trains were j , and ran oyer the bridge. 
As the train arrived at north end of the it was 
received with the collective applause of many t 

of collected on the een, and on the 
Es , and the approaches to the Bridge Station. 
The ceremony of declaring the Tay Bridge open was per- 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Wood Paving.—Notwithstanding the im ts 

which have been made in the method of laying down wood 

for street ailures continue to be icled. 


Company, of . i 
stated that this company are d the work at their own 
cost, ‘‘ merely for their own sati ion, and to retain their 
credit for the durability of their patent pavement.”’ 
Bradford Architects.—The plans which have 
erection of public markets in the city 
. Lockwood and Ma 


es Se eae 

; newly- ‘our are 
shready extinct. Tt is belteved that whilst the men favour 
unionistic views, they are 

main’ 

cae expaqued de 
ou em 
half-time. a o 


joined 
were 
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INSTITUTION OF MECHANICAL ENGINEERS.— Paris Meeting, 1878. 
— Tuesday llth June. 9 a.ni. Meeting in the Lecture Theatre of 
the Conservatoire des Arts et Métiers, 292, Rue Saint-Martin. 
Members’ tickets to be shown, with the counterpart already signed, 
= hegre: ary vest to be oS up atthe et the pied. 
where programme of ex ions, &c., sup = 
Ww 12th June. 9 a.m, Meeting at the Conservatoire. 
Afternoon excursion to the Drainage Works of the Paris 
Municipality, by invitation of the engineer-in-chief. 8 p.m, Dinner 
at the Grand Hotel. Tickets, 21. 2s. each, may be obtained from 
the pretty on remitting the amount, Evening dress.— 
Thursday, 1 June. 9 a.m. Meeting at the Conservatoire. 
Afternoon excursion to the State Tobacco Manufactory. 8 p.m. 
Conversazione at the Conservatoire des, Arts et 
invitation of the director and professors. — Friday, 14th June. 
Excursion to Noisiel, by train and s | steamer on the Marne; 
visit to M. Menier's late Works and Industrial Establish- 
ments.—Saturday, 15th June, Excursion by special train to the 
works of the Chemin de Fer du Nord at Creil. Papers: Address 
by the President ; ‘‘ Further Researches on the Flow of Solids,” 
by M. Henri Tresca, President of the Société des Ingénieurs 

vils; “On the Hydraulic Machinery at Toulon by M, 
Mare Berrier Fontaine, of Toulon; “On Mechanical tion upon 
Tramways,” by M. Anatole Mallet, of Paris; “On the Greindl and 
other Rotary et by M. L,§Poillon, of Paris; “On the Vapart 
Disintegrator,” b Prosper Closson, of Paris; “On Oompound 
th Correy's Variable Expansion Gear,” by Mr. 
Thomas Powell, of Rouen ; “On the Effect of Brakes upon Railway 
Trains,” by Captain Douglas Galton, C.B., F.B.S., of London; 
= — by Means of Electricity,” by M. Hippolyte Fontaine, 
oO! " 

THE PHYSICAL SoctsTy.—Saturday, June 8, at bt oa “The 
Microphone,” by Professor Hughes.” “The Electri 
of Lead Chloride,” by Professer Ayrton. * Re- 
flection of Polarised Light,” by Sir J. Conroy, Bart. 
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THE LOSS OF THE “GROSSER 
KURFURST.” 
_ THE recent collision between the two German 
ironclads, Konig Wilhelm and Grosser Kurfiirst, 
leading to the loss of the latter vessel and the dis- 
ablement of the former, has created in this country 
nearly as much interest as if the vessels in question 
had belonged to our own Navy. ‘The fact of the 
accident occurring off our own shores, within sight 
of many Englishmen who were the squad- 
ron ing down Channel, has do tended 
to increase the public interest in the matter; but 
quite apart from this, there is an attraction about 
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all that pertains to war ships, and ially iron- 
clads, that alwayscommandsattention in this country. 
The facts of the case appear to be'as simple as pos- 
sible, and to be undisputed. The three powerful 
ironclads, Konig Wilhelm, Grosser Kurfiirst, and 
Preussen, were steaming down Channel about three 
miles off the land, between Folkestone and Sandgate, 
on Friday morning, the 31st May, in perfectly smooth 
water, and broad daylight. The two former vessels 
were nearly abreast, the Grosser Kurfiirst being on 
the starboard or landside of the Konig Wilhelm, while 
the third ship, the Preussén, was following in the 
wake of the latter, and may be left out of account 
as not directly affecting the catastrophe. 

While the two leading ships were steaming nearly 
abreast at a speed of about nine knots, and it is 
stated at about 600 ft. apart, they perceived two 
sailing ships making out from the land across their 
bows, By the rule of the road steamers have to 
keep clear of sailing ships, and the Grosser Kur- 
fiirst appears to have ported her helm, thus bearing 
towards the: land to under the stern of the 
merchant ships. The Konig Wilhelm, however, at 
first tried to pass outside the sailing ships, across 
their bows, and then changing the helm when this 
appeared impracticable, came round with her bows 
towards the Grosser Kurfiirst. Had the two ships 
been quite abreast when they began to move out of 
their course they might have cleared one another. 
As it was the Grosser Kurfiirst was somewhat 
a of the other, = ae ra prema or on 

oard the flag-ship Konig to 
two effects which contributed tow the dantien, 
First, it enabled the Grosser Kurfiirst to get 
up to the flag-ship; and, in the next place, the 
latter had to turn round more sharply to clear the 
sailing ships than she would have to do if she 
had ported her helm at the same time as the other 
vessel instead of starboarding at first and then port- 
ing. At the time when the flag-shi her 
mind, and had to port her helm to clear the sailing 
ships, a collision with the sailing ships or 
her consort had probably become inevitable, 
except with the aid of the most bold and skilful 
seamanship on board the flag-ship. Having cleared 
the merchantmen, and while bearing down on the 
Grosser Kurfiirst, the most natural impulse would 
be to reverse the engines, but as Professor Osborne 
Reynolds pointed out in Thursday's Zimes this was 
—_ the worst thing that could have been done, 
versing the engines could not immediately affect 
the speed of the ship, but it would immediately 
destroy the-power of the rudder. The speed of the 
ship, kept up for a time by her momentum, would 
ea @ pressure on the fore side of the rudder, 
while reversing the engines would draw back pressure 
upon it, and the effect would be to make the rudder 
either inoperative or at least uncertain in its action, 
the whole depending not only upon the speed of the 
vessel and the back power. of the engines, but the 
time. they have been reversed. The very act of 
reversing the engines in fact destroys the currents 
and stream lines, and for a time makes everything a 
whirl around the rudder. ae that by 
keeping the engines full speed and putting the 
helm hard tostarboard, or even — hard a te 
the ram bow of the -ship might have been kept 
clear of the Grosser Kurfirst, although the two 
vessels would doubtless have swung together in a 
more nearly parallel direction. Of course the whole 
thing would depend upon direction and distance, 
and as we have before said, the catastrophe might 
have become inevitable from the moment the Konig 
Wilhelm had to put her helm hard to port to clear 
the merchantmen. It has been pointed out that the 
Grosser Kurfiirst in putting her helm hard to port 
at the last moment to get parallel with the Konig 
Wilhelm only aggravated the blow by swinging her 
stern round towards the bow of the latter. This is 
doubtless so, but it might have been otherwise had 
the Konig Wilhelm retained the power of her helm 
inotteldcall destnenlate it by ao engines, as 
she might in a corresponding way have swung her 
bow away from the other ship. 

The moral has universally been drawn by the 
press of this country that the two ships were 
throughout in dangerous ae and that they 
should at least have been double the distance apart 
as required by our own regulations. It is not un- 
likely that the German officers lacked experience in 
handling such huge monsters. We are not sure 
that our own naval officers, as a rule, understand the 
handling of heavy ironclads under steam so well as 





they might and ought to do, and certainly if we} easy 





were to accept the statement of Captain und 
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Hy, Verney, R.N.,:in the Zimes of Thursday, we 
should have to conclude they were woefully defi- 
cient in this, the most momentous part of th: ir duty. 
Who can wonder at the German naval officers being 
unable to — theirironclads sinking one another 
if the following is a correct description of the 
command our own officers have over their ships, 
written as it is by one of themselves? ‘An iron- 
clad is a clumsy dead mass made to float by brute 
force, that is, by a perfectly flat bottom giving 
“eee displacement below water. Given a flat- 

ttomed ironclad with twin screws, being forced 
——_ the water at the rate of ten knots, you may 
put the helm which ‘way you like, and work the 
engines as you please, and after all you cannot tell 
with certainty where she will go to, or where she 
will stop. With her great beam, flat: bottom, and 
small keel, she has but little ‘bite’ on the water; 
the helm will, perhaps, rapidly change the direction 
of the ship’s bows, but her enormous momentum still 
carries herjon in the ne direction, or worse still, 
the helm, screw, winds, and waves drive her in 
some unforeseen direction, as the result of the com- 
bined action of these complicated forces.” 

We will not of course put the flower of our naval 
captains in the same category as Captain Verney— 
who by the lines quoted certainly does not prove 
his own fitness to command an ironclad—because 
we believe they do know when they put the helm 
over where the vessel will go to. Nevertheless the 
letter in question so fully embodies many of the 
worst prejudices of the old “ salts” that a few words 
on the subject may not be out of place. 

It is often assumed that a modern ironclad is a 
more complicated machine to handle, because of her 

ter weight and length; than smaller steamers. 
is is only true in a certain sense. If it is meant 
that the small vesselcan be taken into places, or can 
be made to do certain things in confined waters that 
the large vessel cannot do, we of course at once admit 
the assertion. Certain , ae that fare possible 
to the small ship are ay to the large one. 
But we conceive that the per handling of a 
ship, whether large or , is to find out what 
movements are possible to her, 'to acquire the skill 
of nas her perform those movements or evolu- 
tions with unerring hand, and to have er ne pe 
never to allow her to get into such a position that, 
knowing what she can do, or at any rate what you 
can do with her, there will be any doubt as to her 
extrication. 

The forces which act on a steamer are more 
tonrtiert uniform ~ a amount Sree 

can possibly be in a sailing ship, and i 
the officer takes as much pains and pride in studyi 
them, as he usually does in the g and handli 
of the sails, he ought to be more certain in his course, 
We have seen single-screw steamers turn completely 
round, and not slowly either, in little more than 
their own length, and we have naval officers who 
would make any ironclad in the fleet do the same 
thing, but itis only after having carefully studied 
the effect on the rudder produced by alternate 
movements of the screw ahead and astern, combined 
with different degrees of headway and Oe a 
Of course if the vessel is under way to start wi 
the turning cannot be done without room, and the 
chief ak always to have in mind, one would 
think, with an ironclad as with any other vessel 
under way, is to anticipate in time the possible turns 
that may have to be made, and to exercise the 
judgment as to whether there is room to make them, 
and if not to alter the speed or change the state of 
affairs until this condition is f This was 
evidently not so on board the German ships. They 
were so close together that, although the weather was 
een Hen and the sea calm, the ships collided, 
and ps nothing but the smartest rem 
could have kept them apart after they commen 
turning to clear the m tmen, This seamanship, 
however, as the event ed, was not forthcoming, 
and the inference is course that the ships were 
too close for the skill of those in charge. It will be 
for the German Government to determine whether 
the supreme error was in the disposition of the 
vessels, or whether, being as they were before they 
were intercepted by the sailing , it was manifest 
incapacity in handling them that led to the accident, 


It is difficult to lay down a hard and fast line for. 


the distance of ships steaming in columns, for the 
obvious reason that it is difficult to determine the or- 
dinary limits of incapacity of the officers who might 
on a particular crisis be in c of the deck, is 
to rush to extremes either one way or the 
other. If we keep too open order in time of peace 
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we might find our officers embarrassed in the com- 
plications of a naval action when close quarters and 

may become the order of the day. On the 
other hand, we cannot afford to risk hes in 
broad daylight and fine weather such as has oc- 
curred to the German vessels. Above all, we must 
keep our ironclads in the hands of men who will 
study them and manwavre them in view of the 
hard facts of what can or cannot really be done with 
them, instead of in the hands of men who—like Ca 
tain Verney—pretend they are unmanageable, while 
talking nonsense about being in pathy with the 
old calling line-of-battle ships, and knowing by her 
keel and by her movements “exactly what she 
was doing, how she was behaving, and where she 
was going, even when he was below in his cabin.” 
We have nots this week to dwell upon the 
effect of the collision on the two vessels and the 
lessons it teaches as to the construction of ram 
bows and the means used for minimising the effect 
of the blow of a ram on the vessel struck. 








WATER SUPPLY AND SEWAGE 
DISPOSAL. 

Ar the end of last month, two conferences were 
held under the auspices of the Society of Arts, at 
their rooms in the Adelphi, The first was for the 
discussion of the water supply, as suggested ina 
letter of H.R.H. the Prince of Wales, addressed 
to. the Council some time ago, in which it was 
pointed out that . ee methods of supplying 
water throughout the United Kingdon, both in 
regard to quality and quantity, had now become a 
question of national interest and necessity. The 
conference on the Health and Sewage of Towns 
was the third of a series, commenced in May, 1876. 
We do not at present propose to enter into details of 
the proceedings of these conferences, except so far 
as we may give some idea of their scope, and result. 

In the first place, it may be stated that the Prince 
has set an excellent example at his estate at Sand- 
ringham, Here, the means of supply of water is of 
the best kind and admirably carried out, the latest 
improvements, in an engineering and sanitary point 
of view, having been adopted. At the water con- 
ference, the Council of the Society of Arts circulated 
a phlet containing papers contributed by some 
of our most eminet engineers. These became the 
subjeet of discussion. In to the London 
water supply, Professor Frankland contributed 
some interesting facts dealing with the water of the 
Thames basin; which he considered sufficient for 
London for many years to come. But he pointed 
out the necessity of practising economy in distin- 
guishing yoy water from water for other 

ur ; he had, after careful consideration, come 
to the conclusion that there ought to be two sup- 
plies, but he did not favour the notion of two classes 
of water being introduced into houses. He recom- 
mended, to prevent waste, that the supply should 
be made by meter, After extended discussions on 
the questions of national and local supply, it was 
resolved that ‘“ the conference desires to urge upon 
Her Majesty’s Government the importance of taking 
steps, with the least possible delay, by means of a 
small ent commission, to investigate and 
collect, for the information of the public, the facts 
connected with the water supply in the various 
districts of the Kingdom, in order to facilitate the 
utilisation of the national sources of supply for the 
benefit of the country as a whole.” 

The resolution is excellent in its way, but we 
really cannot see what additional information is to 
be obtained by appointing a fresh commission. The 
Duke of Richinond’'s commissions of some years ago, 
and the last report of the Rivers Pollution Com- 
missioners, togther with the local knowledge 
by borough engineers, and others, already afford 
ample details of every phase of the water question. 
Beside, there have been numerous and ustive 
works by engineers and others, published within 
the last two or three years, which give so much 
important and practical detail of the whole question 
that a new commission, temporary or permanent, 
would be of little use, and would certainly delay the 
settlement of the water question for years to come. 
Every local board or ion would plead, to 
the Court of Chancery, for time, until the report of 
such a commission was issued; following the old 

erb of aide toi, &c,, seems a far better course 
or the authorities of the districts to follow. We 
want no more principles, but rather actual and 


immediate tice, availing ourselves of the sources 
already at oat. 


At the conference on the ‘‘ Health and Sewage of 
Towns” seven separate heads were given for dis- 
cussion, founded on papers; and statistics were 
furnished in a pamphlet supplied for the meeting 
by the Council, and collected from authoritative 
sources. The discussion of these was of the most 
desultory character, and taxed the patience of Sir 
H. Cole and the Right Hon. Mr. Stansfeld, who 


ively occupied the chair. Scarcely a speaker 
n> nee himself to the question at the moment 
before the meeting, and, consequently, at least one- 
half the time was wasted. Practically the entire dis- 
cussion — eee ey a of the oe 
carriage, the and pail, and the dry systems, but 
we heard a net new phase of these subjects elimi- 
nated by their advocates. The discussion for the 
two days was, in fact, mostly a general skirmishing 
between each party, involving at times personalities 
that had to be severely rebuked. This is much to 
be regretted, as not only derogatory to authorities 
whether scientific or corporate, but as also tending 
indefinitely to delay progress. It was somewhat 
remarkable that not one person spoke in defence of 
the leading precipitation processes, that have been 
before the public for the last few years, a fact which 
is rather ominous as to their past success. Mr. H. 
Rawlinson, C.E., made some judicious remarks in 
respect to the ill effects of discharging sewage into 
the sea, and Mr. Denton, Jun., gave a description 
of the progress of the intermittent filtration system. 
It was due, however, to the business-like and 
common-sense remarks of Mr. Cresswell, that the 
conference came to a practical result. He com- 
plained much of the Local Government Board as 
obstructives. Mr. Stansfeld defended it, and 
showed the difficulties the Board had to contend 
with. Eventually, a resolution proposed by Mr. 
Alcock, of Sunderland, in reference to improved 
and effectual methods of connecting house drains 
with sewers, imposing the duty of inspecting and 
enforcing such proper connexions on the local and 
sanitary authorities (with additional powers), was 
carried. Mr. Cresswell moved a final resolution, 
seconded by Captain Galton, to the effect ‘‘ That 
this conference desires to record its opinion that 
further legislation is needed, especially with regard 
to the constitution of county , with a view 
to decentralisation, and authorises the President, in 
conjunction with the Council of this Society, to be 
the exponent of his views on the subject, and lay 
this matter before the Government in such manner 
as they may deem fit and expedient.” With the 
passing of this resolution, unanimously, the busi- 
ness of the conference was ended, 

Such isa brief outline of the proceedings and 
results of the two conferences. e local autho- 
rities have been placed under a debt of gratitude to 
the Soviety of Arts for their collection of facts, &c., 
referring to sani questions, and the opportunity 
that has thus been afforded for discussing them. 
But we are inclined to the opinion that if, at future 
conferences, formal resolutions were pre by 
the Council, and these were moved and seconded by 
competent persons, and subsequently discussed 
under the strict discipline of the chairman, much 
more good would t than that hitherto attained. 
It would prevent ignorant, prejudiced, and discur- 
sive remarks, the business before the meeting would 
be definitely known, and a guerilla warfare be re- 
strained within the limits of proper discussion, We 
propose shortly to draw attention in detail to some 
of the most important papers that were con- 
tributed at each conference. 





THE INSTITUTION SOIREE. 

On Monday evening last Mr. J. F. Bateman, 
C.E., F.R.S., the President of the Institution of 
Civil Engineers, gave in the galleries of the India 
Museum at South Kensington the annual con- 
versazione to the members of the Institution and a 
select company of guests invited by the President 
~~ eee The visitors numbered nearly a thou- 
sand. 

The President was aes in his duties by Sir 
John Hawkshaw, F.R.S., Mr. Gregory, C.M.G., 
Mr, Hawksley, and Mr. Harrison, Past Presidents ; 
Mr. Barlow, F.R.S., and Mr. Abernethy, Vice- 
Presidents; Mr. Edward Woods, Dr. Siemens, 
F.R.S., Mr. Bramwell, F.R.S,, Mr. Baker, Mr. 
Lyster, and Colonel Hyde, R.E., Members of 
Council; with Mr. Manby, F.R.S., Honorary 
Secre ; and the Secretary of the Institute, Mr. 
James Forrest. 








Besides the fine examples illustrative of the art 








and industry of our Indian Em which form the 
permanent collections in the Indian Museum, there 
was collected a number of interesting objects chiefly 
illustrating some of the more recent applications of 
electricity to practical a 

The most interesting and important and certainly 
the most attractive — shown on Monday night 
was the illumination of the gardens of the Horticul- 
tural Society and adjacent buildings, by the electric 
light produced by Siemens’ dynamo-electric ma- 
chines, which have been described in previous 
articles in this journal. The machines and engine 
were placed in the ground lying to the east of the 
gardens and between them and the Exhibition-road, 
and the lamps were fixed one at each end of the 
terrace above the eastern corridor overlooking the 
Horticultural Gardens, being connected to the 
machines by conducting cables. The effect of the 
pure white illumination by the electric light was 
very beautiful; it must have struck everybody that 
the green of the grass and foliage brought out under 
its rays was exceptionally pure and brilliant, testifying 
to the fact, still more conclusively shown by a com- 
parison of the solar and electric spectra, that the elec- 
tric light is far purer and a more perfect white than 
even the sun itself. In the solarspectrum there are 
thousands of black lines which are not found in the 
spectrum of the electric arc, and each of these black 
lines represents a definite colour in the electric 
light, which is wanting in the light of the sun. 
From these considerations, therefore, if among the 
objects shone upon there be some whose physical 
properties cause them to reflect those colours which 
are represented by dark lines peculiar to the 
spectrum of the sun, it follows that they would 
appear more brilliant in colour when illuminated by 

ectric than by solar light ; and as in that part of 
the spectrum whose range of refrangibility constitutes 
the green rays, thereis a very large percentage of black 
lines not to be seen in the electrical spectrum, the ex- 
ceptional brilliancy of the foliage on Monday night 
may easily be accounted for. But another cause is also 
present. We noticed that in order to increase the 
conductivity of the carbon “ wicks” their surfaces 
had been coated by the electro-plate process with a 
thin film of metallic copper, and this becoming 
volatilised as the carbons were consumed, would 
throw a large proportion of green rays into the 
electric arc, anh so would help to bring out the 
colour of green objects with greater brilliancy ; but 
inasmuch as reds and colours belonging to the red 
end of the spectrum were not destroyed in the pro- 
portion that the greens were enhanced, we are in- 
clined to attribute the phenomenon chiefly to the 
cause first mentioned. 

Dr. C. W. Siemens exhibited also another appli- 
cation of the dynamo-electric machine, namely, the 
transmission of mechanical power to a distance by 
means of electricity. It is well known that any 
dynamo or magneto electric machine is perfectly 
reversible, and becomes an electro-magnetic engine 
when it is coupled to another dynamo machine or 
other source of electricity, and in that case it is 
driven in the reverse direction to that in which it 
would be turned if used as an electro-motor itself. 
On the occasion to which we refer one of the 
smallest size Siemens machines was placed in 
circuit with a large machine through a long con- 
ducting cable; and connected by belting to the 
smaller machine, on which was a small Appold 
centrifugal pump. Upon placing the small Siemens 
machine in circuit, it started off at full speed, lifting 
water from a tank to a height of 10 ft., absorbing an 
indicated horse power of 3.75. One of the most in- 
teresting experiments with this machine was suddenly 
to throw it into circuit, when it started off instantly at 
full speed, apparently taking no time whatever to get 
up its velocity ; the moment the wire touched the ter- 
minal, it ran away, notwithstanding the work put 
upon it by the pump. We understand that Major 
Festing, in the conservatory of the Horticultural 
Society, exhibited also the electric light, which, too, 
was produced by a Siemens machine. : 

In a shed leading out of one of the lower galleries, 
and which is honoured by the name of the Queens- 
land Annexe, there were shown several objects 
which have during the last few months excited con- 
siderable public interest. The Telephone Com- 
pany exhibited a fine collection of telephones and 
apparatus employed therewith, and conversation be- - 
tween one end of the room and the other was carried 
on by the visitors with such success as in in 
the great noise in the room would it. Mr. W. 
H. iow, C.E., F.R.S., showed his interest- 
ing logograph, by which the sonorous vibrations 
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constituting articulate speech are graphically re- 
corded upon a strip of paper in the form of an 
undulating line drawn in ink. It consists of a 
mouthpiece and funnel-shaped tube, which is closed 
at its farther Seep cs fd a membrane about. 24 in. 
in diameter of thin india-rubber, such as is employed 
in the manufacture of toy balloons and air-balls to 
the centre of this membrane is attached a stile 
carrying a fine camel's hair pencil, moistened with 
ink, and which partakes of all the motions of the 
diaphragm with which it is connected, and draws 
a curve, corresponding to the vibrations of the 
membrane, upon a strip of paper drawn under it ata 
uniform speed by a Morse feeder. The curves so 
produced are very characteristic, and show great 
distinctions between vowel and consonant sounds, 
and between one vowel soundand another. We gave 
a description of this instrument about three months 

0.* 

On the same table, and side by side with Mr. 
Barlow’s instrument, Mr. Ladd exhibited Dr. Byrne’s 
compound plate voltaic battery, which was figured 
and described in our lastissue.t In this battery the 
negative plate is composed of laminz of platinum, 
ead, and copper soldered together, and the current 

8s greatly increased by pumping air into the solution, 
by which fresh acid is brought into contact with the 
plates, and bubbles of adherent gas are removed by 
the mechanical agitation produced by the injection 
of air. The extraordinary powers of this little 
battery have excited considerable interest wherever 
it has been exhibited, 

Mr. Henry Edmunds, Jun., who has introduced Dr. 
Byrne’s battery into this country, exhibited his very 
beautiful phonoscope, by which the sonorous vibra- 
tions constituting different notes and sounds may be 
made apparent to the eye by the appearance of a lumi- 
nous figure produced by a Gassiot star. In this 
instrument, which has been described in these 
columns,{ the membrane of a Reis transmitting 
telephone is caused to make and break connexion 
between an induction coil and a vacuum tube 
which is kept revolving at a uniform velocity. Accord- 
ing to the proportion of the number of vibrations of 
the membrane per second to the number of revolu- 
tions of the vacuum tube, so different discha 
figures are produced, giving very beautiful and cha- 
racteristic effects. 

Messrs. Siebe and Gorman, the well-known sub- 
marine engineers, exhibited a diver’s helmet fitted 
with the telephone, by which a diver can on 
conversation with perfect ease with those above, and 
thereby much facilitate his work. 

One of the attractions in this room was the talk- 
ing phonograph of Mr, Edison, exhibited by the 
London Stereoscopic Company, and which was fully 
described in ENGINEERING three months ago.§ This 
instrument was surrounded by a surging crowd from 
the beginning to the end of the evening. Sentences, 
songs, and tunes were shouted into it, which it re- 
produced in its own peculiar voice, causing much 
amusement by its intonation and emphasis. We 
are told that certain songs and rhymes suit its voice 
and memory better than others; and we must say 
that our own experience of the public performances 
of this instrument induces us to accept that state- 
ment as correct, for we could not help feeling that 
we had heard, more than once before, something like 
the following harmless production ; butas we quote 
it only from memory, we are not prepared to gua- 
rantee that we are giving it in the exact words of the 
original : 

‘* Phonos had a little song. 
Whose words we all must know, 
For everywhere that Phonos went, 
That song was sure to go.” 

Mr. W. H. Preece, C.E., showed Professor 
Hughes’s microphone ; and the frantic efforts of in- 
carcerated flies to obtain that freedom which is so 
dearly prized in this country were distinctly heard 
ina telephone at the end of a telegraphic wire. Had 
such a wire been in existence between South Ken- 
sington and St, Stephen’s when the Bill was being 

assed ‘‘for the prevention of experiments upon 
iving animals for the p e of scientific investi- 
gation,” we doubt not that the petition of the little 
house-fly would have been heard praying to be con- 
sidered by the Legislature as ‘‘a living animal,” 
within the meaning of the Act. We need hardl 
say that the microphone, embodying as it does one 
of the most recent as well as ong of the most in- 





* See ENGINEERING, page 208 ante. 
+ See ENGINEERING, page 421 ante. 
I See ENGINEERING, page 371 ante. 
§ See ENGINEERING, page 186 ante. 








teresting discoveries of science, excited in- 
terest at the soirée; but as we have ibed 
Professor Hughes's a ere so recently,* ‘its 
construction is already familiar to our readers. 

Mr. Conrad W. Cooke showed his telephonic 
alarum, for calling attention at the further end of 
a telephonic cirouit without the use of a call-bell. 
As this instrument is described in another of 
the present number we need not further allude to 
it, beyond méntioning that an instrument was placed 
at each end of the room, being connected the one with 
the other by a furlong of wire through which signals 
were sent from either end. 

Messrs. S. C. Tisley and Co. showed Mr. Sedley 
Taylor’s phoneidoscope, which has also been de- 
scribed in our columns.t By its means the influence 
of sonorous vibrations upon liquid films is rendered 
apparent by the patterns and vortices of colour 
seen ina soap bubble stretched across the mouth 
of a resonator into which musical notes and other 
noises are sounded. In connexion with this 
subject Mr. Tisley showed an interesting ex- 

ent, A bubble having been blown across the 
mouth of a telephone, a rapidly intermittent current 
was sent through its coil by placing a Spottiswoode's 
rapid break{ in circuit with it and with a ba ; 
The telephone sounded a note co: nding in 
pitch to the number of vibrations of the break, and 
° as oe See the soap _ across es 

ivided itself into a corresponding pattern eu 

of nodal lines and vortices. : 

In the upper galleries, Sir William Armstrong 
exhibited a model of a naval gun mounted upon its 
ee and which ponte perfection of 
both design and finish. Messrs, Frank Wheeler and 
Co. showed a model of Lechner’s coal-getting ma- 
chine, for which they are the agents in this country ; 
which, by undercutting the coal, prepares the way 
for both blasting and cutting operations. The 
operation of cutting by this machine is per- 
formed by a series of steel teeth or cutters 
attached at intervals to endless pitch chains i 
over hexagon wheels, which are driven by com- 
pressed air cylinders fastened to the side frames of 
the machine. To make the construction clearly 
understood drawi would be necessary, and we 
intend shortly to give an illustrated description of 
this machine. Mr. A, M, Silber exhibited a ship’s 
lamp for masthead or side lights as well as a “‘ flash” 
lamp for night signalling at sea; the peculiarity of 
these lamps consisted in the fact that no oo 
chimney is required for increasing the supply of air, 
se - are constructed to burn colza or rape- 

0 


From the above and from the reference to our own |. 


columns, it will be seen that there were few objects 
exhibited with which the readers of ENGINEERING 
are not already acquainted, but the interest of the 
evening was kept up in the Queensland Annexe, and 
Mr. Bateman must be congratulated upon the large 
number of guests who were present notwithstanding 
the many pinata t the soirée of 1878— 
the fiftieth anniversary of the foundation of the 
Institution of Civil Engineers—would ,turn out a 
failure in consequence of the invitation not extend- 
ing to the lady members of the profession, as has 
been the case during the last six years. We can- 
not but think that this move is in the right direc- 
tion ; it is one that must have required consider- 
able courage on the part of the President to 
take; but on no more fitting occasion could a 
president take the first step towards returning 
to the ancient usages of the Institutio than on 
the day of its jubilee, a day when one must be irre- 
sistibly reminded of the great Father of Engineering, 
of Thomas Telford, the founder of the Institution 
and of the golden ages of the profession, which, let 
us hope, are not gone for ever, Few will deny that 
in social gatherings the presence of ladies is one 
of the chief attractions and advantages, but it must 
not be forgotten that the Institution of Civil Engi- 
neers is a scientific body established for highly 
scientific purposes, and that the conversazione of its 
President ia something more than a social gathering. 
In the old days of the Institution the soirée at 
Great George-street was a landmark in the scientific 
year, and the very interest attaching to it made it 
so well attended that the crush became a causé of 
positive discomfort. To avoid this, in the year 
1872, Mr. Hawksley, the then President, invited his 
guests to the International Exhibition, where there 
were picture galleries above and machinery in 
* See ENGINEERING, page 369 ante. 
+ See ENGINEERING, 871 ante. 
T See ENGINEERING, voi. xxii., page 348 





motion below, so that the attractions of the 
evening, both technical and esthetic, were in- 
oun but the difficulty then was to deal with the 
large space and to prevent the eries looking 
empty and poorly attended. 
fore, invited, and that was, 
and one of the most ive conversaziones given 
by the Institution. Since that time, without the 
professional attraction of an industrial exhi tion, 
the soirées have continued to be given at South Ken- 
sington, and we have no hesitation in saying that 
om feat pint ray apn into —_ social 

erings, an at is perhaps more rtant, 
ne been losing their individuality. If the con- 
versaziones of half a dozen different es, founded 
for as many different objects, are all held in the same 
place, and attended by a on of the 
same people, what is to distin them from one 
another, and we do hope that this new move, retro- 
grade in one sense, but progressive in the sense of 
advancing the best interests of the Institution, will 
lead to a return to some of those old rae ears 
customs which were observed when the tution 
of Civil Engineers was in all things what its name 
implies, and was eminently fitted by virtue of an un- 
impaired Constitution for advancing that profession 
which has been the pride and glory of Great Britain, 
and which it describes in its Charter as the applica- 
tion of the great forces of nature to the use and 
convenience of man. 





THE SEWAGE SYSTEM OF PARIS. 

In anticipation of the intended visit to the 
sew: m of Paris, by the Institution of Me- 
chanical Engineers, during the forthcoming visit of 
that body to Paris, we propose to bring era 
few notes upon the subject, which may be found of 
interest. 

The area enclosed within the fortifications of the 
city may be put down at 19,000 acres. The quantity 
of water distributed for miscellaneous service over 


this area per ff is about 46,000,000 gallons, and 
the average daily rainfall is some 22,000,000 ms. 
About 20 per cent. of this quantity is absor 

evaporation, leaving 54,400, ons to be dealt 


with. This water is loaded with the débris from the 
streets, and the impurities from manufactures, house 
refuse, stables, &c. The sewage properly so called 
does not enter the sewers, as itis dealt with se 
rately. Roughl g there are about 100, 
water-closets in Paris, of which a small proportion 
is provided with separators, that retain the solid 
excreta, while permitting the liquid portions to pass 
into the sewers ; the remainder are chiefly emptied 
into Ils. ‘The present system is of very recent 
date, but partial works for conveying the 
sewage into the Seine were constructed at a very early 
period. In 1831 the remains of sewers dating from 
the time of Philippe le Bel were found underneath the 
Palais de Justice; but the conduits then formed 
were only for the service of a few palaces or other 
important buildings, In early times the Cité dis- 
charged its sewage into the Seine, the University 
quarter on the left bank, into the Bidvre; and the 
town properly called into the Ménilmontant brook. 
As for the oe slopes of Charonne, 
Ménilmontant, Belleville, and Montmartre, the 
porous surface soil absorbed a large proportion of 
the sewage, which—partially filtered —found its way 
into the Seine. The brook of Ménilmontant was 
through several centuries known as the main sewer 
of Paris, and many roughly constructed channels 
were made from time to time to converge into 
it. About 1550, under the reign of Henri IL, 
a very important effort was made to improve 
the condition of the city. A scheme was 
repared by an engineer of the period—Gilles 
esfroissis—to divert the water of the Seine 
into the sewers and channels, natural and artificial, 
and by means of sluices to create a constant current 
of water, which should carry away all obnoxious 


matter down to a suitable point of e. This 
project, however, was opposed by the city, and 
nothing came of it. In 1605, under Henri IV., Prévét 


Francois Miron arched over at his own cost the 
Ponceau sewer, which extended from the Rue St, 
Denis to the Porte St. Martin. In 1611, Hu 

Cosnier, director-in-chief of the Loire Canal, revised 
the project of Desfroissis but failed ; in 1631, engi- 
neer Pierre Pidou was charged with the work of 
enlarging the city by enclosing within the enceinte of 
the Tuileries, the Faubourg St. Honoré as far as 
the Rue Royale, and the Faubourg Montmartre as 








far as the present boulevards. In the course of this 
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work he made the sewers navigable from the Arsenal 
to the Porte de la Conférence, and constructed 
near the walls of the city a large sewer 12 ft, in 
width. Atthis time there were about 12,000 yards 
of sewers of all kinds in and around Paris, the greater 

ion in so bad a condition that many workmen em. 
ployedin repairing them were killed. It may beworth 
noticing thatthe physicians of the period on inquiring 
into the cause of these deaths, so far from recognis- 
ing the real reason, reported that the men in 
question were killed by the stare of a basilisk which 
they asserted inhabited the sewers. In 1667 theservice 
of police was created, and shortly after a municipal 
ordonnance enjoined an annual inspection of the 









































































la Concorde the sewer the Rue de 


sewers by the various prévéts who were to take steps | the river, when the gallery passing under the height ft in 
for their maintenance. But in spite of this, matters | of Chaillot and the Avenue Wagram, erosses the nag woo wet Sag ea 80740 
went from bad to worse, the sewers became choked | village of Levallois-Perret, and joins the collector Width at springing oharch 2. ww. 16 on 
and absolutely useless, even to convey the sewage | on the right bank last described, about 550 yards =A _ ies e walks to topof arch 11 113 * 
into the Seine, where it had so long been a grievance | from the point of discharge. Near the Pont d’Alma wiath of a <M Hy ii 
to the water-side population, and on the 24th of|on the left bank, it receives the Montparnasse th aE 4 
April, 1691, a decree was issued for the formation | sewer, and the Grenelle collector ; on the right bank Heekt ofsidewalls 3... 8 uit? 
of a commission to study the whole subject and] the Auteuil collector falls into it. Thickness of arch'at crown | 1 7H 
devise a remedy. In a map of Paris dated 1592, the} As an indication of the form and arrangement of _ ” springing 2 115 
brook of Ménilmontant as it then existed is shown. | the galleries, we may give a few particulars of the — ane of rp neh wea ~ iat irs 
The banks were sloped and planted with trees, and its| great collector on the right bank, the course of m pe ernie consexions 72) 88 0 
rincipal tributaries were the sewer from the Rue des | which has been already indicated. The section is a Height of branch to street traps 6 6 
Egoute, between Rue St. Martin and Rue St. Denis, | gradually increasing one to accommodate the-dis- Wi > re ied 2 7 


the Montmartre sewer, and the Gaillon sewer, which 
afterwards was convertedintothe Ruede la Chaussée- 
d’Antin. The land in its vicinity was {deserted, for 
no houses could be occupied near it. Butit was not 
till about 1730 that extensive operations were 
undertaken to ameliorate the condition of the city. 
Michel-Etienne Turgot, father of the great minister, 
engaged seriously in the work ; he constructed an 
open channel in stonework, and provided means for 
its easy cleansing, and he formed also a reservoir at 
the end of this canal to receive the contents of the 
Belleville sewers, which then flowed through the 
canal, A map dated 1765 shows the extent of the 
works carried out by Turgot. The canal followed the 
Rue des Fosses-du-Temple, where for part of its 
length it was arched over, but was left open between 
the Porte du Temple and the Porte St. Martin to 
receive the Sewer du Temple and the Sewer de la 
Croix; it then passed through the faubourgs of 
St. Martin, St. Denis, Montmartre, and Poissoniére, 
and was there partially covered over and planted with 
trees. It was left open again to receive the sewer of 
the Rue St. Lazare, and passing beneath Rue de la 
Chaussée-d’ Antin, it penetrated through the Faubourg 
St. Honoré, and the middle of the Champs Elysées, to 
fall into the Seine, Gradually the work of extend- 
ing and improving the sewers was carried on, and 
in 1806 there existed about 79,700 ft. covered, with 
the exception of 5200 ft. er ype the reign of Louis 
Philippé about 80,000 yards of additional sewers 
were made ; but their usefulness was only partial, and 
the sanitary condition of the streets was bad in the 
extreme. 
In 1855 the works which were to transform the 
whole system of sewage collection were commenced, 
the projects having been previously elaborated by 
the late M. Belgrand, Ingenieur des Ponts et 
Chaussées. At that time there were about 
145,000 yards of sewers for 425,000 yards of 
streets, while at present there exist some 775,000 
yards of sewers for 860,000 yards of streets. About 
148,000 yards is the length of the service drains of 
the devetinn-hownts. The system as now carried 
out is divided into two classes, the sewers and the 
collectors ; the former receive the street and house 
water, and conduct it to the collectors. The latter 
are constructed along the lower levels of the city to 
receive the natural drainage, as well as the contents 
of the sewers, They are three in number. The 
first is on the right bank of the Seine, and is known as 
the Departmental collector ; it commences at the 
point of intersection between the Rue Oberkampf 
and the Rue Ménilmontant, and passes under the 
old boulevards, Its course is broken by three bends, 
by which it crosses the basin of La Villlette, the 
fortifications, and the Grande Route St, Denis, until 
it falls into the Seine, near the “le St. Ouen. The 
sewage dealt with by this collector is of the worst 
kind, containing, as it does, the :mpurities from the 
abattoirs, gas works, the factories of La Villette, 


closed within a semicircular arch, 
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7019 ft., and 15,039 ft. 
the canal St. Martin to the Rue St. Paul 


point to the discharge at Asniéres. 


eurved with a radius of 18 ft. 9}in.; the 
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the side walls and arch is 13 in., and the interior 
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with cement. 


of the side walks are 27,% in. and 19}} in. 
tively, and that of the channel is 47} in. 
of 
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lined throughout with cement. No. 
walks to springing is 35,;in., and the side 
are curved with the same radius as the 


a semicircle. 
wide, and the channel is 7 ft. 2}in. wide. 


rr 
2d ft. 


of springing. The walks themselves are 
wide, and the width of the channel is 11 ft 
The depth of the latter is 6 ft, 11 in. 


the different types except No. 1. ‘ 


- . - : © and inlber te 

Montmartre, &c,, and even the overflow from the Type No. 3 ae oa ke 16 6} with the object of improving the soil an ) 
Bondy depit. The second collector on the right bank yy NOS ete ate 3 1075 convert the impure waters into an effluent that might 
of the river commences at the Arsenal basin, follow- » No.6 mer'l wed, ot... bes Gye filter graduallyinto the Seine. It willbe observed that 
ing the quays, and running under the Rue Royale,| The gallery under the Boulevard Sebastopol may | this project is an extension of the sewage utilisation 
. —_— : | be taken as a type of one of the branch collectors. | scheme already carried on at Gennevilliers. The 


the Boulevard and Rue Malesherbes, it traverses the 
Route d’Asnidres and falls into the Seine above the 


of the Boulevard Se l-; at the Place de] one of the 


joins it ; atthe Place de la Madelaine it absorbs the 
sewer of the Petits-Champs, and at the junction of 
the Boulevard Malesherbes ‘and the Rue de la 
Pepiniére, a sewer following the course of the brook 
of Ménilmontant flows into it. On the left bank 
there is only one collector, which at its commence- 
ment absorbs the river Biévre, that at one time used 
to flow into the Seine above the Pont d’Austerlitz. 
The collector taking this stream runs behind the 
Jardin des Plantes, towards the Boulevard St. 
Michel, when it passes along the quays as far as the 
Pont G’Alma ;* here a double syphon takes it across 


charge from the various tributaries flowing into it, 
The sewage water flows in a channel, on each side 
of which is a paved side walk, the whole being in- 
The collector is 
of four different types, Nos. 6,5, 3, and 1], 
The total length is 27,207 ft., and the lengths of the 
different sections are respectively 2296 ft., 2853 ft., 
ype No. 6 extends from 
; type 
No. 5 from that point to the Boulevard Sebastopol ; 
type No. 3 from the Boulevard Sebastopol to the 
Place de la Concorde; and type No. 1 from this 
Type No. 6 is 
8 ft. 23 in wide at the point of springing of the arch, 
the height from the side galleries to the point of 
springing is 4 ft. 11}in., and the side walls are 


of the side galleries is 35} in. on one side, and 
in. on the other, and the width of the channel is 
in. The depth of the channel in the middle is 
in., the invert being curved. The.thickness of 
masonry is 10§ in. inside the invert, the bottom of the 
structure being flat, 7 ft. 6} in. wide. The thickness of 


sewer is covered throughout with a lining of cement 
1,5 in. thick, The outside of the arch is also protected 
No. 5 is 9 ft. 102; in. wide at 
the springing of the arch, the height of the side 
walls to springing is 4 ft. 114 in., and the radius to 
which they are curved is 12 ft, 9} in. The widths 


The depth 
e latter is 3]4 in. in the centre and 27. 
at the sides; the thickness of walls and is 
18 in,, and the thickness underneath channel is 
in. The underside of the structure is flat and 
about 6 ft. wide ; this, like all the other sections, is 


13 ft. 1, in. wide at springing ; the height from side 


so that the section of this type is more than 
The side walks are both 27,% in. 


depth of the latter is 394 in. in the middle and 31}in. 
at the sides, the thickness of masonry under the 
channel is 17}} in. and at the sides it is 23$in. The 
under side of this section is curved on the exterior. 
No. | is 18 ft. 3in. wide at springing and 
7 in. wide on the outside of the masonry, the 
arch is elliptical and the height from springing to 
centre is 6 ft, 4in.; the side walls are curved and 
are 3 ft. 5 in. high from the side walks to the point 

Ti 2 ft. 114 in. 


The normal distances between the underside of 
the masonry and the street levels are as follows for 


It was constructed between 1855 and 1858 under 
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ce. In this gallery are laid the two great 
water mains which receive their supply from the 
Oureq. The following are the principal dimensions 
of the gallery : 


The edges of the side walks of this gallery, as well 
as of all except the t sections, are furnished 
with rails, along which the wagons run, which are 
employed for cleaning out the channels, These 
he yt eonsist of a light frame running on wheels 
and furnished with a movable dam turning on an 
axis in the wagon, and being manipulated by a 
winch. Its form corresponds to that of the channel. 
When it is desired to remove any obstruction in the 
channel the dam is lowered, backing up the water 
behind, which being suddenly released carries with 
it the accumulation of sand, mud, &c. For the larger 
sections, boats are employed instead of the wagons. 
These are built of iron, and carry a movable dam in 
front similar to that attached to the wagons. Pro- 
jecting from the boat are two arms carrying guiding 
wheels, which pressing against the sides of the 
channel keep the boat in the centre. When the dam is 
lowered the water behind it forms a head of from 6 in. 
to 12 in., which is sufficient to produce the desired 
effect. ‘The deposits accumulating below would 
quickly form a bank that would stop the progress 
of the boat, if the water in escaping through the 
spaces between the sides of the dam and the channel, 
and by small openings made in the former, did not 
drive the sand and mud constantly in advance of the 
boat. The rate of progress is very slow, as it takes 
from eight to ten to traverse the five miles of 
the grand collector. in returning up stream movable 
dams are placed in the channel about every 600 yards, 
to reduce the speed of the current. Safety chambers 
for the workmen are placed at intervals of 650 ft. 
This precaution is very necessary, since in periods 
of heavy rains the collectors are quickly flooded, as, 
for instance, on the 27th of July, 1872; when in five 
minutes the Sebastopol collector was filled to the 
roof, and several workmen were drowned. There 
are about 7000 points of egress for the workmen in 
case of necessity, The number of men employed in 
cleansing the sewers is about 700. 

By means of the collectors nearly all the sewage 
water is discharged into the Seine far beyond the 
limits of the city. But this is done at the expense 
of the river lower down, chiefly on account of the 
great deposits of material held in suspension, since, 
as we have seen, the house sewage proper is not ad- 
mitted into the collectors, but is removed from the 
cesspools by carts. Dredging operations are con- 
stantly necessary, and about. 120,000 tons of débris 
are removed annually from the Seine, at a cost of 
some 60U0/. To obviate this evil, sewage utilisation 
works have been established for some years on a com- 
paratively small scale at Gennevilliers, and larger 
ones are now in contemplation. 

A commission was lately appointed by the Pre- 
fecture of the Seine to examine into a project for 
the construction of irrigation canals which should 
take the sewage water from the collectors and: dis- 
tribute it upon suitable land in the vicinity of Paris, 
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new project includes the construction of a main 
irrigation canal extending from Clichy to the Forest 








railway bridge. At the Place du Chatelet it is in- 
creased 


to receive the contents of the collector fqrvzzRrne, vol. ix., page 313. 





* For an illustrated description of this work see EN- 











of St. Germains, of six. secondary branches, and of 
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a large number of channels which collectively should THE DOURO VIADUCT. the country has been with means of inter- 
i an area of 16,000 acres. WE have already given an account of this noble | Communication for the of its not 

The total length of the amar channel would | work of art (vide ENGINEERING, vol. xxiv., page 346) | 8° much by railways as by roads, for con- 


be about 18,000 yards. would be circular in 
section, 6 ft. 6 in. in diameter, and would traverse 
the Seine three times by syphons in cast iron. The 
pumping station would comprise five engines, 
collectively of 1200 horse power, of which two 
are already at work in pumping the sewage for the 
Gennevilliers’ irrigation. e estimated cost for 
these works is 160,000/. for the pumping station 
and irrigation canal, &c., 40,000/. for the secondary 
branches, or 200,000/. for all, not including the 
outlay made at Gennevilliers, which has reached 
about 65,000/. 

The sewage utilisation works at Gennevilliers were 
commenced in 1869 upon 144 acres of ground, and 
have gradually developed until at the pregent time 
about 600 acres are under treatment. This land 
receives about 600,000 cubic feet of water per acre 
per year. The use of this water is quite optional, no 
cultivator is obliged to take it, and each use 
what quantity he wishes, and apply it in whatever 
way he judges best, There are no data indicating 
the quantity taken by each farmer, so that only the 
average results are known. 

The irrigated soil is generally laid in ridges sepa- 
rated by trenches; the trenches receive the water, 
and the ridges are reserved for the 
vegetable crops.are here in advance of all others, 
but a number of fields are occupied by potatoes, 
beetroot, cereals, lucerne, &c. hen it is desiredjto 
have the soil less broken, it is only intersected by 
small trenches, generally parallel, and placed about 
9 ft. apart. The general appearance of the crops is 
most satisfactory. The vegetables, the quality of 
which has been much criticised, are excellent. The 
Horticultural Society of Paris, which has followed 
with the greatest interest the development of the 
sewage farm at Gennevillers, has spoken of the 
success obtained in numerous reports. At the bottom 
of the open channels by which the sewage is 
distributed, there is a} blackish deposit, formed 
by substances held in suspension, mineral and 
organic, At the moment of its formation, this 
deposit seems impermeable ; but after having been 
exposed some time to the air, it has the appearance 
of a felt composed of hairs and vegetables and other 
débris. This deposit. is left at the bottom of the 
trenches during one crop, and is afterwards worked 
into the ground. Stony ground, of which there is 
a considerable quantity in Gennevilliers, is much 
improved by the deposits of insoluble - matters, 
mineral and organic, which the sewage waters leave 
on its surface, and the amount of fertile soil is thus 

dually increasing from year to year. 

The scheme for the extension of the sewage utili- 
sation as elaborated by the late M. Belgrand, is as 
follows : 3 

At present two 400 horse power engines raise 
part of the sewage water from the collector at As- 
niéres, Two other engines, established near the 
first pair, would be sufficient to pump the rest of 
the sewage. The invert of the St. Denis is ata 
much higher level, and could be discharged in the 
plain of Gennevilliers by gravity. From the pumping- 
station at Clichy, to the forest of St. Germain, for 
a length of 16 kilometres, the water would be 
ng ed thrdugh a main; this conduit would pass 

y the plain of Colombes, across the Seine, in a 
syphon, at the Island of Marante, would go 
through Bezons, Houilles, Sartrouville, then a 
second time over the Seine, and would enter the 
northern portion of the forest of St, Germain, where 
there are 3750 acres of sterile ground, which irri- 
gation would fertilise; afterwards the water may 
be sent in a channel to Achéres, where the irrigation 
would be extended over 1600 acres. The irrigable 
surfaces are approximately as follows : 


Acres. 
District of Gennevilliers eee eee 2500 to 3000 
pa Nanterre, Colombes, 
Districts of Carriéres, Bezons, Ar- 
genteuil, Sartrouville ... sit 8500 
Forest of St.Germain ... a 3700 
District of Achéres ove eee 1750 


The largest of these territories, that of the forest, 
would be at the disposal of the municipal service, 
and would constitute an immense regulator, over 
which the waters would run, and by which irriga- 
tion of the other districts might be controlled. 
For this reason this large area constitutes one of 
the chief advantages of the scheme. 
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which was opened to pe traflic by their majesties 
the King and Queen of Portugal, with much pompaud 
ceremony on the 4th of November last, when it was 
named the Maria-Pia, after the queen. The viaduct, 
of which we this week publish a two-page engraving, 
is the leading feature of the fifth section of the 
Northern Railway, owned by the ‘Compagnie 
Royale des Chemins de Fer Portugais,” a short but 
most important link, uniting what had been the 
temporary terminus of the line at Villa Nova de 
Gaia, on the south side of the River Douro, with 
the central station of the Minho and Douro Rail- 
ways, recently built at Campanhaa in the neigh- 
bourhood of Oporto. 

For many years the construction of this extension 
had remained in abeyance, though urgently required 
to complete the systems-and provide direct railway 
communication between the capital and the chief 
city of the country, It would, ap ‘that Don 
José Salamanca, the eminent Spanish financier and 
contractor, obtained a concession from the Portu- 
guese Government in May, 1860, to make the 
Northern and Eastern lines, and engaged himself to 
finish the work into the city of Oporto within four 

ears, We may mention that Sr, Salamanca, accord- 
ing to the terms of the said concession, undertook 
the formation of a company for the purpose of pur- 
chasing, on favourable terms from the State, the 
existing line from Lisbon to Ponte de Asseca, 42} 


miles in length, and to extend it 126 miles to the | Pre 


frontier in the direction of Badajoz, so as to join the 
Spanish railways and give access to Madrid: also 
to construct a branch line from Ponte da Pedra on 
the said railway to Oporto, a distance of about 144 
miles. The Government granted to the conces- 
sionaire, besides certain minor favours, a cash subsidy 
of 7239/. per mile of line constructed of the former, 
and 8687/. per mile of the latter, payable in instal- 
ments as the work progressed. Sr. Salamanca formed 
his company in France, and became general con- 
tractor for the construction of the works, under- 
taking to observe all the conditions of the conces- 
sion, and it must be admitted that the works were 
carried out with remarkable energy, when we con- 
sider the obstacles he had to overcome in the trans- 

rt of materials, through a country at that time so 
badly provided with r and other necessary means 
of communication, Fortunately the lines, with the 
exception of some heavy work across the foot of the 
Serra da Estrella, and in the neighbourhood of 
Coimbra, had no engineering difficulties, and were in 
fact moderately easy throughout, the only bridges 
of any importance being those over the Tagus, 
Mondego, and Soure rivers. 

The company during its early years was not in a 
very flourishing condition with respect to its 
finances, and sometimes the contractor had great 
trouble in procuring the necessary advances to pro- 
ceed with the works, and although the Government 
was most punctual in paying over its subsidy instal- 
ments, sometimes even before they were strictly 
due, they did not suffice to cover all requirements, 
and further hard cash had to be obtained somehow. 
It was then that the printing press was brought into 
requisition, to create the various series of bonds and 
debentures issued in Paris, which brought the com- 
pany at one time down to the verge of bankruptcy, 
and has permanently saddled the undertaking with 
a heavy load of preferential capital. Doubtless this is 
the reason why the average cost of the company’s 312 
miles, of single line of railway, appears to have been : 


£ 


In shares... see ie 4,426 
In 3 per cent. debentures pas wo ~=—-:17,915 
In Government subsidy .., ooo lie 7,892 

Total cost per mile ... £30,233 


If the 42} miles, taken over from the State for 
about 14,500/. per mile, were to be excluded, it 
would leave the mileage cost of the lines con- 
structed by the company, at even a greater figure 
than that given above, . 

We mention these facts without hesitation, as 
the company, after many years of depression, with 
debenture coupons unpaid, and nothing to distribute 
amongst its shareholders, has overcome its financial 
troubles, and appears now to have entered the direct 
course leading to a prosperous future. This result 
is no doubt due to the remarkable commercial de- 
velopment that has taken place in Portugal d 
comparatively recent days, and the happy cause 
this, may be traced to the energetic manner in which 


struction and finish will compare favourably with 
the best in . The country is mountainous 
and has but few rivers navigable to any great dis- 
tance, and before these improvements were carried 
out the muleteer did all the carriage, and his strings 
of pack-horses were to be seen everywhere travers- 
ing the bridle-roads leading to the interior. Sr. 
Fontes Pereira de Mello, the present Prime Minister, 
was the initiator of the policy to open out the country, 
and place it on a par with other E civilisa- 
tions. He considered no sacrifice was too great to 
enable this to be done, although an empty exchequer 
and other financial difficulties, left as a legacy*by 
the civil wars of a previous generation, appeared to 
offer insurmountable obstacles to the expenditure of 
considerable sums of money on public works, and 
would have daunted a less resolute spirit than his. 
Sr. Fontes, and the other ministers who laboured 
with him, instead of considering it a rash and 
hazardous course to take, saw , what is now 
universally admitted, that it was the only means by 
which the er could ee its 

sent state rosperity, an © to support 
Td burdens of a largo scdloenl ‘debts: cy of 
this sort required to be carried out with prudence 
and moderation; it was the important factor 
to the development of the country, but there are 
other circumstances to be taken into considera- 
tion, and it does not at all follow that because the 
sent has justified the- past, therefore- lavish ex- 
penditure ought to be continued in the future; on 
the contrary, it is now more im t than ever 
that railways and other works still required should 
be continued gradually, notwithstanding the public 
clamour for everything to be finished off at once, 
regardless of the financial consequences which such 
a course will certainly bring to the country. 

We have rather di from the chief subject 
of our notice, but the foregoing remarks may suggest 
some reasons hi the fifth section of the way 
remained unfinished until the close of last year, or 
thirteen years after the date fixed by the concession 
for its completion. During that time various ques- 
> ya had arisen ee the company and — 

overnment respecting the in ion o 
some of the coadibens of bs aainadiens and. the 
work in the meantime was suspended, but the con- 
struction of new railways by the State in the northern 
provinces, the necessity of obtaining direct access to 
them, and, above all, the favourable agreements 
negotiated with the Government in 1875, by which 
the company, on waiving its right to a subsidy on 
the short extension to be made, and by giving up 
all its other claims, was to be’ exempted from the 
payment, during thirty-six years, of the 6 per cenit. 
ad valorem transmit duty, on the slow traffic over 
the whole extent of its lines, an arrangement which 
was unquestionably of the utmost benefit to the 
company, and made it impossible to delay further 
carrying out its original obligations. 

Although the distance from Villa Nova to the 
terminus of the Minho and Douro Railways is only 
2 miles 1 furlong and 4 chains, as the crow flies, 
many trial sections were taken over the ground 
before the final route was selected, Some years pre- 
viously, works were actually commenced on a line to 
cross the Douro by a low-level bridge near Arienho, 
which would have placed the northern terminus in 
an inconveniently low valley 500 yards further from 
Oporto, The length of the bridge was to have been 
1660 ft. between the abutments, the level of rails 
68 ft. above low-water line, with intermediate piers 
carried down to depths varying from 82 ft. to 98 ft. 
below that again. e work was cally com- 
pleted over a length of 1 mile 3 furlongs 9 chains, 
including an important viaduct and 1365 ft. of 
tunnelling. 

The line as finally constructed was laid out by 
Sr. Pedro Ignacio Lopes, the company’s engineer. 
Seeing that Villa Nova Station was 233 ft. above 
the level of low water in the river, and the 
terminus of the Minho and Douro Railwa 

was 230 ft. above that level, he decided upon the 
bolder course of crossing the river near the 
Seminario, by a high-level viaduct, placing the 
rails 200 ft, 94 in. above the water, which gave him 
re working ents, and a line of 2 miles 2 fur- 
ongs and 4 chains in length, almost direct from 
point to point. On leaving Villa Nova this route 
utilises about 875 yards of the line fhe 4 con- 
structed ; it approaches the south of the river 





by a cutting 46 ft. deep, and immediately after 
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they were man 


these the one sent in MM. Eiffel et Cie., of the 
Levallois-Perret Iron Works, near Paris, had the 
merit of being not only the lowest in price but was 
pont nar the finest design of any presented, 
and thereupon that firm very properly secured the 
contract. 

It may be convenient if we reca itulate some of 


You 

Eastons and Anderson. 
heaters and introducing them to our 
the insertion 


Southwark, June 4, 1878. 





the le dimensions of the viaduct, o- in a 

revious number,* and describe briefly the design 

fore g to detail the method adopted in 
the erection. The level of rails is 200 ft. 94 in. 
above low-water line. The distance between the 
abutments 1157 ft. 9 in., and the total length of the 
ironwork of the superstructure is 1162 ft. 8 in., 
It is supported by a — arch, springing from low 
masonry abutments, built upon the solid rock 
on either bank of the river, and by seven wrought- 
iron piers and end abutments, Two of the piers 
are carried by the arch iteelf, and the remainder 
reat upon massive stone pedestals. 

The superstructure consists of longitudinal girders 
11 ft. 53 —— laced in couples at a distance of 
10 ft, 2 in. apart from centre to centre. The top 
and bottom members are T shaped, 123 in. wide and 
15} in. deep, joined together by single intersection 
lattice bars. Cross 1 ft. 12 in. deep are 
fixed to their upper sides, the distance between the 
supports being 8 ft.2}in. They are made of web-| ,, 
plates with a couple of angle-irons rivetted to either 
edge. ‘The distance between the cross girders is 
9 ft. 54in.; they carry four wrought-iron longi- 
tudinal beams 7} in. deep and 4in. wide over the 
flanges, the central ones being 3 ft. 10} in. apart, 
and those at the sides 1 ft. 11} in. from the latter, 
leaving a space of 2} in. between them and the 
upper members of the longitudinal girders. The 
are covered by corrugated iron plates, upon whic 
the permanent way is placed, and the whole is 
finished at the sides by Falustrades, having a width 
of 14 ft. 9 in. between them. The superstructure 
is divided into three sections ; the central one con- 
tains three spans of 34 ft. 1} in. each, and two spans 
3 *. pate Fe my vg ft. 24 an Pg i - 

e of speci esign and varying to fit 
the curve of the arch; that on the south side has 
two of 94 ft. 4in. over the arch, and three 
beyond of 122 ft. 7} in. each, and has a total length 
of 557 ft. 4 in.; the one to the north has two 
similar spans over the arch, and two of 122 ft. 7} in., 
with a total length of 434 ft. 8} in. These side 
sections are continuous, the girders being fixed to 
the piers rising from the arch abutments, and resting 
— rollers on all other points of support ; a space 
of 2} in, is left to allow for expansion. 

The great arch has a span of 524 ft, 11} in. 
between centres of the bearings, and a height of 
123 ft. 0} in. from the springing line to the underside 
of the arch. It is formed by two crescent-shaped 
ribs, with the pointed ends resting upon pivots 
carried by the abutments. The ribs are placed 


Working Expenses on the Northern 
of the working — to the 
Northern of Spain Rai 
cent., as compared with 39.62 






























at a cheap rate with the 


construction of the first section (22 
borough and Gympie Railway from 


girders, and cy piers for bri 
and other et ceteras for the railway ; 


work in itas the second:section, 
per mile, when all charges are included. 


ousman, C.E., late of the 
survey, has been e 
railway from Hi i 
Hawaiian Islands. 


Brussels lately for 470 trucks for the 


horses was let to the my Worksho: 
1421. 16s. per truck. Another lot 


Seneffe, at 112?. per truck. 


ship City of Rio de Janeiro, 


States and Brazil. Her dim 


ressure 42 in. in diameter. The 

ft. The boilers are six in num 

steam pressure is 80lb. There is a 
vided with i lent air and 


should be 


a capacity of 5000lb. per day. The 
ing or loweri 


the a ents, may either be 


tropics. The air pipes are prevented 
apartments by 


that the 


complete system of diagonal frames and ties, making | cerned _ wish 
the on z braced structure throughout. Each rib 
has an up and lower member, made trough 
sha by horizontal plates 2 ft. 14 in. of varying 
thickness, two side webs 1 ft. 114 deep, and six 
angle-irons, The members are pm aces vertically 
by which divide the ribs into 2] panels, the end 
ones being closed in, and the others cross-braced ; 
the depth at the crown of the arch is 32 ft. 9} in. 
pier is made up of four columns, placed in 
the form of a rectangle, the highest being 36 ft. 1 in. 
by 15 ft. 9 in, at the base, and 10 ft. 2 in. by 
4 ft, 54 in. at the top, where it is surmounted by a 
capital which takes the bearings of the longitudinal 
i . The columns are composed of four plates 
1 ft. 53 in. wide, fastened in the shape of a box by 
angle-irons at the corners; they are held together 
at every 1] ft. 5} in. of their length by horizontal 
and are further braced ughout both 
diagonally and vertically. Each column has its 
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the reservoir was considerably in 
made large enough. Since t 


supply. 


voir in the k was p 


kept YF <1 filled. The 
Philadelphia is wholly ins 
mented, all 
old and new works must 
fore it has had time to puri 


that isa 
supply running“short. 





320,0001. promised by » § 


—— — 


to Messrs. J. Annear and Co., for 96,7391., 
of about 43001. mile. This does not inclu 
i bridges, stations, fencing, 


ensions are : 

870ft. ; beam, 39ft.; depth of hold from 
ey Ty ey et 
‘ . Her is  compoun: , the 
low-pressure cylinder being 78 in. in diameter, and the high 
istons ry a stroke of 
» an e ordinary 
surface condenser, 
circulation pumps. 
vessel is provided with two sets of steering 
one worked by steam and the other by hand power. 
The latter is meant to be used only in case the former 
disabled. On the main deck are [several 
large ice houses, and an ice-making machine having 


creasing the temperature of 
elaborate pipes, which run along the floors] on! each side of | 
a filled with steam or cold air, | 8 
according as the steamship is in a cool climate or in the 
from di ing the 
enclosed in bronze iron lattice-work. 
In the engine-room is a heat register so delicately 
slightest increase of temperature in any apartment 
with which it is connected affects it. Two donkey engines 


49 ft. 2} a) at the base, and incline tow each t 1 
other at the top, where the width between them is | are provided for use only in case of fire. 
reduced to 12 ft. 11} in. They are held together,| Water Su 

both in a horizontal and vertical direction, by a very | reservoir was built at 


ufactured by Messrs. 
As we have for some time held a 
license from the patentee under which we are making these 


we should 


connexion, 
feel greatly et you woald kindly allow us space for 


Yours faithfully, 
CATER, WALKER, AND Son. 


FOREIGN AND COLONIAL NOTES. 
Spain.—The ratio 
declined last year 

wa, 
cent. in 1876. The 
Barruelo mines now furnish the Northern of Spain system 
i coal required for working the 
lines comprised in the undertaking ; and the working ex- 

remained nearly stationary last year, while the 
Praffic expanded to the extent af 7, 7851. 

land Railways.—A contract has been let for the 

miles) of wd Mary- 


on the 
37.40 


Tiaro, 
ing at the rate 
rails, iron 


that this first part of the line, which has not such hea 
will not cost less than 70001. 


A Railway for the Sandwich Islands.—Mr. C. V. 
Canadian Pacific Railway 

to survey a route for a line of 
to Kawaihae in the Hilo district, 


Belgian Rolling Stock.—Contracts have been ss 
ways. One lot of 50 10-ton closed trucks for live stock and Ge 

Company, Louvain, at 
64 10-ton closed trucks 
of a different type was let to MM. Delforge and Co., of 


ian State 


American Steamers for Brazil.—Messrs. J. Roach and 
Son, of Chester, Pennsylvania, wy om leted the steam- 
e 0! 

steamers proposed to be established between the United 
i : Length over all, 


a new line 


base line to top 


ents for in- 
saloons are 


ly of Philadelphia.—When the Belmont 
Philadelphia, the chief engineer con- 
ed to make it very much larger than the 
original plan, but it was denounced as a job; and although 
in size, it was not 

new reservoirs have been 
built at other points, but still the demand far exceeds the 
To meet the great deficiency the mammoth reser- 
Par j and commenced ; and 

had it been finished and put in use, it would have met all 
current needs, as the works on the Schuylkill could have 
reservoir ca) 
cient ; and unless it is aug- 
the increased supply of water pumped up by 
i ly, to the customers be- 

'y in the reservoirs. Those who 
doubt this have only to look at the muddy condition of the 
hydrant water supplied to the north-western wards after 
every freshet or storm to see how directly the water passes 
oes Ge genaies weeln tate Se eee aes. But 
bad as the quality of water is in the north-western district, 
small evil when compared with the danger of the 


pacity of 


The St. Gothard Tunnel.—New difficulties have arisen 
in connexion with the St. Gothard Tunnel — 
Canton of Os este Sel bw its contribution to the 
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crossin; the Denso tenvensee 180 pants of Connelling, base fixed to the masonry pedestal by a wrought-| Permanent Way on the 
and follows the northern bank without eens Oe iron bolt 3} in. in diameter to give the piers the Southern.—In the course of inot year 15,090 tous of shea 
euurenee work beyond a rather heavy retaining necessary stability to resist the side pressure of the etd wn miles of line, were laid upon the Lake 

some minor bridges. The line was constructed | wind. d Michigan Southern Railroad. The per 
under Sir Lopes’ immediate directions, but the great (To be continued.) toan of vocelled ison sulle, semeetetine th eke ee 
viaduct was reserved for competition between some and 4186 tons of Beane ag bid hmm line ; 
of the leading builders of this country and) ATKINSON'S FEED-WATER HEATER, _ | °f line. The numbor of cross ties’ renewed was 574,056, 
France, who were invited by the railway compan To rus Eprron or Ewetwaxame. 4 and 168} miles of track were ballasted with stone an 
to submit plans in May, 1875, accompanied wi Srm,—We observed in your last week’s issue a notice =e 1877 in | eae at te aa by the 
tenders for the work. ve were received, and of | of “ Aihiasente Fobeat Improved Feed-Water Heater.” | sponding expenditure in 1876 was "177,304 dole @ corre- 


Eu Te hic Pro os i 
m... page relagrap gress.— Recent statistics show 
for every 512 inhabitants. 

Locomotives on the Lake Shore and Michigan Southern. 
—The number of locomotives on the 


- —e Railroad at | close of a 495. 
run by engines 877 was 

10,352,055 miles. The average cost of repairs i 

was 5.12 cents. ajueeies 


New South Welsh Coal.—The output of coal from the 
Hunter River Collieries, New South Wales, for the fort- 
— Fe’ 15, amounted to 35,503 tons, of 
wi tons were shipped to Sydney, 212 tons to the 
Richmond River, 152 tons to the Clarence River, 8010 tons to 
Melbourne, 236 tons to Queensland, 6681 tons to New 
Zealand, 368 tons to Tasmania, 685 tons to Mauritius, 
1202 tons to South Australia, 4951 tons to China, 375 tons 
to New Caledonia, 1417 tons to San Francisco, and 1229 
tons to the East, while 783 tons were taken by steamers, 
306 tons were used for home consumption. 

am in Europe.—In 1876 there were altogether 
217, mies of tclnguagh Hao in Bure . The ~~ te 
length of wire was 647,096 miles, and the number of offices 
= 27,286. ey a sane nea during 

year was 81,697,981. @ corresponding number in 
1875 was 77,847,955. tie 

Victorian Railways.—A railway from Oakleigh (nine 
miles from Melbourne) to Sale, Gipp’s Land, pe 
recently, is 119 miles in length, and has carried out at 
a cost of 499,5411. / Tenders for two of the new lines autho- 
am | the Victorian Parliament this session have been 
received, and the works will be begun without delay. The 
lowest tender for a line from Dunolly to St. Arnaud, 33 
miles, was 71,9741., delivered by Messrs. Monie and Mattin- 
son; and for a line from Stawell to Horsham, 52 miles, in 
two sections, 118,2911., delivered by Messrs. D. Leslie and 
. Both lines traverse easy level country. 





Compos!tE Puates.—The success which has attended 

the trials of oe armour plates of Messrs. Charles 

., Limited, Sheffield, leads to the belief 

there will be a revival of trade in that department. The 

innovation is one which does not meet with the ap of 

the ironworkers, but will have to be adopted. Still further 
improvements in the manufacture are yet expected. 


Crvi_ AND MeEcHANICcAL ENGINEERS’ SocrEeTy.—At 
the meeting of this society on May 30th, at 7, Westminster 
Chambers, a paper was read “ the Design and Con- 
struction of the Portishead Docks,’’ by Mr. M. Curry, 
Jun., A.K.C. Lond. Assoc. Inst. C.E. The author de- 
— and ~ ng — < coloured —_ i : 
and photographs : 1. site ani lesign of the 
works, which, on the site of the Portishead Pill or estuary, 
at the mouth of the Avon and on the Bristol Channel, will 





gear, | afford for Bristol further accommodation for its ocean 


traffic. The velocities of the tides, the great range 

—48 ft. at high springs—with rapid rise, 12ft. per hour, 
and the tendency to silt, &c., were described, and the 
nature of the site, a deposit of soft mud on the red marl 
with new red sandstone, and to which the foundations were 
carried. ty yd with the outer quay wall forms a guid- 
ier of 970 ft. to the entrance. The lock is 566 ft., 

l 66 ft. wide and 41 ft. deep, to accommodate a 
" _— ft. beam. There are two pairs of wrought- 
te Be ~ skins, and which weigh but 

72 tons per leaf, a floating caisson. |'The dock, 1800 ft. 
by 400 ft. wide in bottom, has an area of 20 acres besides 
a timber pond of 15 acres, with a quay wall along the rail- 
—— and formed to a — on the opposite side. 
2. The mode of construction ; the cofferdam 530 ft. long, 
puddle chamber 7 ft. wide, and piles 55 ft. long, was 
carried across the mouth of the estuary, but on the eve of 
completion failed from the unstable nature of the mud 
bottom. The masonry entrance with outer return wall 
was then completed ‘4 tidal work, a half-tide timber 
trench bei riven through the mud with a staging 
for wagon and crane roads, and by a temporary dam of 
iron lattice girders with outside p ing, the water was 
effectually shut out, enabling the rest of the works to be 
constructed free from tidal interference. In the lock the 
masonry along one wall was first got in, and used asa 
buttress for stratting the trench of the ite wall and 
the meting bank behind it; the invert being founded last 
of all. The dock was excavated by hand labour, and the 
material removed to quay banks by locomotives, winding 
inclines, and swing » the bottom being too soft to 
allow the use of mechanical excavators, excepting the 
chain pump and an elevator used for the slurry. The 
author, who as contractor’s resident ape had set out 
the works, concluded the pe with a sketch of the 
the development of the Port of Bristol, showing the neces- 
sity for the new docks. In the discussion which followed, 
Messrs. A. C. Pain, Howard, Street, Love, and the Pre- 
sident took part, and the ings terminated with a 
vote of thanks to the author for his very valuable and in- 
i meeting then adjourned till the 


annual meeting on Thursday, June 13. 
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STEEL MARINE BOILERS, 


On the Use of Steel for Marine Boilers, and some Recent 
Improvements in their Construction.* 


By Mr. W. Parker, Chief +--+ Surveyor of Lloyd’s 
ember 


‘ A 

Durrine the last few years several important improve- 
ments have been made in the details of marine engines and 
boilers by which the wear and tear have been lessened and 
the durability increased. The pressures meanwhile have 
been slowly but steadily advancing from 60 Ib. to 75 Ib., 
now a common pressure, and in a few instances 90 Ib. has 
been reached. These gradual increases have also, I am 
assured by those engaged in working the steamers, been 
attended witha marked economy. But up to the present 
time all attempts that have been made with new forms of 
boilers, with the view of obtaining still ter pressures, 
have uniformly been signal failures, and a vast amount of 
money has been swallowed up in extensive experiments 
bearing on this point. To F ys this I need only mention 
the names of the steamers Marc Antony, Fairy Dell, Malta, 
Montana, Dakota, and Howard, the boilers of which were 
constructed to work at a pressure of not less than 130 lb. 
per square inch. The recent adoption of mild steel for 
marine boiler-making, however, will enable the present 
form of boiler to be made of greater strength, and gives 
promise of further advancement in the direction of higher 
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pressures ; and if experience is satisfactory as regards the 
comparative durability of steel and iron boilers it may not 
unreasonably be expected that this material will become 
almost universally used for their construction. 

Some months ago the employment of steel for such pur- 
poses was ventured on by only one or two firms, but” it is 
now coming into more general use ; and at the present time 
there are eer 27 marine boilers being constructed of this 
material, under the inspection of the engineer surveyors to 
Lloyd’s Register, with reductions in the scantlings of the 
po and stays-to the extent of about 25 per cent. In the 
first few sets of these boilers it was deemed advisable to 
submit the material to some severe tests. Pieces taken 
from the shell and front i were subjected to tensile 
tests, and the mean of results of over 80 tests gave a tensile 
strength of 27.5 tons per — inch, while the extreme 
variations of strength in the different plates, manufactured 
by different companies, and on different processes, were not 
more than four tons per square inch. Shearings of every 
plate used in the construction of the furnaces and combus- 
tion chambers were subjected to a tempering test; they 
were made red hot, quenched in water and bent cold almost 
double, with satisfactory results in eachinstance. In order 
to prove that the material does not suffer from the effects of 
repeated heating and cooling, I had two pieces of plate 
made hot and quenched in water repeatedly—one 50 times 
and the second one 100 times, but without any apparent 
injurious effect upon the temper of the materials, the speci- 
mens so treated bending almost double without fracture, as 
may be seen from the specimen produced ; further, one of 
these pieces has been tested, and its tensile strength found 
to be fully equal to the original plate. be ne pen of the 
longitudinal rivetted seams were also pulled asunder and 
their actual strength ascertained. Boxes constructed to 
fairly represent the back-water hs ewe of the boilers were 
made of steel and iron and tested by hydraulic pressure to 
destruction. 

These experiments, which were not confined to steel manu- 
factured on any particular process,’and the results of which 
eponeniansies so closely to each other, afforded pretty con- 
clusive evidence of the fact that the improvements recently 
effected in the mode of manufacturing mild steel have in- 
sured the production of a material which, by its uniformity 
of tensile strength and ductility, &c., is eminently sui’ 
for all the purposes of marine boiler-making; and the’ 
satisfactory nature of these tests and the information 
gained thereby have enabled us to dispense with many of 
them in subsequent cases, the actual tests now required 

much less stringent. 

hile this steel possesses such excellent qualities, 
however, it has been shown on several oceasions that some 
of its essential qualities are liable to be injured to a much 
greater comparative extent than in iron by the operations 
usually occurring in boiler-making. For example, a great 
loss arises from punching when special treatment is not 
subsequently employed ; it has been shown that this injury 
is to some extent proportional to the thickness of the plates 
and varies with the relative sizes of ch and die. In 
three series of experiments I lately conducted on steel boiler 
lates, the loss from this cause in some instances rose in 
in. as high as one-third of their ultimate strength, 
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and in this respect these experiments agree with others pre- 
viously made on plates of a similar thickness ; the loss in 
thinner plates was found to be for } in. plates 18 per cent., 
for 4 in. plates 26 percent., and for § in. 33 per cent. 
In order to arrive as nearly as possible at a ical result 
these specimens were p 80 as to represent the pitch 
and diameter of rivet holes occurring in practice. 
Four of these specimens, which were cut from the same 
te, are shown on Fig. 1, from which it will be obgerved 
hat the plain piece broke at a strain of 26.4 tons per square 
inch, with a fine silky fracture ; the punched piece broke at 
18.69 tons per = inch with pa mg ble tion and 
with a cata crystalline ; the specimen that 
been rimed out after punching broke at 28.2 tons per 
square inch, with an elongation of 2 in. in 24in.; while 
the piece that had been ter penclis stood 31.71 
tons per square inch and stretched considerably. The re- 
sults of the tests on the other specimens were practically 
identical. The diminution in the strength Powe! by punch- 
ing was thus 28.7 per cent. in comparison with the solid 
plate, while it is considerably more if we compare it with 
the rimed or annealed plate. The drilled specimens in each 
series stood as much as the solid plate, and in one or two 
instances there was even a perceptible gain in the strength 
of the drilled specimen. 
The effect of punching in these specimens was not only 
to cause them to break at a less tensile strain, but it also 
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prevented the specimens from stretching, gating has in 
fact to break with a crystalline fracture. This at first sight 
would seem to indicate that the quality of the material had 
been deteriorated from hole to hole. It is not so, however, 
as these experiments show, and in this they confirm results 
reviously obtained with material of a similar description. 
ey — et that the te f is confined to a zone of 
metal round the hole less than | an inch thick ; for when 
in. holes were punched then rimed out to 1% in. 
iameter, the material stood as high a tensile strain as the 
plain specimen. It has been shown by careful experiments 
that in the process of punching steel plates, the temper of 
the shatertel becomes altered for a short distance round the 
hole, the metal becoming harder and less capable of stretch- 
ing. Owing to its hardness and inability to stretch, this 
part round the holes when the piece is under tension takes 
a higher proportion of the strain than the other more 
yielding , and hence it reaches the breaking strain 
sooner. hen the part round the hole gives way its strain 
is transferred to the other =. and at first the extra 
strain falls suddenly on the adjoining parts, and this intense 
local strain apparently sets up a tearing action across the 
whole section of the plate, causing it to break at a low 
strain, without stretch, and with a crystalline appearance. 
As the loss from punching is so much greater in steel than 
in iron plates above a certain thickness, it is desirable to 
reduce this loss so far as may be practicable, and it occurred 
to me that the hot rivet cooling in the punched hole might 


have the effect of annealing.the distur’ round 
the hole, and restoring them to their condition. In 
order to prove this I had a series of experiments made with 


steel plates } in. and y in. thick, and from the followii 
Table A of results it will be seen that the cooling of the riv 
did not affect the # in. plates, whilst the mean streng th of 
the two yq in. specimens was increased about 1.8 tons per 
square inch. Punching the holes small and then riming 
them, or drilling the holes entirely, or annealing the plates 
after ordinary punching ma; to for maintaining 
the strength of the material in the structure. 

Another operation which injures steel to a greater com- 
parative degree than iron is ing, and itis necessary in 
order to overcome the effects of this process to have the 
plates that are flanged subsequently annealed. If this pre- 
be found that after 
the work is completed the plates will crack, and this cir- 
cumstance has given rise to many surmises as to the cause 
of the apparently mysterious fractures that have been 
found in some steel plates. In conducting the operation of 
flanging with ordi boiler-maker’s plant it becomes ne- 
cessary to heat the plates locally, the effect of which is to 
induce in the vicinity of the heated parts a state of initial 
stress which in steel is much more severe than in iron. The 
annealing is sufficient, however, to set at rest allthe dis- 
turbed particles to relieve these strains, and thus restore 
the material to its normal condition. 

It would thus seem that greater care and attention must 

exercised in the manipulation of this material than with 
ine, and that, while ; pout with ore i go 
and proper appliances ly maintain the origi 
strength of the plates in the structure, the difference be- 
tween the two materials and the uent different 
manipulation required in each case must be realised, not 
only by the manager but by the men who have to work the 
metal, for steel is much more liable than iron to be in- 
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of the metal, and little or no heed is paid to the 
manner of working It is, a gg wagers on ld 
discriminate in s cases as far as 

e Phe nter i 


tween what is owing to the quality ma 
what is Oy ee ee want of care. 
With to steel rivets, I state that in all the 


boilers to which reference was 
this paper the rivets used are of steel. 
care is taken to heat them uniformly and not to overheat 
them, they may be used with as much reliability as iron 
rivets (I refer to rivets up to l}in. in diameter). The ex- 
iments made on the rivetted seams of these boilers have, 
owever, disclosed the fact that the bar-steel at present 
supplied for rivets is not of so uniform a character as the 
plates of the same material ; for while in one instance the 
rivets sheared at 27 tons per square inch, in another joint 
similarly proportioned the shearing strength was found to 
be not more than 19 tons. This wide in the 
quality of material supplied from the same manufactory, 
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and which had been thought to be of a uniform character, 
is somewhat startling, and demands a full explanation. 

matter is one which pri ly concerns the steel 
manufacturers, and it is now engaging the attention of 
some of the companies. When these investigations shall 
have been concluded we will no doubt be in a ition to 
place as much reliance on the shearing strength of rivet 
steel as we now do on the tensile strength of steel plates ; 
but in the mean time until we are reassured on this head 
itis desirable to ascertain by actual test the quality of the 
rivets employed, and this is done in each instance in the 
boilers now in course of construction. 

The experiments on rivetted seams have also shown that 
if double-rivetted joints are made of steel with the same 
ratio of bearing surface to area of plate as is usual with 
iron, there is a likelihood of the plate giving way by 
crippling or Be, pos yr J behind the rivets, causing the Reino 
to stretch oval and the joints to open at a very low strain 
compared with the ultimate strength of the material. So 
that a pressure of little more than twice that at which the 
boiler is designed to work, or say one-third of the bursting 
strength, would cause the boiler to leak. It will there- 
fore be found necessary in proportioning steel joints to 
allow a greater amount of bearing area than would be done 
in iron joints. 

The only important point in connexion with this subject 
re; which we have scarcely any reliable data, is the 
question of the comparative corrosion in steel and iron 
marine boilers, and although the analytical experiments 
that are now going forward on a small scale may furnish 
some interesting particulars it seems probable that we shall 
have to wait for the disclosures of actual experience. On 
a recent occasion when I had an opportunity of examining 
the boilers of two vessels fitted with steel and iron boilers 
working under the same conditions, the steel boilers had 
apparently suffered more than the iron. In the steel 
boilers ten years old it was observed that the corrosion had 
been most capricious in its action, and the effects on con- 
tiguous plates which were to all subject to 
precisely similar conditions were very different. The 
corrosion also seemed to be very severe in the narrow 
water spaces in which, from the defective circulation, the 





* I may here give a practical illustration ing on this 
point which came under my observation this . In 
ee eee ee ae the 
unexpected fracture of two furnace plates in steel boilers 

ing constructed under his og agen It that 
the furnaces were not ly same diam as the 
front — in‘which they were intended to , and 
that they had wn and hammered to 


when the e 
for a distance of about 84 in., at a 
from the parts then being riv 
of a brittle nature, a specim ‘ 
strength of 27.6 tons per square inch, and the tempering 
and ing tests were also » cuttings from 
these two plates having doubled to seven. ths without 
any appearance of fracture. The result of this case proves 
that although such treatment may, to a certain extent, be 
admissible in the case of iron boilers, it must be avoided in 
the case of steel. 
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water would at times be driven from the surface of the 
plates, By the courtesy of the superintendent engineer of 
one of these steamers, I was enabled to havea specimen 
cut from two plates which showed vastly different results 
so far as re corrosion; but upon being analysed 
they were found to be pretty nearly alike in their con- 
stituent elements, the slight variation not being more 
than would probably occur in plates from the same ingot. 
The percentage of carbon was very much higher than is 
usual in plates manufactured at the present time, and 
judging from the analysis the original stren of the 
material could not have been much short of 40 tons per 

uare inch. The following is the analysis referred to 
which was repeated by three different chemists and showed 
practically the same results. 


Taste B.—Analysis of Two Plates contiguous to each 
other in a Steel Boiler, working under Ldentical Con- 
ditions, and which showed very different Results as 
regards Corrosion. 


‘. = a 
This Plate | This Plate in 











Percentage Composition. | A. A A 

| Nol. | No.2. 
— carbon | 0.41 0.40 
raphite ... ro oe ped none none 
Silicon... ove eco | trace trace 
Manganese -| 0.25 0.25 
Sulphur ... % 0.05 0.06 
Phosphorus am nel 0.02 0.02 
Iron (by difference) ..| 99.27 99.27 
| 100.00 | 100.00 


It is only right to remind you, however, that at the time 
when the boilers in question were made the manufacture of 
of mild steel had not advanced to such a state of perfection 
as has since been reached, and it would therefore be unsafe 
to accept these results as a criterion of the effects of corro- 
sion on the steel of the present day. With regard to the 
corrosion of shells, I think it is t8 be regretted that the longi- 
tudinal seams in shells are not made with double butt 
straps, as if this were done, and the inner strap and rivet- 
heads were made of extra dimensions, a uniform corrosion 
over the entire shell to the extent of, say, about 30 per 
cent. would still leave the structure at its original strength, 
viz., that due to the strength of the longitudinal seam. 

Through the kindness of Mr. W. Deane, locomotive 
superintendent of the Great Western Railway Company, 
I Tately had an opportunity of witnessing at Swindon an 
attempt to burst an experimental steel boiler, represent- 
ing the barrel of a locomotive, as shown in Fig. 2. 
The internal diameter of this boiler was 4 ft. 4 in. ; it was 
made of jin. plates double rivetted with } in. rivets, 2} in. 
pitch, the joints being double butt-strapped, and the work- 
manship extremely good. At a _—- of 728lb. per 
square inch the end plate cracked between the rivet holes 
for a considerable distance round the plate marked A, and 
at 795 lb. the increase on the original diameter of the barrel 
was at the parts marked B, C, and D fin., whilst at the 
bands it was only yvin. A hole in the top plate into which 
was screwed the connexion to the pressure gauge was 
stretched oval, and the leakage at the crack and at the 
joints was so great as to completely overpower the 
pumps ; the Table C annexed gives detailed results of this 
experiment. This experiment would seem to indicate that, 
in consequence of the great stretch of the material the 
leakage at the joints in steel boilers, even although double 
butt-strapped, would give warning of the excess of pressure 
long before the pwns | point was reached. 

At present it is scarcely practicable to rivet together with 
ordinary appliances plates of a greater thickness than, say, 
1} in., but it seems not improbable that we may before lon 
be able to entirely dispense with longitudinal rivetting, ani 
thus minimise the difficulty now experienced in working 
heavy plates. The idea has now been revived of rolling 
boiler shells in broad solid rings, and I am assured by 
several of the, steelmakers in this country that it is quite 
pation to produce by this method cyli of from 

ft. to 11 ft. im diameter. A step has already been taken 
in this direction by an eminent steel manufacturer, who is 
now rolling solid cylinders of e diameter, which, when 
attached together, it is in to work with compressed 
air at a pressure of 1000 1b. per square inch. 

But while we are thus increasing the st of shells 
the one weak point in the boiler is the furnace ; for although 
steel furnaces will undoubtedly be stronger than iron ones 
of the same dimensions, yet the transmission of heat 
demands that the thickness of the furnace shell shall not 
be materially increased, and the stiffening rings necessitat- 
ing rivetting, &c., which are found in high-pressure boilers 
invari oceasion trouble at sea. It is therefore gratify- 
} to mention a recent improvement which bids fair to 


lall the requirements of the case, by su ing the neces- 

strength Sma increasing ts Chicken the plates 

recourse e strength ‘ 

This consists of » form of flus patented by Mr. 

Sam Fox, of the Forge Com » to whose 

Ps IE ng: for a di =P By 
. er with the apparatus em: ‘or testing i 

a oe of this of flue seems to be that 

due to the di ne of the material, and the 

experiments recently ue to ascertain a “ 

ne, sho 


strength, rison with the ordi 
that sorragaied iron furnace had a ¢ twice as much 


as the plain one; so that the working pressure 
could with safety be 80 as furnace is con 
. Of course, if this farnace were rolled in 





* The flue and apparatus here referred to were illustrated 
and described by us in a recent number (vide page 260 ante). 


Taste A.—Tgsts TAKEN IN Deap Weiaut Lever Macurine aT Messrs. CHARLES CAMMELL AND Co.’s, 
SHEFFIELD, TO sHOW THE ANNEALING ErrEct or A Hor RIveT IN AN ORDINARY PUNCHED Hotz, Puatrss 


2 LN. AND yy IN. THICKE. 

































































| 4 
a | & 
3 | E ; 
a4 g 
s =o 
y- 3 6 3° A REMARES. 
ae & = fz|%| # 
53 ‘s 3 3 4 Fy 5 
£2) 5 A |g*|a|é 
° | 
No.| in. | per cent./|per cent. kgs 
2 Plain piece | 27.125 | 28.125 | 38.85 {yew Broke with « silky fracture. 
| < Hole 1.17 in. in diameter, crystalline 
2| 2 Hole punched | 21.605 | 34.82 16.66 eet an : 
| 
nor | Hole 1.17 in. filled with hot rivet 
y ot rivet ; ; ole 1.17 in. with hot rive’ 
3; 3 H riveted in with 20.591' | 12.38 | 21.70 with large head. Crystalline frac- 
| large head ture. 
’ A= = Hole 1.17 in. filled with hot rivet 
4] 3 Ditto | 22.858 | 34.80 | 21.96 | ' , | with large head. "Crystalline frac- 
| \ ure. 
IEEE 
| : 
| «-+ > 
1| ye}  Plaimpiece | 27.292 | 90.25 | 51.36 iia Silky fracture. 
| (in 4in.) ae 
2| y| Hole punched | 25.123 | 54.11 | 30.25] fe” on Hole .£8 in. in diameter. Silky frec- 
Pept hole ; -- 4-2 
7 __ hot rivet ; - , Hole .88 in. filled with hot rivet 
3 | 76 rivetted in with i SoS | 00 am te. with large head. Silky fracture. 
large head 
| | ne = = on 
} ; 5 - Hole .88 in. filled with hot rivet 
4) 4 Ditto | 27.141 | 24.70 | 17.90 ie with inrgehead. Ceystailine frac- 
| ture. 
| =e 
TABLE U.—TEsT OF XPERIMENTAL STEEL BOILER. 
Description of Boiler. 
Length inside, 10 ft. 6 in. : diameter, 4 ft. 4 in. ni ot 
Plates } in. thick; bands 5 in. wide, »% in. thick ; two rows of j-in. rivets. 
Thirty-seven longitudinal stays (steel) 1} in. in diameter with 13 in. ends and nuts. 
Angle-iron at flat ends, Lowmoor iron, 3 in. by 3 in. by 4 in. (full), ? in. thick. 
Flat end plate steel, } in. thick. 
zg ‘nm 3 ~ 
aS 3 os, 
bs 63 & alt 3 
¢ [ea] é | «# 
& aw se z % “7 RESULT. REMARKS. 
Ss |£s| $86 tes eae 
s 133] EES S32 | 85 
ist | 252) Nil Nil Nil Tight 
One long stay on row from Stopped test and took 
» | 336 st Not perceptible} ,, One long stay leaking third row from = of stays to 
top 2 
2nd | 336 a Not perceptible} Nil Tight 
. 560 ss i " Leak at brass plug 
” Té ” Stopped test gaulked 
Heavy leak at brass plug, rivets in band nearest flat en 
» | 616 ts ‘ s { ne band and angle-iron ring of boiler, and tightened 
rass plug. 
Srd | 616 Nil Gauged Tight 
4th | 616 7] + Nil 
” 694 bs full . ” ‘ 
d split bap oisy an Roa between : 
rivets, brass Y, OWNS || ¢ Permanent set at flat 
» | 728 full , to hole in plate elongating, flat plate : 
; = y cracked for 2 ft. 6in. in length be- {| ¢ end vvin. 
tween rivet holes. 
5th | 336) Not gauged - Nil | Slight leak at crack, rivets, and flat end 
” 588 .” ” 
Sharp cracks, flat plate broken between 
» | fe ts ” { rivets leaking badly 
s 784 bare P . 
: : : . Break in fiat plate leaking badly and ee er 
ri 80 as . 
ée + a b 2 tween the whilst 
» | 7% 3 ve { render it impossible to increase the at the rings it had only 
pommel increased about ;; in 
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a corresponding increase of strength, and from the peculiar 
form of the fiue it also possesses a more extensive and 
therefore more efficient heating surface than that provided 
by the plain furnace. : 

Now as we have a material that gives us a boiler about 
30 per cent. stronger than an iron boiler of the same 
scantlings, and as it seems possible that we may be able in 
the immediate future to dispense entirely with longitudinal 
rivetted seams by having the shells rolled, and as there has 
also been a furnace introduced which can work at twice 
the pressure of the ordinary plain flue, it does appear to me 
that we have succeeded in a great measure in removing the 
old conditions that have militated against much higher 
pressures being obtained, and that we appear to be now 
in a position to make a fresh departure in the direction of 
still greater pressures. If the improvements which I have 
indicated prove, as I have little doubt they will prove, 
successful, we shall have gained an advantage represented 
in the aggregate by an increase of about 80 or 90 per cent. 
of the working pressure. In other words we will be able 
to work the present form of boiler at 160]b. or 170 lb. per 
square inch ; and, although the resultant economy will not 
be so great as that which attended the increase at one step 
from 30 lb. to 601b., we may confidently anticipate that it 
will be sufficient to give a great impetus to steam naviga- 
tion, advancement in which has lately been so much re- 
tarded by the high consumption of fuel. 


ON STEEL FOR SHIPBUILDING.* 
By Mr. B. Marrext, Chief Surveyor of Lloyd’s Register 
of British and Foreign Shipping, Member of Council. 
(Concluded from page 439.) 

Ir is evident that vessels engaged in carrying dead weight 
must realise greater advantage from the use of lighter 
scantlings than the ship carrying measurement goods. I 
have therefore selected for the purpose of comparison three 
types of vessel, viz. : 

1. A screw steamer suitable for the India trade. 

2. A sailing ship of about 1700 register tons to be em- 
ployed in general trade. ° 

3. A screw steamer designed for dead weight carrying in 
the ore trade. 

The principal dimensions of the first of these vessels are: 
Length, 316ft.; breadth, 36ft.; hold, 25ft. 6in. Gross 
register tons 2300, and of 200 horse power. 

Sach aship built of iron at the present time to class 
100A would cost complete for sea about 36,000/., and 
would require about 1090 tons net of iron. The following 
may be taken as a statement of a Bombay voyage : 

Allowing 800 tons of coals for the ship’s 
use, the cargo on which freight would 
= paid would be 2200 tons, at 30s. per 

n 








Homeward cargo, 3500 tons measurement, 
goods at 40s. per ton ee bi 7,000 
£ 10,300 

Expenses on voyage we «» 7300 

Insurance on 36,0001. for four 

months at 8 percent. perannum 960 
— 8,260 
2,040 


> 
uivalent to a profit of, say, 54 per cent. on the voyage. 
ow, if we suppose a similar ship built of steel, of the 
decreased scantlings, and to class 100 A, to take about 
890 tons net of steel, she would cost about 40,5001., and the 
statement of a similar voyage would stand thus : 
Allowing 800 tons of coals for ship’s use, 
the cargo on which freight would be 


paid would be 2400 tons, at 30s, per ton 3,600 
Homeward cargo, 3500 tons measure- 
ment, goods at 40s. per ton es 7,000 
£ 10,600 
Expenses on voyage LA .» 7300 
Insurance on 40,5001. for four 
months at 8 percent. perannum 1080 
— 8,380 
2,220 


Or a profit of about 5} per cent. on the voyage. 

As, however, it may occur that a weight cargo out 
and home could be secured, such as coals out and rice home, 
the comparison in such a case would be different, and would 
ne - follows a considerable advantage in favour of the 
steel ship : 





Iron Ship. £ 
Cargo out (say coals) 2200 tons at 20s. ... 2,200 
Rice home 2700 tons at 60s. “ie oes 8,100 
£ = 10,300 
Expenses on voyage ple «» 7300 
Insurance at 8 per cent. ... ooo 
— 8,260 
2,040 
Or a profit on the voyage of, say, 54 per cent. 
Steel Ship. £ 
Cargo out (say coals) 2400 tons at 20s... 2,400 
Rice home 2,900 tons at 60s... 8,700 
£ = 11,100 
Expenses on voyage ‘is 7300 
Insurance at 8 per cent. ... 1080 
— 8,380 
2,720 


Or a profit on the voyage of, say, 63 per cent. as against 
54 per cent. for the iron ship. 





* Paper read at the nineteenth session of the Institu 
of Naval Architects. _ 





If, now, we take an iron sailing ship of 1700 gross 


register tons, to class 100A, taking about 840 net tons of | been 


iron, she would cost about 22,000/. A similar vessel built 
of steel would uire about 680 net tons of steel, and 
would cost about 25,0007 


The difference in the net weight of material or carrying 
capacity would consequently be about 160 tons. 

A comparison cannot so easily be made in this case as in 
the former, as the conditions are more varied ; but there 
does not appear to be much doubt that with a steel ship, 
properly designed, and properly managed, she would, 
under ordinary circumstances, hold her own inst the 
cheaper iron vessel, while with exceptional freights of full 
dead-weight cargoes out and home, the additional 160 tons 
capacity would cause a balance to appear in her favour. I 
am not alone inthis opinion, as a sailing ship of about 
1700 tons}is now being built of steel, and the rienced and 
intelligent owner of her fully expects, whilst having a 
stronger and better ship, to be enabled to thus recoup him- 
self for the additional outlay. However, those who, like 
myself, desire to see the general use of this superior ma- 
terial as a substitute for iron, can only hope that this com- 
mercial element, which at present is somewhat nicely 
balanced, will eventually declare itself still more clearly in 
favour of steel, so as to lead to its wholesale adoption for 
general shipbuilding purposes. 

There is no doubt that for vessels intended for special 


trades, where a light draught of water is essential, and | and 


where the cargo consists entirely of dead weight, such as 
the ore and some other trades, the use of steel, even as 
the matter now stands, will be found most advantageous. 

If we take a screw steamer suitable for the ore trade, to 
at about 1300 tons, and having a double bottom, she 
would cost complete for sea about 17,5007. If built of 
steel the cost complete would be about 19,0007., and such 
a vessel would carry about 75 additional tons on the same 
draught of water. 

As these vessels make a vo: 2 month, say at 15s. per 
ton, the gain Br annum wilt found to exceed 25 per 
cent. on the additional outlay, or 2 per cent. on the whole 
cost of the vessel. 

Other illustrations might be given, but it is thought 
these are sufficiently typical to show that steel can be profit- 
ably used in building vessels for certain trades. In other 

es, as will be observed, the case is more doubtful, and 
it will require some time and careful investigation before a 
full and complete knowledge of all the circumstances can be 
arrived at. 

In connexion with the question of cost, arises another, 
and that is,as to the durability of steel com with 
iron. This isa branch of the subject of considerable im- 
portance, and is being much discussed at present. To show 
the extent to which many are in on this point, I 
may mention that since a short paragraph appeared re- 
cently in the press relating to the rapid deteriora- 
tion of torpedo boats built of steel, I have had numerous 


- | inquiries in reference to this subject, not only from many 


interested in it in this country, but also from abroad. 

I can quite understand its being {desirable to use gun- 
metal or bronze in preference to either steel or iron for 
light swift torpedo boats, without drawing the conclusion 
that steel deteriorates much faster than iron; but this 
latter is an impression which has somehow got abroad from 
the paragraph in question, and I should therefore not be 
sorry to hear a few words on the subject from one 
or other of our Admiralty friends, as they have doubt- 
less. e experiments and careful observations on this 


eo 

hat information I have 
terioration of steel and iron 
to warrant the opinion which ap 
some that steel deteriorates muc 
when used for shipbuilding. 

The experience which has been gained of the performances 
of actual vessels built of steel cannot, therefore, fail to be 
of much value on this point. I have endeavoured to obtain 
information relative to vessels built of this material which 
have been the longest in existence. A striking illustration 
is that of a paddle steamer, which was built on the Clyde 
in 1859, for the Pacific Steam Navigation Company, and 
has been employed in actual service up to the present time, 
and is, perhaps, the oldest s vessel now afloat. 

di haps, the oldest steel 1 float 
was examined about four years ago, and the bottom 
plating from the keel to the water-line was, I understand, 
found to be in a state of excellent preservation. In the 
vicinity of the water-line, where deterioration would 
natura ex the were foun wasted, 

turally be expected, the plates were found to be wasted 
but not more than might have been the case under the 
same circumstances with iron plating. 

Another case is that of the s sailing ship of 1200 
tons before alluded to. This ship has been engaged in 
general trade to India and elsewhere for the last fourteen 
years, and I am informed when last surveyed she was not 
found to have deteriorated even to the extent which would 
have been experienced in an iron vessel under the same 
circumstances. 

In corroboration of this I may mention that when con- 
versing with Mr. Bessemer, very recently on this subject, 
he informed me that he had made experiments with a view 
to ascertain the comparative corrosion of steel and iron in 
nitric acid, and that the results would seem to bear out this 
experience. 

have, it is true, heard of light draught river boats built 
of steel, deteriorating rapidly, but have not yet been able 
to clear my mind of a suspicion that either the speciality of 
the cargo, or the nature of the waters navigated, or 
some such surrounding circumstances, such as carelessness, 
might have aggrava 
place in them. 

I may mention. also that there are two steamers over 
1600 tons, at present running between this country and the 


poieet of the comparative de- 
rom oxidation, is not such as 

s to be entertained by 
more rapidly than iron 





Continent, which are built of steel. They were builtin 
1865, and have therefore been afloat the last thirteen years. 


the wasting alleged to have taken | 3382 


Other cases might be mentioned of steel vessels which have 
ranni ‘or some years without leading to the con- 
clusion that there is more rapid deterioration in steel than 
in iron, if the vessels be properly coated and attended to. 

At the same time, owing to the smaller comparative 
scantlings, it is a matter of greater importance in steel 
than in iron ships, and having. in mind the evils arising 
from negligence in iron vessels, the attention of shipowners 
cannot be strongly drawn to the false economy of run- 
ning their vessels too continuously instead of placing them 
in dock at fitting intervals so that the surfaces of plat- 
ing can be ages 4 examined, scraped, and painted, when 
found necessary. By a due to this, whether the 
vessels be of iron or steel, my experience leads me to the 
conclusion that often much unnecessary outlay might be 
avoided, and the cost of tion and coating would be 
far more than compensated for by the durability of the 
v i 
Many other points, and doubtless new ones will ‘arise in 
any general application of this material, and these we must 
be prepared to meet and overcome, and I feel sure nothing 
will b be wanting on the part of the shipbuilders of this 
country in adapting their appliances and modifying their 
practice to suit their requirements of any advance in the 
art of ———- or in the material to be employed 
by them. If s is to replace iron in the immediate 
future, I need not say the stride will be+an enormous one, 
great changes may have to follow, but I nevertheless 
look forward to such changes without misgivings, for I 
know they will be undertaken with the utmost care, and 
with every endeavour to abide strictly by the teachings of 
— and with a due regard to the principles involved 
th erein.- 
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Tue Sunz Canau.—In the first ten days of May, the 
transit revenue of the Suez Canal Company amounted to 
25,2001. This revenue was collected from 31 ships. 





Sanrrary InstrTutTse or GREAT Brirarn.—The first 
annual meeting of this Institute was held last week, under 
the presidency of Dr. Richardson, the chairman of the 
Council. From the report it a rs that while the In- 
stitute is free foom debt, much desirable work had been 
left undone for want of funds. Numerous meetings had 
been held and lectures delivered, and a congress had taken 
place at Leamington last October, when an exhibition of 
sanitary appliances was also given. In the same month 
an examination of local surveyors and inspectors of nuisances 
took place, resulting in certificates of competence being 
given to some of the candidates. A second examination 
was held last February. Sir J. Ba: tte spoke highly 
in favour of the Institute. After the election of members 
of the Council for the ensuing year, Mr. W. Donaldson 
read a paper on the present and future work of engineers 
with reference to | pom P ay 0 Bae mane vy water 

i system and irrigation for the disposal of sewage, 
a poste which led to much discussion, and an adjourn- 
ment to this week. In the evening a number of the 
members dined at the Grosvenor Gallery restaurant. 





Tae InstiruTion or Crivit ENatngErs.—At the 
twenty-fifth and concluding meeting of the sixty-first 
session, held on Tuesday, the 28th of May, Mr. John 
Frederic Bateman, F.RB.S., ident, in the chair, the 
discussion on Mr. T. C. Clarke’s paper ‘‘On the Design 
of Iron Railway Bridges of vary hoa Spans,’’ was con- 
tinned throughout the evening. It was announced that 
the Council, acting under the ers of the bye-laws, had 
recently transferred Messrs. uel Abbott, John Brun- 
lees, Henry Davey, John Dickson Derry, Ben James 
Fisher, Charles Edward Gael, B.A., Walter Hunter, Ailsa 
Janson, Thomas Miller, Robert Andrew Robertson, and 
Alexander Smith, from the class of associates to that of 
members ; and admitted Messrs. John Tipping Gardner, 

ames Bernard Hunter, Stewart Kershaw, and James 

rown Stephen, as students. The monthly ballot resulted 
in the election of gg er candidates, viz., Messrs. 
Albert Duncan Austin, ident ineer, Government 
po 3, Invercargill, New Zealand; Thomas William 
orn, 


reat NorthernRailway ; William Heerlein Lindley, 
he | Frankfort-on-the-Maine; Henry Augustine Fitagerald 
ilway ; Thomas Frederick 


MacLeod, Canadian Pacific 
Parkinson, Ex. Eng., P.W.D., India; Gerald Edward 
Smith, Madras Railway ; and Patrick Stirling, Locomotive 
Superintendent of the Great Northern Railway, as 
members; and Messrs. Walter Bentley, Leeds; Rev. 
James Oliver Bevan, M.A., Castle Bromwich; John 
George Blackett, P.W.D., New Zealand; John Edward 
Corry, Lozova- Sebastopol Railway, Crimea; Charles 
Fowler, Leeds ; William Griffiths, Hammersmith ; Charles 
Horsley, Wharf-road, City-road; Willoughby Rochester 
Hughes, Stud. Inst. C.E., Valparaiso; Charles Lavey, 
Great Northern Sew | Edwin Lee, Oxenhope, Yorks. ; 
Henry -Charles Litc , Cape Government Railways, 
Port Elizabeth ; John Macnie, donderry Gas Coneany ; 
John Monthermer ner gs B.A., Stud, Inst. C.E., 
Northern (State) way; John Curwen Pot- 
D., Bom ; Hans i 


tinger, Ex. +» Eo. Roderich 
Leopold Reincke, Westminster ; Michelangelo Sclaverani, 
Turin; John Tunstall, Barns’ -road ; John Warren, 
Newport, Mon.; and Robert Henry Willis, Stud. 
Inst. C.E., Foulis-terrace, . In the past 


members, 
honorary members remain the same. 

now number 1072, 1770, 524, and 16, respectively — together, 
, a8 against 3104, at the same period last year, 
an increase at the rate of 9 percent. During the 
session, 95 associates have been transferred to the class 
members; 56 members and 208 (56 of the latter 





having before been students) have been elected ; and 143 
students have been admitted. 
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METALS. 
Zz &. £ 
ANTIMONY ORs (perton)— 12 © 15 
Begulas (StAl) vcevsercerseree 49 9 49 
Basse (per Ib.) — s, 4, 6. 
906,48 K 24 ccseeseerseree 8 9G ° 
Yellow TT ae ° 
CasTINes, suas AND CLEVELAND 
& 4. £ 
+3 5 
3 15 4 
4 'S 5 
Corpse (per ton)— 
Chili DOLE .c..sevessereeveere 64 19 65 
” @ 73 
70 © 73 
oe BBOR .ccccrrccomeee OF @ 89 
Sheets, 6. rscccveesseseeres 72 8 77 
BPMN cerca cenccovenccocebese 78 ° 80 
[R08 Ogk8 (per ton)— a. a. 8. 
Red hematite, British a 66 13 
” « pudding 16 o 17 
inom Pi@ (per ton)— 
Barrow Mo. 1 scssssssereeese 623 6 65 
ee 6 63 
o 63 
o 645 
Q eo 
6 39 
v° » 4 6 638 
Othor qualities ....c00 ° 0° 
Welsh (South Wales)... 72 © 80 
» (North Wales)... 60 © 15 
No, t. No. 
Scotch Pig— 8. 4. 8. 
G.m.b., AtGiasgoW nen $9 6 49 
Gartaherrle ..,.r6ceeee 57 8 $3 
Col or oo 55 
SaMMerlee crcccccescceceeeee $6 6 se 
Langi 58 @ 52 
OCOLDDIOG cissesessceresereeree §3 © 5° 
Monkland. so 6 49 
Rp Ge.cocccccccccccecenecesceess §4. 8 5° 
Govan, at B law... s@ 6 s° 
Calder, at Port rey s6 © ge 
Gilengarnock, at 
GPOBSAD ....ce.ceseereernree $6 8 §t 
Eglinton, ID deitistann so 66 49 
Dalmollington, ditto...... 50 6 5° 
Carron, at Grangemouth 65 o 0% 
Ditto, specially selected jo © — 
Shotts, at LeitD .....0.00008 59 ° $s 
Kinueil, at Bo’ness.. f? 
(The above all deliverable fe alongs de). 
s. «4 s. 
Shropshire vee ..siescssoreee 62 @ 80 
North Staffordshire .,,,.., 43 o 6% 
South ° 75 
Yorkshire Thornaby p pig. ‘co ° os 
Ridsdale Nos,land?.., 9° © t0co 
Iaon, Wrovent— és. £ 
Uleveland cngien, eenee: $ 10 $ 
a coccceee: $ 10 5 
® peated bare 3 3 
” boiler plates _ 1 
” is .. ; 1° 5 
e ship pla 2 0 
* sheets.. 7 15 8 
Scotch bare ..,..... ® § o 
» mail rods... 7° 1 
Staffordshire bars .. 7 10 8 
= lates 8 © s 
~ iler 9 10 ei 
we 8 0 9 
Wel sh rails 3.W. oseee H to 6 
» bare Sy = 6 
» boiler plates, 3.W ° um 
» «hoops, BW. seseee H ° 8 
Leap (per ton) — 
Soft ri Res wecccsccses 96 88 ” 
aa 87 30 18 
Spanish ” eveccestees mee 86 9 16 
GOS cc..ccccccccecrceccccsccse 39 30 38 
PuosPHor Bron 
(POT OWE) rrcrcrsserereerree § 19 1 
QUICKSILV8R (per bottle) 7° ° 
Sorap (per ton) — 
Old rails for re-mana- 
PROLUTO cccrccrsorssscereccce 4 © 5 
SPsSLTsR (per ton) — 
Silesian, ordinary wo... 17 12 7 
SPIRG ELBLSEN (per ton,— 
BORE... ..secsccrcreccccccccoveence 6 © 6 
oO 9: 
Srses. os toa) — 
Best CBSE n.ccrrcereeressereee $4 © ° 
» double Seen we wwmcncee 4§  @ s 
single 33 «Ce se 
Raglish spring scovevecence 14 @ 22 
OO seseeeceretceeceere 00 — 00 
Miles a ae 
avececsessers 8 © 1 
” CYTOS...crvmsscerse 9 § 1° 
” OS ssesesseeeee 9 10 10 
DENCH oa, see nneses ] s 8 
oe GR oes 19 7 
Sree. Castines (per cwt)-- 
Hydraalic cylinders in 
the rough not to ¢x- 
coed 6 ft im length, s. 4. ~ 
4 260hClo 38 
Do, do. Gnished ..... go 34 
Pinions and cog wheela 25 oO 38 
Hammer tups, f 
swages, 5 cwt. and 
BDOVES ...ccecccrsersersereseee 30 © 
Holders-up for rivetti 
machines, ac., 1} to 
CWhreves socecccrcccsocseccercs 9 © 
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STEEL CASTINGS -Continued s. 4. 
Side cranks, cross heads, 
crane wheols, engine 
slides, &c. 4 0 
Tumbler bars and other 
castings for dredging 
PULPOSES .,,cccrcsceecseree 20 © 
Swepise [Ron (F.0.b.) at 
rg— 8. 
|_| ° 
Bar rolled........ 3 
», hamme ° 
= ‘ (per ton)— 

TBIES ncc.csccesscccecsorcccn 62 10 
Bullen 63 o@ 
Banca.... 4 64 © 
English ingots ., 64 10 

Ligh DATS....cc0reeem 95 © 
English refined, ae ae 
Australian o> 63 1° 

Tim PLATES (per box)— s 4d, 
LO. charco: a2 «8 
. n 29.0 
LO. coke 18 =O 
Ss “9s 260—Cle 
ZNO (per ton) 2 «&. 
Sheets, English os 22 (0 
Wigs, Fencing ... so 68g 
* Telegraph (galvan’ 3d) 16 10 
COALS AND COKE 
OOALS (per ton)— s. 4. 
BArrow ccocserccssecesesecseeee 10 © 
9 oO 
8 @ 
cosecccoccecsn «88 OO 
Newe eweastle ‘aud Durham 8 6 
oO 
Statfordahire canceoceecesses | 6 
9 o 
Yo ro | 
OoKE— 
CleVElad wrscccrrsrsrssreeesee 9 © 
Durham 20 «(8 
OILS, GREASE, & LU oreo w 
Os (per CUD) scoccoscocsccceces 8. 
— brown... o pe ° 
BONO cccccccccscccseccnses §3 © 
Sperm head ssteceserece 72 © 
hale, pale... eeecee nm 92 © 
oy VOUMOW w..ccsrcsceeree $9 © 
ep DEOWD cecovesscsseeee 38 0 
GLUB .., npseeistsessenctactecnstae 30 8 @ 
PsTrRoLeum— 8. d. 
Fine (per gallon) ww... 2 9 
oo GPUFIS......cccrcccserersss - 9 76 
— (per cwt.)— 
he eer ae a | 
eden 7 ° 
PLoMBago — owt.)— 
Ceylon LUMP aiccessessseene 12 0 
» chips .. 8 9 
g0, GEER cleccoccosccccornn 8 9@ 
Rattwar GereEask (per 
OWE.) —RO80'S cceveeeese 28 © 
Pritchard, Offer and Co.’s 
CONCONETALET ....c000008 60 © 
Resin (per cwt.)— 
AMCTICAD .,,..cs000ce0eereee S$ 4 
TALLOW (per ewt.) 
N. AMEOriICAN sescorseerseeee 39 6 
8. American beef 39 «(8 
~~ yaore cece 39 © 
Australian —_. 36 6 
20D  . 
St. ee... CG. 30 «6 
English, town ....000-0000, 33 © 
Rough, English Gndespesnens 13 © 
TAR—Stockholm(perbarl.) 20 6 
Archangel... cose 3S 6 
TURPENTING ~Spirit— 
American (casks) ........ 23 9 
WIPING@s, engine (percwt, 30 © 
CHEMICALS, &c, 
ACIDs — e 4 
Aquafortis (per Ib.) ..... 0° 44 
Sulphuric acid (per “ ° ‘j 
Sulpharic acid, brown .. ° © 
Ammonia — Muriate (per & 4. 
3 a 
ARSENIO— s. d. 
White,lump (perewt.)... 24 © 
Powdered (percwt.) .. 8 6 
BLEACHING powder perewt § 9 
Borax—refined (percwt.) 55 9° 
BRIMSrONS i ton)— £ &% 
BROUBR ccorcovcoccecccccercecce § 30 
WRCEP ccccocccccicccccsvccccoscce 55 tO 
Roll 9 15 
Ooprsras — green (per 
BOD) —...ccercrcerecerceseseee $0 © 
Iphate (per 8. 4. 
GWE.) ccccccsccccccccccercecee 18 6 
LEAD, SaLTs, &0., (per owt.) 
ACOTAS, DOSE norcrerereeeee $5 o 
Brown ,, 233 © 

08 oe senses eee ecesoesees a 

WIC oo. .ceccesesceee 30C~« 
LITHARGE (per CWE) coreeeee 3§ © 
dy 1 mew semen (per , 

eoccsetenccenccsescccscscse = § 

ae r owt.) 

English re refined, bags o~ % © 

oo 

Bengal erecccscesccccesseneccces SB 
SODA COUBtle crcccccsseeseeees, 12 § 

ge CHYBAIS ....c0rceeeeseere- £3 10 





















« TIMBER, DEALS &. 
LONDON. 
° (Per Petersburg standard) £ s. 4. £8. 4. 
Archangel lst yellow..... 19 9 9° 19 § °® 
Qmd 4p soos 19 109 8 14 9 O 
° Potersbarg cates, 6 6 0 Wwe © 
Lat bene ES onan seseore ise 1me0o0m oe @ 
‘etersburg & Riga w 910 © 110 @ 
» Christiana deals, best 
- sorts, yell.and white... 1 © © 14 10 © 
° Norway deals, other 
od St cium S 6. ©. 320 © 
Norway battens,allsorts 6 o © gto 0 
1§ deals mixed ...13 © © 14 © © 
° Swedish deals 3rd ........ 11 © 6 12 0 © 
e Swedish deals, inferior 
° and 4 penton soe 9 OO QIO @ 
° (Battens 
° deals) 
1s Finland deals............ 10 9 @ IL 10 © 
a. ” battens ....... 9 5 @ 10 © © 
= AMBRICAN DEALS— 
e ae 1600 4 0 8 
pe ” o- 10 10 © 14 » ° 
e ira 715 © } ° 
e Floated pine 46s., 20s,, ana 10s., less for 1st, 
° Pad, and. 8rd, respectively. 
3 Cnt. Istunie to © © If © © 
bad e ad... 80 oe 810 0 
bd wo 700 8 © Oo 
New Brunswick spruce... ’eo 810-0 
Ditto Dattens nove... 710 0 8 0 0 
a, N. PE oy ao 710 © 8 © 
° U.S. pitch pine ..........12 © © 1210 © 
6 AMERICAN TIMBER— (per load) 
° Red (mixed and 
° MND diictunds- 990 © ¢ 20 
° Do. for yards pans apace 410 0 5 OO 
° Yellow pine, large ww... § © 9 § 10 0 
6 Ditto waney board ...4. 4° 0° § 0 0 
° Ditto small ..eccoccccsccsoee $15 0 § 8 O 
6 Pitch ~ 3 $ ° g10 © 
woe 70 °@ 
6 $00 gs10 © 
° 450° 5 0°00 
g10 © 410 0 
ORS 410 0 gs10 © 
. > 210 0° 39 0 © 
as 250° 2315 © 
6 4109 0 sg OO 
710 @ 1010 0 
~ 8se0 wee 
> 10 09 © 11 OO 
° heart .. 8eoe gee 
a. Australian ironbark ...... 6 © © 7° 0 
ot BaLTic TIMBER (per load) 
7% T sesssscsesserecssecsesee § 10 8 4 ° 
ewe ~~ wha 4°00 g§10 © 
° ” t seers § 10 89 §10 0 
° » good, middiing, 
and 2nd....... 9 © © $1f © 
» common  amid- 
3 scccessercceres 910 @. § O @ 
9 » ‘unde <“h se ire. 
e * small, short, and 
irre, eccccccceccccconce 89 8 6 8 9 6 
° 215 © g10 0 
210 © 215 © 
° Leeethitettens, O 190: 03s: @ 
~ and Worwey 
0 CUcuminna ©18 O:-93 
eng BoaRDs (er aq. 
° — 
8 First a om 6 og 6 
5 » White . 012 © 13 0° 
6 Second qualit: e110 off © 
6 The above P ices “at the Docks.” 
oO 
° LIVERPOOL. 
2 WHOLESALE Prices OF TIMBER, D&ALs, &0. 
c From Baitish Nokta AmBRICA. 
° Pine Timese (per cubic 
foot string measure) £a 4. €8, 4. 
> | Quebecyellowsquare ,, © 1 $ O93 2 | 
e Waneyboard,. o 110 © 2 32 
St. "John’s, N. B.,19in.., © 3 0 © 2 3 | 
Miramic! and Britisi 
a ODAOUF sceceeserreesserereee 8 TF @ 8 -@54 
° Richibucto ....... ort. — 
5 Nova Scotia and Prince 
. Edward Island ........ © © 9 oO 1 32 
of Quebec red ...ccoscsseeseeeee o'3 4 2.6 4 
8. _— ic - org 032 6 
° 2. or4 et 8 
a. Ase e132 ort 
° Whitewood *. aides © 8 6 © 8 © 
3 —_ Canadian and 
° United States ........... 0°93 6 © 4 6 
° Birch, St. John’s, &c.N.B o1r2 O18 § 
8. e ye a ora e858 5 
15 an 
to Prince Edward Island ore e121 $3 
a DEALS AND BATTENS (per 
Petersbarg standard) 
a Quebec yellow pine, ist... 17 © © 19 © 0 
“ Quebec yellow pine, 2nd 13 10 © 1% 0 6 
¥ . “Gays REIS ee 2 
St. . Jobe, Bangor, 4c, 
6 seomcemenniens, 7 10.0. 6 6 © 
° pitt, Nova ,a.., 610 0 7 © © 
° scesscceccsccccss 7 IO @ ; oe 
° a 6ec00 10 © 
e elie per fatho 
ech ea 4m%e g§ 0 9 
¢ Faom THs Unrrep States, East axp West 
° INDIES, AND AFRICA. 
° (Per cubic foot, string 
° measure 28.4. £ 38.4. 
6 Pitch pine, hewn www © 1 2 @ r 6 
13 i BBWDiccerccce OT 2 OE 4 
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Pitch pine planks ......... © 
Pe ae pe eth on. 8 
er calli: 
Bast Indian teak 
pce Mor ~~ memanand 5 
Bullet tree (per foot)...... ° 






an 


FROM THE BALTIO, £0, 


(Per cb. ft.s' ee 
Fir timber, nes red a—_ ? 








GE WOT ccocerceccssctecescnsens 


WalINscoT (Logs calliper 
measure) 

KC., CTOWD nercrsess @ 
Ditto Drack ..e.cccccrssesere, O 
Oak timber, Dan 

(string measure) ....., 0 
Pit props per lineal yard o 
DEALS, &c.— 
(Per Petersburg standard) 
Archangel, and 





os Gothenburg oy 
e Gefle and Stock- 





- 
ecoo°o 


7 

‘ Ditto white wo 9 
MAHOGANY, &c. (per foot 1 in.) 

City St. Domingo seecesene =O 

QUA cccccccecccccsccccccccccsccs © 
BADICU cccccccccesessccccccccccs, @ 
Uedar, Havana, &6. we. 0 
Sleepers, 

9x 10x £5 


" ‘Hemlock ” 


” eee eereeccesccres 


HULL, 
(Per load). 

Memel crown fir timber ... 4 
” » 2nd 3 
Riga and Dantzic ist ...... 4 
» ” oan | 
Sw “4 
iz timber... eee 

(Per cubic foot). 


~ 
“ese ee wet Ow CO On 
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‘a vo 
St. John’s birch ,., 
Pivh pine, hewn 
WI cccccesece 
(Per Petersburg standard) 
Best Arch, and Unegared.., 19 
» Pet. red3xll&3x9% 19 
wow rin 08 





Gefe and Soderham mixed 16 1 
Baltic 1st red Houring bds, 14 
DIO WICC crrccesccccessceseees LE 
Oharge for labour 2s. per standard for deals, 
ands. 6d. per load for timber. 
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(Per cubic foot) - 























Dantzic good middling fir... o 1 34 © 1 
Ditto common miiddling fir o 1 1 oO. 
Sundowall UF sccecccsssseoree O TF LF O I 

(ver Petersburg standard.) 
| Geile lst red deals ........... 16 0 0 17 0 
» 2nd ececssocceccs 18 10 @ O O 
» 8rd ay sresereeeesy 12 0 @ 12 10 
» “bh sersessereee GQ 10 0 8 O 

ae unsorted — deals 
Oo ccrccccccccccscecccccccecceces 30 © @ @ © 
Tunadal Ist red des oe If © 0 16 § 
és en 14410 © @ oO 
»  srdredd 11 7 6 4 10 
ny DALOTS sevseseeveee 10 § © 8 O 
»  ‘“#threddeals..... 910 0 © © 
pan DetteMhacevsecsecneees 810 0 8 Oo 
G burg 3rd red batt win 6 O90 Oo 
Petersburg ist red deals... 17 o o 18 § 
Quebec Ze PIMC wceccsrerreseee 16 10 9 08 OC 
LAGGO, GittO, BTA aeccsecereeree 9 7 6 Q 0 
Oharge oe tone S per standard for deals, 

1s. 6d. per load for timber. 
WISBEACH. 

(Per Petersburg standard.) 

Gefle lst red deals ........, 17 § © 17 10 
» 2nd ee ° oo 14 § @ 14 

3rd ee ee 80 9 
Petersburg 1st red battens 16 $s e0 eo 
Tunadal 2nd red deals ... 13 15 © 14 15 
so —. . 12 0 0 U8 § 
= Srd_ ,, battens... 10 10 © 9 ° 
ea eee S coe 84 § @ 8 OC 
a 12 0 © If § 

“ aud reddenie and 
batt 117 6 12 0 
Wyburg 2nd red boards ...11 § 9 @ 0 

Free on railway tracks. 
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THE DOURO VIADUCT. 


(Concluded from page 458). 

WE shall now proceed to describe the erection of 
the bridge. ‘The ceremony of laying the first stone 
took place on the 4th of January, 1876, when the work 
was at once commenced, and from that date the ma- 
sonry was pushed forward with considerable activity. 
The two abutments or piers supporting the great arch 
are built close to the edge of the river, their foun- 
dations were placed above low-water level, and no 
difficulties were experienced in getting them in. 
Both banks of the Douro at this point are com- 
posed of masses of solid granite, offering all that 
could be desired as a substantial base to work upon. 
The whole of the stone used in the structure was 
quarried on the spot, and the granite being of a 
peculiarly soft and workable character, was pre- 
pared with comparative ease. The abutments of 
the arch were of necessity made of considerable 
length to take the pivots of the ribs, these being 
placed on the springing line 49 ft. 2} in. apart from 











irders, and the time occupied in erection was as 
ollows : 








No.|Height.| Commenced. | Completed. 
ft. in. 

1| 49 8| June 14, 1876 July 1, 1876 

2/118 1| Julyi2, ,, Avg. 3 

3/14010| Anug.13, >, Sn. 8, ” 

4) 14010) Ang. 28, Sep. 15, } 

5/118 1| ‘July17, . Aug.25, * 











While the piers were in course of construction 
the superstructure was erected upon platforms placed 
on the embankments at either side of the viaduct, 
and so arranged as to be rolled forward as the work 
progressed. A jetty was built on the south side of 
the river, whence a substantial inclined plane 
led to the upper level of the viaduct, The lift was 
about 180 ft. in height, and all material required for 
the work on that side was landed at the jetty and 





raised direct to the required spot. The erection of 
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THE DOURO VIADUCT: ABUTMENT OF MAIN SPAN. 


centre to centre. All the masonry is of dressed 
block stone in horizontal courses, with the excep- 
tion of the portions immediately behind the 
points of support, where they are placed at right 
angles to the direction of the line of thrust (see illus- 
tration), and so constructed as to form counterforts, 
Projecting quoins are inserted at the angles, and at 
the top a simple ashlar capital completes the structure. 
The height of the abutment on the Oporto side is 
26 ft. above the bank and 36 ft. on the south side of 
the river, the line of the skewbacks being in both cases 
me ft. above the level of the lowest waters. Their 
width is sufficient to form a pedestal or base behind 
the springing of the arch, for supporting the iron 
columns of the piers which carry the viaduct. There 
are two other pedestals on the south side of the 
river, andone on the north with like piers, and 
small abutments at each end of the viaduct; the 
are built of similarly dressed stone to the arc 
abutments already described. The total amount of 
masonry in the viaduct is about 4700 cubic yards, 
: = whole was completed by the end of September, 
The pier shafts consist of clusters of four 
wrought-iron columns, braced together in the 
manner before described. Their heights, from the 
base to the underside of the bedplates carrying the 





the girders was commenced on the lst of June, and 
they were completed and put into place by the 14th 
of September, that is as far only as the point over- 
hanging the pier bearing upon the haunch of the 
arch, The superstructure on the Oporto side was 
commenced on the 2nd of August, and pushed 
gradually over the piers in a similar manner, and to 
the same extent as that on the opposite side, and 
so fer completed by the 25th of September, 1876. 
After the viaduct had been advanced to this extent, 
preparations were made to put up the great arch, 
the actual erection of which was commenced on the 
Ist of March, 1877. The best method of getting 
into place the various plates and beams, which when 
united were to form the central opening of the 
Douro Viaduct, had to be carefully considered before- 
hand, and this proved one of the most complicated 
problems to be solved in connexion with such 
an exceptionally large work. Under ordinary cir- 
cumstances considerable difficulties would present 
themselves, butin the present case a special treatment 
was wwarneg for the depth of the water in the 
river varies from 13 ft. to 92 ft., and below that 
again there is a bed of mud and fine sand of about 
65 ft. in thickness, this latter subject to periodical 
scouring by heavy floods; it was consequently out 





of the question to erect staging in the river or to 


make use of centres for the arch, and therefore some 
other means had to be devised. The contractors, 
after a careful consideration of the whole features 
of the case, determined to commence building up the 
arch in sections from either abutment, and to sus- 
pend or tie back the portions as built, to the part of 
the superstructure over the piers rising from those 
abutments, The arch is divided into twenty-one 
panels, which we will number, so that Nos. 1 and 21 
shall represent respectively the end ones resting on 
the abutments, and panel No. 1] that at the crown, 
As the work was carried on simultaneously on both 
sides of the river, and the same method was adopted, 
it will be only necessary for us to describe the 
erection of one-half of the span. 

The first panel is a close plated box, and was put 
together on some light scaffolding placed upon the 
marginal rocks between the abutments and the low- 
water level of the river. The lower end of this 
panel rested on the pivots of the abutments, and the 
upper part was e fast to the su cture by 
four steel wire cables, We may observe that the 





el 


cables were fastened in such a manner as to exert 
only a horizontal pull on the superstructure, and to 
counteract the tendency thus produced to drag it 
over the piers and into the river, the ends of the 
longitudinal girders, on the Oporto side, were 
secured to the natural rocks of the cliff, and on the 
other side they were anchored to a massive masonry 
buttress built temporarily for that special purpose. 
After this the second panel, consisting of an upper 
and lowermember, with end and cross beams between 
them, was built out from the first, and when the 
outer end had been made fast to the superstructure 
by a set of eight steel cables, the four which had up 
to this time been holding the ends of the first panel 
were removed. Then was commenced the erection 
of Nos. 3 and 4ina similar manner to that pre- 
viously described, by building out from the work 
already fixed in place. When panel No. 4 was 
finished, it was made secure to the top of the pier by 
eight cables as before, and the others were removed, 
Next No. 5 was built out and held back by eight 
new cables like the previous ones, leaving the 
rtion of the arch constructed thus far, suspended 
sixteen cables fixed to the ends of panels 

os. 4 and 5, After this the —— Nos. 6, 7, and 8 
were built, together with the lower member of 
No. 9, which forms the intrados of the arch, and they 
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were temporarily stayed to the completed structure. 
As we stated, the work had in the meantime been 
advanced in a similar manner from the ro pm side 
of the river, and there now therefore existed an open- 
ing at the centre of the arch, corresponding to panel 
No. 11. The distance across it was carefully gauged, 
and then the two segments of the arch, which had 
been purposely built up higher towards the centre, 
than the position they were intended permanently 
to occupy, were very gradually lowered by means of 
the cables, until the exact width was obtained, and 
the lower member of the central el got into 
place on the 27th of August. This done, the erec- 
tion of panels Nos. 8, 9, and 10 was proceeded with, 
and afterwards, the upper member of No. 1] having 
been fixed, the arch tama completely closed in, 
and finished by the 24th of September ultimo. 

All the various pieces of ironwork forming the 
arch, were raised and brought into position by means 
of a cable provided with suitable tackle, which was 
carried over timber trestles 33 ft. high, placed upon 
the superstructure over each of the abutment piers, 
and stretched across the river. The ironwork was 
conveyed in barges to the required place underneath, 
and was raised, adjusted, and then secured by bolts 
and nuts to the portions of the work previously 
carried by the haunches were put up, and the erec- 
built. hen the arch was closed in, the two piers 
tion of the superstructure was resumed on either 
side. It was afterwards rolled over towards the 
centre, and on the 28th of October the girders took 
their bearing upon the arch. Three days later the 
eee way had been laid, the hand-rails fixed 

place, and the work was completed, ‘The total 
amount of ironwork in the structure is about 
1600 tons, of which 640 tons belong to the arch. 

Such is briefly the manner in which the construc- 
tion of the Douro Viaduct was carried out, and when 
we consider the magnitude of the span and the 
weights handled and suspended, it certainly reflects 
great credit on the contractors that the whole of the 
work was executed within twenty-two months, with- 
out any accident or hitch whatever occurring, this 
alone would be clear evidence of the care “and fore- 
—— used in working out the details of the great 
work. 

The viaduct, when completed, was thorough] 
tested under the supervision of a commission = 

d of some of the leading Government engineers, 

rs. Joio Chrysostomo de Abreu e Sousa, Jotio 
Joaquim de Matos and Candido Xavier Cordeiro, 
The test loads used were both rolling and sta- 
tionary, and were variously applied. The maximum 
stationary load was at the rate of 244 cwt, per 
lineal foot, upon the application of w the arch 
was deflected from § in. to }4 in., but on removal 
rose again to its former position without leaving any 
permanent set. 

The contractors, M.M. Eiffel and Co. were re- 
presented in eo by M. Joseph Collin, and the 
engineers engaged — in putting up the iron- 
work were . Emile Nouguier and Marcel 
Angevire. On behalf of the railway company were 
Sr. uel Affonso de Espregueira, the engineer-in- 
chief, and Sr. Predro Ignacio Lopes, the resident 
engineer on the fifth section of the line. 

e sball shortly publish a translation of a 
memoir prepared by MM. Eiffel and Co., giving a 
detailed and full description of the structure, accom- 
panied by calculations of weights and strains, which 
will be interesting to our readers, as a specimen of 
minute treatment of the subject, 
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TOBACCO AT THE PARIS EXHIBITION. 
No. I. 

Tue exhibits of tobacco at the Paris Exhibition, 
which are included in Classes 46 and 51, do not by 
any means represent the importance which is as- 
signed to it by modern industry and commerce, 
and which represents an annual expenditure of 
many millions, and of enormous additions to the 
revenue of almost every State. At the Exhibition, 
beyond the remarkable collection in the French 
Section, there are shown here and there samples of 
leaves and manufactured tobacco. In some countries 
tobacco constitutes the principal element of agri- 
cultural and industrial wealth, and in almost all 
nations its manufacture, whether a monopoly or 
free, would have offered valuable information 
had the machinery employed, and the products, 
been exhibited. It would be useless to attempt any 
categorical résume of the various exhibits connected 
with this industry, but it will be of some interest 
to give a general review or summary of this branch 





of industry but little known to the public, as well 
as statistical data more or less complete. With this 
object in view we may consider the subject from 
three points of view, the agricultural, industrial, 
and fiscal. Every one knows that tobacco is in- 
digenous to America, and that it was imported to 
Europe towards the end of the 16th century, but it 
is only about fifty years since the culture has been 
widely developed in this continent, where to-day, 
with the exception of this country, where its growth 
is forbidden ty the Government, it is cultivated 
almost universally either in a condition of absolute 
freedom, or under Government restrictions more or 
less rigid. The tobacco plant was introduced into 
Asia, Africa, and the East Indies about the same 
epoch that it became known here. 

Tobacco culture requires much care and favourable 
conditions for its successful development ; it de- 
mands a temperate climate, and arrives at its 
highest perfection in districts favourable to the 
growth of the vine. It exists in numerous 
varieties, the characteristics of which are more or 
less marked, according to the origin of the seed, and 
the influence of the soil and the climate. Leaving 
the classification of these varieties to the botanist, 
we may observe that for the manufacturer there are 
two categories clearly marked, the light leaves suit- 
able for the manufacture of ci and smokin 
tobacco, and the strong Saesenal teeven — 4 
for the production of snuff and chewing tobacco. 
There are many shades of difference in these two 
classes, indicated by the flavour and aroma, and in 
their leaves for the first named purposes, by the 
higher and lower shades of fineness and of resis- 


tance of the leaf tissue, and of its estes, 
ittle 


burning. The processes of culture vary but 

in ae country, The farmer, according to the 
care he bestows in in 
the selection of the seed} in the harvest- 
ing, and drying, produces better or inferior 
crops, depen of course on the’ nature of the 
climate and local influences. Until lately tradition 
and experience were the two sole guides which the 
planter possessed ; bnt now, thanks to the progress 
made in agricultural chemistry, certain absolute laws 
have been deduced, which it the cultivator to 
produce with almost unvarying effects the qualities 
most desired, combustibility and richness in nicotine. 
The long series of experiments made between 1860 
and. 1866 by M. Th. Schliessing, Director of the 
School of Applied State Manufactures, leave no 
doubt on this point. This celebrated chemist has 
shown that a natural tobacco is combustible’ when 
it contains a sufficient proportion of salts of potash, 
and that it is incombustible if the —— is in- 
sufficient, and that the test of combustibility or in- 
combustibility is the presence or absence of carbo- 
nate of potash in the ashes. From this observation 
he deduced the practical conclusion that to obtain 
a good burning tobacco (which is an essential 
quality for smoking) it was necessary to select a 
soil rich in potash, or to enrich the ground by 
potash manure, About 3001b. per acre are suffi- 
cient to fertilise the kind of ground. He 
showed equally that the.strength of tobacco depends 
on the amount. of nicotine it contains, and that this 
quality depends in its turn on four elements, the 
spacing of the plants, the number of leaves per 
plant, the position of the leaves on the stalk, and 
the time of growth. All other things being equal, 
the proportion of nicotine will be greater, the wider 
the plants are set apart, the fewer are the number 
of leaves left, the higher the latter are grown on the 
stalk, and the later the crop is gathered, Thus, 


the Lp sage of nicotine is reduced by 50 per cent. 
when the number of plants per acre exceeds 5000 
to 8000; it varies in the proportions of 1 to 1.27, 
and 1.72 according to whether 14, 10, or 6 leaves 
are left on each plant ; and finally, by gathering the 
Havannah tobacco, for example, fifteen days before 
it has arrived at full maturity, the proportion of 
nicotine is only 3 per cent., instead of 6 or 7 per 
cent., which is the normal for ripe plants. From 
these deductions it results that if it be desired to 
obtain mild tobacco, the plants should be grou 

more closely, the leaves be left more numerous, that 
in harvesting the foot leaves should be separated 
from those of the crown, and that the crops should 
be gathered some short time before the unmistakable 
signs of maturity are marked, The planter finds a 
great advantage in following these indications, for 
although the leaves are less developed, in proportion 
as the plants are grown nearer ther, it is equally 





sure that the weight of the crop increases by 60 per 


only to quote a few of the most striking figures, | gary. 


cent., and the number of plants is raised from 
5000 to 8000 per acre; while there is no real objec- 
tion to an early harvest, since the weight of the 
leaf increases scarcely by 10 or 12 per cent. from 
the time when it has reached its full devehopuiont, 
and when it arrives at maturity, that is to say, 
during a period of time varying from fifteen days to 
two months, according to atmospheric conditions. 
Thanks to the practical adoption of these rules, 
tobacco culture may insure products possessing 
naturally the qualtities required by the manufac- 
turer, without the latter being obliged to resort to 
artificial expedients to produce them. 

We have devoted some space to the consideration 
of these technical details, because they refer 
to the most remarkable advance made in the 
culture of tobacco during the last ten years, and it 
may be added that this is not the only instance in 
which precise science has been applied to industrial 
agriculture, as forexample in the excellent results 
which have been obtained in Germany and this 
country in the cultivation of the beetroot. We 
may, however, mention in ing the ingenious 
arrangements devised by M. Schliessing in his labora- 
tory in pursuing his investigations, and which are 
grouped in a part of the pavilion devoted to the 
exhibits of the Direction of State Manufactures at 
the Champ de Mars. These will be fully treated of 
on another occasion. 

After this general review of the principles which 
now govern the tobacco culture, we will proceed to 
consider the importance from an agricultural point 
of view of the various countries growing tobacco, 
and as far as possible the commercial importance 
resulting from it. 

1. Germany.—Tobacco is cultivated in most of 
the German States, but it reaches a real import- 
ance only in Prussia, Bavaria, the Grand Duchy 
of Baden, Hesse, and Alsace-Lorraine. In 1876, it 
ied an area of about 54,000 acres. To give an 
exact idea of the ition and extent of the various 
districts under culture it is n to eliminate 
the political divisions of the country, and to consider 
only th : arrangemént, when it will be 
perceived that the greater’ part of the production is 
concentrated in the valley of the Rhine (the Palati- 
nate and Alsace) and on the adjacent slopes, where 
it occupies about 37,000 acres, is to say, 70 per 
cent, of the total area, while it is almost xi/ in 
Wurtemburg and Bavaria properly called, and covers 
barely 12,000 acres in the @ountry situated to the 
north of the Maine, that is to say, in Ukermarck 
and in the flat plains of the Oder and the Vistula. 

The total weight of the crops when dry was 
81,700 tons in 1876 and 1877, and its value was 
about 653,000/. The yield per acre was about 
1300 lb. weight; {it should be remarked that the 
last-named year was in°many districts a bad one, 
and that the mean uction of the last six years 
amounted to 40,000 tons, havinga value of 1,080,000/., 
and that the average crop per acre was about 1500 lb. 
These German tobaccos are almost exclusively light, 
and of the classes known as the Palatinate and the 
Paraguay. Germanyis very far from being able to 
supply her requirements from her indigenous pro- 
duction, she imports on an average 48,000 tons 
of leaf-tobacco per year, having a value of 
4,000,000/., and it is from America whence she draws 
the greater part of this amount. The excess of 
importations of raw material over the exportation 
of finished products is about 3,000,000/. The 
tobacco culture is entirely free in Germany and is 
subject only to land taxes, 

2. Austria and Hungary.—In Austria as in Hun- 
, tobacco culture is a monopoly subject to the 
control of the Government, andit is developed only 
in the south of the Tyrol, in Gallicia, and through- 
out the whole of Hungary. 

The Tyrol produces only the strong leaves, and 
the crop amounted in 1876 to 3390 tons in a green 
state, or 587 tons after drying. ‘The market price 
was 4/. 16s., and 34/. after manufacture. 

Gallicia and Buckovine furnished two distinct 
kinds, one strong and known as Zeburther, cultivated 
in the environs of Zabletor, and the amount of the 
crop in 1876 was 2232 tons, worth 44,000/.; the 
other class grown is light and called Ungar- 
Sallizischer, cultivated near the Sagiel-Negar. In 
1866, 1700 tons of this tobacco were grown worth 
31,6002. 

Hungary is of all European countries the one where 
the cultivation of tobacco is the most extensive. The 
area under culture is about 150,000 acres, and the 
number of planters exceeds 50,000; it furnishes five 





distinct kinds of tobacco, known under the names 
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of Szyedin, Debreezn, Fiinfkirchen, Garden to- 
bacco, and Czerbel tobacco, in which may be in- 
cluded all the second-class varieties or brands, which 
take their names from the villages or districts in 
which they are grown. These tobaccos for the 
most part are manufactured for pipe-smoking. The 
planter cultivates for the Hungarian and Austrian 
Administration or for exportation; the amount 
received by the former in 1875 was 57,740 tons, 
and the price paid was on an average 19/. 3s. per 
ton. The average yield per acre was 850 lb. The 
amount grown for exportation does not exceed 
1000 tons per annum. It is important to note that 
nowhere except in Hungary are the varieties in pro- 
duction so striking ; thus from the effect of ome 
season, or under theinfluence of political or commercial 
depression, theimportance of the crops, both for home 
consumption and exportation, which averages 45,000 
tons a year, fell to 11,000 tons in 1863, to rise 
again to 80,000 tons in 1865, to fall to 15,000 tons 
in 1869, and immediately after to rise rapidly and 
more steadily. Neither of the two Administrations 
of Hungary or Austria have exhibited at Paris, 
but the tobaccos of the country are shown none the 
less at the Champ de Mars, thanks to Mr. Sigis- 
monde de Schlossberger. Austria, like Hungary, 
imports a considerable quantity of tobacco leaf from 
America, India, and especially from the Levant. In 
1876 the Viennese Administration purchased 9220 
tons at an expenditure of 700,000/. 

3. Belginm.—In Belgium the tobacco is not sub- 
mitted under any Government regulation ; it is culti- 
vated especially in the Flemish districts, which are 
adjacent to the Department du Nord; the production 
scarcely exceeds-2000 tons, while the importation 
rises to the considerable figure of from 6000 tons to 
8000 tons. 

4. France.—The culture of tobacco is authorised 
under special agreements in nineteen departments 
either for the growth of one or of varied classes ; 
the former are produced in the Nord, the Lot, 
L’Isle et Vilaine, and the latterin the Pas-de-Calais, 
La Meurthe, La Moselle, La Dordogne, L’Isére, &c. 
Each of these classes is represented at the Champ 
de Mars in the pavilion of the State Manufactures, 
by two specimens, the one of flattened leaves, in- 
tended to show clearly the physical characteristics of 
each variety, and the other in mass. One ticket 
indicates for each department the number of acres 
under cultivation, the number of planters, and the 
weights of the crops. From this data it will be seen 
that the principal centres of cultivation are the Lot 
et Garonne, the Dordogne, Le Lot, Pas-de- 
Calais, the Nord, L’Isle et Vilaine, Gironde, and the 
region of Savoie, the annual production exceeding 
14,000 tons, and representing a value of 480,000/. The 
area cultivated is about 32,000 acres and the number 
of planters is 35,000, The mean yield per acre is 
1300 lb. for light tobacco and from 800I1b. to 2000 lb. 
for the strong varieties, according to the localities in 
which they are grown. In Algeria, where the 
industry is absolutely free, the production reaches 
7000 tons, of which about half is bought by the 
Administration. The collection of raw material 
exhibited by the Administration, in which are also 
shown the principal varieties of foreign growth 
which the Administration employs in its manu- 
facture, is completed by specimens of the various 
modes of packing, and also by a botanical guide of 
great interest, in which are classified scientifically 
nearly all known varieties of the plant under con- 
sideration. 

5. Greece.—Tobacco culture in Greece is concen- 
trated in Thessaly and Argolate. This tobacco has a 
very close resemblance to that of Volo, but it is less 
carefully looked after, although the specimens which 
are sent by Greek exhibitors to the Champ de 
Mars leave little to be desired as far as preparation 
of the leaf is concerned. The tobacco is either used 
where it is grown, or exported to countries on the 
Mediterranean—Algeria for example. The Adminis- 
tration and western commerce employ only very 
limitied quantities. 

6. Holland and her Colonies——The production of 
Holland reaches nearly 6000 tons per annum. She 
grows entirely the strong varieties of leaf of which 
quite a considerable portion is sent to Austria, Italy, 
and Germany ; but her colonies, Java and Sumatra, 
furnish by far the larger portion to the Dutch 
markets, the colonial production amounting to an 
average of 140,000 bales, or about 12,000 tons. 
This class of tobacco is well adapted and largely 
used for the outsides of cigars, and it commands 


— — as good as the superior’ Havannah 





7. Italy.—The growth of tobacco is under Govern- 
ment control in Italy, where the industry is a mono- 

ly ; it is concentrated chiefly in the environs of 

énévente, Pontecorvo, and Chiarvalle, Little else 
but the strong tobacco is grown, and the average 
weight of the crop is 4500 tons, worth 96,000/. 

8. Spain and her Colonies.—But little tobacco is 
grown in Spain, while it forms one of the chief 
industries in her colonies of Cuba and the Philippine 
Islands, from the first of which the whole world is 
supplied with the finest leaves. The Havannah 
brands have not their equal in any country, and it 
is only by very careful treatment and skill in the 
process of manufacture, that we are able in Europe 
to — cigars approximating to them in taste 
and aroma. A certain number of the chief manu- 
facturers of Havannah, such as Carvajol, Partagas, 
Baetz, &c., are represented at the Exhibition, and 
they are authorised even to sell. within the Cham 
de Mars specimens of their production. It would, 
however, be an error to suppose that the whole of 
the tobacco grown in Cuba is of superior quality. 
The district called Vuelta-Abajo alone produces the 
famous brands which are so universally sought after, 
and the price of which exceeds 6s. or 7s. per pound. 
The other districts grow only average and common 
qualities. 

The total production of tobacco produced by 
Cuba is 15,000 tons, of which one-third is grown in 
the Vuelta district and the remainder is distributed 
about equally between the Partidos, Remedios, 
Yare, and Gibaia districts. 

As for the Philippine Isles, which produce the 
well-known Manilla tobacco, the Spanish Govern- 
ment which controls the-i sells annually to 
the extent of about 1,600,000/., both for internal 
consumption and exportation. ; 

9. Russia.—Tobacco culture in Russia is com- 
pletely free, it is developed chiefly in the districts of 
the Saratov, in the Uckraine, Bessarabia, and in the 
Caucasus. The area under cultivation is about 
100,000 acres, and the importance of the crop is 
such that some 50,000 tons of tobacco are produced 
annually. Russia exports about one-tenth of her 
tctal production, principally the tobaccos of the 
Uckraine, which are purchased by the Administra- 
tions of Austria, Italy, and France, and by the 
private manufacturers of Germany and other 
countries. Russia imports large quantities of Turkish 
tobacco, employed in the manufacture of cigarettes, 
principally of those so well known under the brand 
of Laferme. 

10. Sweden.—A considerable quantity of tobacco 
is grown in Sweden, and the consumption is 
large in regard to the population. he first 
official records on the subject were made in 
1780, when there were 72 factories in activity, 
employing 677 workmen, who produced 236,616 1b.* 
of smoking tobacco, 997,033 lb. of chewing tobacco, 
and 367,762 1b. of snuff, or a,total of 1,371,411 lb. 
During the next fifty years only five additional 
factories were established, while the number of 
hands was only eighteen more than in 1780. But, 
on the other hand, the production had more than 
doubled, and amounted to 2,956,175 lb. In 1830 
the manufacture of cigars was commenced in Sweden 
and 7180 1b. were made. In 1876 there were 109 
factories, giving employment to 3626 workmen. 
During that year the amount produced was as follows: 
smoking tobacco, 1,065,060 lb. ; chewing tobacco, 
2,023,367 lb.; snuff, 7,562,152 lb.; and cigars, 
1,377,849 lb.; being a total of 12,028,428 lb., and 
representing a total value of 604,000/. The princi- 

al factories are situated in Stockholm, Gothenburg, 
ffaimé, and Norrképing ; the lorgess works are those 
of MM. Heligren and Co., of Stockholm, who produce 
10 per cent. of the whole manufacture, ‘Tobacco 
culture is chiefly developed in the neighbourhood 
of the large towns. As it is not subject to any 
Government control the total production is not 
known; in 1870, however, 213 tons were grown 
around Stockholm, and 128 tons near the town of 
Kristianstad. The industry was first introduced 
towards the middle of the 18th century at Ahus, in 
the district of Kristianstad. At Ahus the average 
yearly production is about 170 tons. In 1876 there 
were imported into Sweden 3400 tons of tobacco 
chiefly in the form of leaf, but this amount includes 
also a comparatively small quantity of cigars. ‘The 
total amount manufactured in the same year was 
5140 tons, so that the difference of 1740 should re- 
present the quantity of native tobacco which finds 
its way to the factories, But besides this, a large 





* One pound Swedish is .937 lb. avoirdupois. 





quantity is dried and treated for home consumption 
by the provincial population. 

ll. Lonnie ae plants about 5000 acres. 
and’ produces annually about 1000 tons, consumed 
entirely within the country. ; 

12. Turkey in Europe and Asia.—All the provinces’ 
of the Ottoman Empire produce tobacco of very 
varied qualities. Th race, Upper Macedonia, 
and the districts on the of Marmora furnish only 
very ordinary qualities; while the rich valleys of 
Macedonia produce the fine and aromatic tobaccos, 
so highly appreciated amongst all,true connoisseurs, 
The same remark applies to the Asiatic provin 
where, beside the coarse wths of Smyrna an 
Ismid, we find the first-class brands of Samsoun 
and Latakia. _ It is difficult to estimate exactly the 
production of Turkey; however, it will be within the 
mark to give the weight of an average annual crop 
at 30,000 tons, of which 15,000 tons are grown in 
Roumelia, 1300 tonsin Anatolia, and 2000 tonsin Syria. 

13. India.—It is only recently that Indian to- 
baccos have come in appearance in the European 
market, where their low price now commands#for 
them a ready sale; andwA’ Germany, France, 
and Italy purchase” considerable quantities’ ‘for 
manufacture.  " . : 

14. China and Japan.—It is almost entirely as 
specimens that Chinese and. Japanese tobaccos are 
found in ts ram quantities, however,.are 
sold in Engla: 

15. United States.—The United States of ‘North 
America must be re ‘as the great tobac 
growing country of the world. . The are ex- 
tremely varied, from the light tobaccos of d, 
Ohio, Connecticut, and Pennsylvania, to the heavier 
ones of Kentucky and Virginia. The area‘ tinder 
cultivation in 1876 was nearly 550,000 acres, of 
which about one-third is in the state of Kentucky. 
The weight of the..erop for the same~year was 
172,000 tons, having a value of 5,640,000// The 
average production’ per acre’ is about 1200 Ib."for the 
kinds called seed-leaf, and only about 600Ib. for 
the classes called leaf. ype 

16. South America.—Among the products of South 
America, mention must be made of the tobaccos of 
Varinas, Ambaleina, Carmen, P. 

Rico, and St; Domingo; of all of which D 
and England Gonsume: large < 
most important are the 
Grande, which find 
and. Hamburg..; In Brazil the most extended cul- 
ture is f ‘the province of Bahia, where from 
10,000 to’ 15,000 tons aregrown annually, * 

Besides the ¥arious:countries which we hayemen- 
tioned, there are others. of which a brief mention 
may be made, but where the production is very 
limited, suchas Portugal. This country especially 
has contributed a interesting collection to 
the Exhibition. Im conclusion, it will be seen from 
the figures which have been given in the course of 
this article that tobacco culture is a source of 
enormous national wealth, and that the annual pro- 
duction throughout the world cannot be less than 
500,000 tons, which represent a value of more than 
24,000,000/., without taking into consideration the 
very large quantities of which statistics are not 
available, especially in those countries where the 
industry is not subjected to Government supervision. 
In our next article we will deal with the various 
processes involved in the transformation of the raw 
material, and show how, thanks to the assistance of 
chemistry and mechanical appliances, manufacturers 
and engineers have developed the tobacco industry, 
which however simple it may appear at first sight, 
ais reality so important a branch of modern scientific 
ndustry, 

And this part of the subject will lead us to con- 
sider especially the admirable collection in the 
Pavilion of the Champ de Mars devoted to that de- 
partment of the French Administration which con- 
cerns itself with the manufacture of tobacco in all 
its varieties, 


EXPLOSIVES AT THE PARIS 
EXHIBITION.—No. II. 
In soft grounds, clay, marl, &c., dynamite is em- 
loyed in the following manner: A hole is made 
seve lin. to 1.5 in. in, diameter, and from 8 ft. to 
1l ft. 6 in. in depth; a dynamite i is 
dropped to tke bottom of this hole, which, in ex- 
icine, forms a spheroidal chamber ; this chamber 





enlarged oy means of other — until it 
can hold 4} b., 11 lb. or 22 Ib. of dynamite, 
to. need, and it is then filled with the 


according 
No. 3 explosive. This manner of operating can 
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be used instead of that which consists in making 
chambers by means of chlorhydric acid, when the 
rock does not present much resistance. 

In order to economise the material, use must be 
made of long ch For coal, a cartridge half the 
diameter of the hole is used. In this way the blocks 
can be split and shattered without pulverising. 

For blasts in galleries, the p ing rules should 
be followed, and preference should be given to 
dynamite No. 3. The closing of the galleries by means 
of masonry is insufficient, the whole of the oe 
8 must be filled with wet sand, thrown up wit 
the shovel, and sustained at intervals by strong 
timbers. 








The firing of a large charge of No, 3 dynamite 
should always be done by means of a cartridge of 
dynamite No. 1, tarnished with a strong cap.* 

Bursting Charges.—When it is desired to shatter 
a body by means of dynamite, it is first of all neces- 
sary to insure between the dynamite and that body 
a close connexion, and also to multiply as much as 
possible the points of contact. The effect will 
always be greatly increased by placing on the 
opposite side of the substance to be shattered a 
resisting force, as for instance masses of stone or 
timber strats. 

If it is required to shatter a piece of wood or 
a tree by surrounding them simply with the car- 
tridges, it will be necessary to employ the following 
charges of dynamite No. 1: 


oz. in. in. in. 
= for a block of 4 by 4, ora tree of 4 in diameter 


” ” %” ” 


pk eat Sa gee 
105 ” ” 16 ” 16, ” 16 ” 

A large saving in the 2 will be made by 
drilling the substance for half its thickness, and 
filling the hole for one half of its length. In- 
ome | of baving one hole, several can be made 
converging in such a way that the whole of the 
charges explode simultaneously by the action of one 
cap. Then the following charges only will be 
necessary : ; 

8.5 oz. for a diameter of 8 in. 

- ” ” 16 - 

~ ® In preparing ry for a blast, ‘the charge should 
be divi ied —. apes more bers, and the different 


” ” 








In order to break a a iece of iron, the 
charge is placed on the wider side, so as to occupy 
the whole of the width. This charge increases 
with the thickness in the following manner : 


For a width of 40 in. Thickness. 
in. 
No. 1 dynami 132 1b r 
0. ite -32 Ib. me iad 4 
5.28 Ib. ane me .75 
$3 Ib. RA 2 


132 Ib. ove ‘ie 4 
To destroy a wall the best method is to place the 
charge at the foot to a depth equal to half its thick- 
ness, and to pack the s above tightly with stones. 











cartridges should be joined by a a formed of 


metallic tubing filled with dynamite cartridges. 





For a wall 20 in, thick it would be necessary to 
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With dynamite : £s.d. 2s. d. 
5.5 oz. d  — ao #22 
Drilling holes, 28 hours .. 0 5 3 }o 6 5} 
Fuses fea i ant? Oe 
With powder : 
2Ib. at nae A 020 \ 
ny | i es, ours 1 411 >1 7 2 
Fuses, 28 ft. 00 3 . 
With 4. ite : 
.972 Ib. dynamite ... — oa 
Drilling holes, 57 hours ... 013 0 >015 2 
Fuses, 16 ft. at wo 0 0 & 
These figures are taken from a net on the 
construction of tunnels by M. Schoen. In using 


dynamite, a deduction may be made as compared 
with powder as follows : 
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lace at intervals of 3 ft. about 200 lb. of explosive. 

y using electricity in such a way as to cause the 
charges to explode simultaneously for the whole 
length of the wall, a more useful effect will be ob- 
tained. 

The following are a few of the comparative results 
obtained between the use of powder and dynamite 
in Germany during the last few years : 

1. Construction of a gallery in hard schist. 

Height 6 ft. 6 in. 
Breadth 4 ft. 11 in. 
The expenses per yard were: 


eer F £sda. £28.d 
6 lb. of powder 08 0 
Hand labour, 27 days 25 0 }213 e 
With dynamite : 
11 Ib. of dynamite... oo 018 025 6 4 
Hand labour, 17 days a. 8.4:35- 


2. Construction of a gallery through quartz having the 
same dimensions. 


With powder 
13.2 Ib. ove ~ 063 }e “7 
Hand work, 30 days 28 4 
With dynamite : 
6.6 Ib. dynamite eee 010 6 1 18 0 
Hand work, 17 days ci en 
3. Cutting in syenite of medium hardness. 
With ss per cubic yard : 
‘ . den om SS. 
illing holes, 22 hours... 0 3 8 >0 4 33 
Fuses, 8 ft.6in. ... ~~ . 2.6.3 
With dynamite : 
Ib. ... om 6 0 010 
Drilling holes, 11.75 h. 0 111 >o 210 
Fuses, 4ft.,twocaps, .. 001 


4. Cutting in granite—hard syenite. 
wder per cubic ao | : 


With 
1.5 lb. of powder ... -- 0 010) 
Drilling, 55 hours ... 010 3 }o ll 3 
Fuses oie ion 00h 











Le Hen 
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For galleries in hard schist ... ad loi 13 
99 os quartz ... oes ase 31 
For cuttings in syenite of medium hardness 35 
od 2” »» very hard ... “ 43 


” ” granite one eee aoe 44 

It may be assumed that hand labour is di- 
minished from 40 to 50 per cent., which represents 
in time a diminution of one-half. In order to apply 
these prices to works undertaken in France, all the 
values should be modified ; blasting-powder may be 
estimated at about 1s., and dynamite at 2s., 2s. 6d., 
and 3s. per pound. Hand labour should also be 
augmented; but the relative prices of the works 
would not be sensibly modified. 

The following are also results given by some 
mining administrations in Germany : 

1: Trench in the Graywacke, 11 ft. in width, and 8 ft. in 
depth. With the powder per metre : 


31 Ib. of powder. £s. d. 
30 days’ work. 
Total ex eve ran 212 0 


With No. 1 dynamite: 
14 Ib. of — 
19 days labour. 
Total expenses ... ned aa on 2535 0 
(Administration of the mines of Witterberg, Salsburg-) 
2. Gallery in dolomite. 
Per cubic yard. With powder : 
32 lb. of powder. 
393 ft. depth of gallery. 
Total expenses ... on 
With dynamite : 
13 - . Mn pe 
252 ft. depth o ery. 
Total expenses = all id ons 417 0 
3. Sinking shafts through dolomite ; Administration of 


516 7 


the Schwarz, prices agreed upon per cubic metre. 
By — Gee ie ae 
By dynamite ove exe 918 0 














Se) 
vA 
ea 
(2) 
ea) 
2 
© 
a 
(2) 








ou} WM popofdxe sem ourul v ‘wLABIO;Y Ut ‘vIseI07], 
~S80I4) JO souTUI oq} uy ‘9987 svod on} SuLUDG, », 

“SIAVIOYY Ul S10 UOT! JO U0} 

-0814x9 OY} JO oyrurvutp jo yuowfojdwe oy} uodn 

‘p81 ‘Sxenigeg JO YF oy} WO sMoOTIO; Se pozsodar 
‘suuat, 4 ‘shvmpwy jo Ajopog [vedmy ey, 

“MOGT JO SINOY 0006 38¥2] 9% PeaToAuT oavy 

plnoa 41 ‘pesn us0eq peyq sepaod Zuyse[q uous 

froukoy 04 Surpicooy -oyrmeufp Zurfojdure ‘moqr] 

JO SInoYy OOPS ‘uoModut0o #71 Joy 4800 ‘joavid pus 















































pues jo spied o1qno 000‘8[ pue ojraer3 preg L104 eee 0} Lregsadau ATO SVM 4 4eqQ9 O8 4I UL PUNO; o19am 
jo spref o1qnd Q00'9§ peureyuoo qorys Zuryyns y a ie i ee ae SamMssy sNOIIUMN “YOOTG 81q3 paqoujep erare <p 
he ee cee om ggnggogzgr | LON JO “41928 WM “Aajommp ur “ur fst pue 
8 1 TL 0 eqrmeatp Jo “qq 62% qidap at “urg “359 CUM YW yySIeq UT “UOT “36 
Sto i M Camg BIg Ws Ist : “ow suomrar ‘sup gp =| Aq “qaptorq ur “ar & “45 9G ‘HISaa] Ur “arg “4565 
OOlp od “al OTL ps Fe qnoge SBA YOO[G SIG], “Spu y30q wWoIy peouamU0d 
009°" “" “*  ~ gaomTUn “sfep OFZ : SMOT[OJ | oztueIT oy} UT ArOT[eds v JO pouredter quqa Uorso;dxe 
Ps “F SB SUM FIOM SIG} JO 4809 OY], “q}PIA UI “UI [TT OF | ou peli og be Aress9990 SVM 4T,, “Hor Zayseypq ur 
: 190q OABY P[NOM 4809 04} ‘posn u92q | “UI J WIOIZ JO YORIO V SBA o1aq} a[pprar oq} UT | syueurredxe Farmos[oy 0G} Jo 8} [NSAI 093 sats ‘Baran 

peq sepaod Zayse(q ft ‘oukayy ‘W % Satpio9y =| “sy uamFexy [pears 07 YOo[q 94} oonpar 0} siaMUeY esn | UO yI0M sIY Ut ‘tadUIFUa UeULIED & ‘audazy “PY 








U 





| 
} 


(‘69p ebug a08 ‘uoudrsosagy 40,7) 
‘AUNGAS ‘UWANIONGD ‘AATAS NVWUON ‘UN AO SNDISUGC BAHL NOU AALONULSNOO 


SWIVM HILOOS MUN ‘AGATHY DONTYVIO AHL NO LVOMONL WOT ANIONA ANNAOdMNOO 











i a I Ty AE 





468 


ENGINEERING. 


[June 14, 1878, 





ordinary blasting powder. Thirty-one hundred- 
weights of powder were used, and with this quantity 
about 8000 cubic yards of magnetic iron ore were 
displaced, 

** After removing the débris another block about 
28 ft. in length, 21 ft. in width, and 25 ft. in height, 
containing some 500 yards remained. Following the 
practice referred to in 1866, another mine was m 
to shatter the block ; only powder was not used on 
this occasion; dynamite, the then new explosive 
material having been tried. 

“The charge was composed of 8 ewt. of dyna- 
mite No. 2, and the length of the fuses was 23 ft. The 
explosion took place 29 minutes after these were 
lighted. The combustion thus must have taken 
place 1.26 ft. per minute, ‘The detonation was not 
very great, butimmense blocks of stone were thrown 


This explosion was produced with less than 900 Ib. 
of dynamite No. 2, and it removed some 500 yards of 
ha ranite combined with iron and magnetic ore, 
as well asa weight of almost 8000 tons, giving 1 lb. 
of dynamite per 9 tons of rock, which appears 
to be a very favourable result. The cost amounted 
to 115/. for making the borings, providing the dyna- 
mite, and charging the mine. 

The blast made in 1866 with powder, and in which 
81 ecwt. of explosive were used, broke down, as 
stated above, about 8000 tons, giving a proportion 
of 1 lb. of powder to 2.5 tons of rock. 

The power of the dynamite No.2 as compared 
with that of ordinary powder is therefore as ] to 
3.6. From the foregoing it would appear that by 
the use of dynamite instead of powder a saving of 
50 per cent, of material and 100 per cent, in time 
may be relied on, 

The following are a few of the practical applica- 
tions of dynamite : 

1. Blowing up Submarine Rocks: Fishing with 
Dynamite.—Powder is so difficult to employ in sub- 
marine works, that the use of dynamite is rendered 
almost obligatory. ‘The use of this explosive is so 
simple, that in reality there is no rule to be indicated 
in its employment. It is only necessary to place on 
the rock to be shattered, a charge of $ lb. to 3 1b. of 
dynamite, according to the work which is to be per- 
formed, If, however, it is ible to place the 
charge in holes or crevices of the rocks a better 
effect will be produced. The charges can be placed 
in zinc or tin cases, but if they are not intended 
to remain long under water itis sufficient to envelop 
the cartridges in a paper or a tarred cloth. The 
charge is fired by electricity, or with an ordinary 
fuse of gutta-percha, The only caution to be 
observed is to shelter the fulminate in the cap from 


exposure. 

Blowing up submarine rocks led up to the idea 
of fishing with dynamite. It is noticed that after 
an explosion, the fish which happened to be within a 
certain distance arrive at the surface of the water 
completely stupefied. This explosive can therefore 
be used for fishing, but it is very destructive, and 
generally forbidden, but it may however be useful 
in certain cases, as, for instance, when it is necessary 
to clear ponds filled with weeds where the fish find 
inaccessible retreats. 

2. Exploding Sunken Vessels.—To illustrate the 
processes followed in this class of work, we will give 
a brief description of the operations for the destruc- 
tion of a vessel sunk at anchor at Mohac, Hungary, 
and which succeeded perfectly (see Figs. 8 to 10, page 
466). The vessel was 72 ft. long, and 19 ft. 8 in. in 
diameter, The depth of the water was 16 ft. 4 in., and 
the speed of the current was 4 ft. per second. To 
make certain that the cartridges were in right position, 
and to bring the exploding apparatus to the surface, 
piles 16 ft. 4 in, long were first driven as near as 
possible to the places where the blasts were to be 
fixed. The latter were enclosed in zinc cases. 
There were sixteen charges in all, eleven in the 
interior, and five outside the hull, each holding 13 lb. 
of dynamite. The cartridges were arranged, as 
shown in Fig. 10, with rapid firing lines, which were 
all united in one at the surface of the water. The 
explosion of all the charges took place simulta- 
neously, the vessel was entirely destroyed, and the 
soundings indicated a greater depth than 19 ft, 8 in. ; 
220 Ib. of dynamite were used. 

3. Breaking up Ice.—In breaking up ice it is gene- 
rally sufficient to place a charge of dynamite on the 
surface. With 7 lb. contained in 3 wooden box 
laid on a piece of ice from 17 in. to 19 in, in thick- 
ness, holes 8 ft. 10in.in lengthand 1 ft. 11 in. in width 
have been made. Good effects are also obtained by 
causing the cartridges filled with a fuse to rise up 
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underneath the surface of the ice by means of a 
float. Cartridges of from 4 oz. or 5 oz. are sufficient 
to shatter ice 10 in. or ll in. in thickness. 

To prevent the charges from freezing they are 
carefully surrounded by pitch and any non-conduct- 
ing body, such as sawdust. 

4. Destroying Timber and Stumps.—Dynamite is tre- 

for cutting down timber, but for stand- 
ing wood there appears to exist little advantage in 
this application except as regards economy in time. 
Under ordinary circumstances the saw is much more 
economical. Piles driven in a river may be destroyed 
with great ease. If they are above the surface a 
vertical hole is made in them, If on the contrary 
they are at the bottom of the river, the cartridges 
are lowered to the required depths by means of a 
piece of wood, taking care at the same time that 
the charges touch the obstacle to be destroyed, by 
means of a hoop encircling the pile. 

In dealing with stumps a hole is made with a drill 
in the root, where it offers the greatest resistance ; 
and this hole must be drilled in the strongest part 
of the root, if the stump berotten, The most im- 
portant point in all cases is that at the bottom of 
the hole there is a resistance equal to the re- 
sistance of the sides; without this the blast takes 
effect in the weakest direction and the result is 
trifling. It is very difficult to give rules for such 
an operation; the following are, however, a few 
indications. The hole should be made to a depth 
of three-fifths of the diameter of the root; for a 
depth of 2ft. 7in. a hole of lin. in diameter is 
necessary ; above this a diameter of 1} in. 

Charge for a trunk of 1 ft. 3in. in diameter, 1.76 oz. 
90 2 ft. 6in 4.22 oz. 

Dynamite No. 1 should be used, and rammed to 
produce a sufficient resistance. 

5. Bursting of Guns and Shells—To burst a gun 
in order to reduce it to pieces (Fig. 11) place the 
piece in a trench and fix it muzzle upwards ; place 
in the mouth of the piece two cartridges, attached 
to a wooden strip, the strongest charge being at 
the bottom and the other above the trunnions. ‘The 
charge should be proportioned to the weight of the 
gun—] oz. of dynamite per pound of metal for pieces 
of medium size. Two-thirds of the blast are put 
at the bottom and one-third in the middle; the 
cannon is then filled with water and the mouth 
closed by means of a wooden plug through which 
pass the wires to the battery. The gun may thus 
be burst into 90 or 100 pieces. Instead of trying to 
burst shells which have missed fire, the best way is 
to shatter them with dynamite. 

The projectile being broken by the explosion of 
the dynamite the powder burns freely in the air. 
Three can be operated upon at once. Two shells 
are placed side by side, and the third is placed upon 
them. The dynamite is then piled up between 
them in the interstices formed in such a way as to 
be in contact with all three ; the charges may vary 
from ] oz. to 40z. according to the size of the shell. 

6. Breaking Down Coal.—Dynamite is used for 
breaking coal not only to economise _ hand- 
labour, and to secure a more rapid production, 
but also to obtain lumps and diminish the cost ; 
if the two first results are easily arrived at, it 
may not be so with the third, as the operation 
requires much care and special skill. It is not, 
however, doubtful, that economical results can 
be obtained, and this means is used very largely 
at present in some mining districts of Germany 
and Austria. The method consists in employing a 
heavy blast in such a way as to cause the break- 
ing up of large masses of coal. This effect is ob- 
tained by using only No. 3 dynamite, by moderating 
the blasts, and by making mines, with extended 
charges, in such a way that the dynamite cartridges 
are smaller than the hole of the mine. 

One of the advantages of the use of dynamite in 
mines is the relative security which it gives as com- 
pared to powder, by the ignition with the latter, 
of the explosive gases which may exist or be 
liberated. 

7. Clearing Land.—The employment of dynamite 
for the use of forests cannot be justified except 
under pressing circumstances; in ordinary condi- 
tions the hatchet and saw are more economical. 
It is not the same with the extraction of stumps, 
which remain after the first clearing; but even in 
this case a good result is only obtained in case 
of the work presenting especial difficulties, such 
as scarcity of hand labour, difficulty in taking up 
stumps, very hard timber, roots knotted strongly 
among rocks, impenetrable woods, &c, 

In removing stumps, the preceding rules will be 





followed ; at the same time the following observa- 
tions may be added: 

All stumps must be quite disengaged before the 
explosion, and small roots cut by hand, or by means 
of small blasts. The mining holes should 4 made 
with an augur from lin. to l}in. diameter. The 
hole can be made at a rate of Qin. to 3in. per 
minute, _The blast of No. 3 dynamite must equal in 
ounces the number of inches in diameter of the 
stump. With stumps not disengaged, nearly a 
double charge is required. 

The charge must be rammed down with earth or 
moss ; for 100 stumps of medium thickness, 20 hours 
of work will be needed for the different operations ; 
drilling the holes, charging, ramming, and lighting, 
together with 181lb. of dynamite, 100 caps, and 
328 ft. of fuse. 

To clear a turf bed, the blast of dynamite is placed 
against the roots, and then the stumps are torn away 
by mechanical means. The charges are calculated 
according to the size of the roots by the rules which 
were given for the breaking up of pieces of timber. 
In this case dynamite No. 1 must be used. 

8. Land Cultivation—The use of dynamite for 
agricultural purposes is very recent, and it would 
be impossible to give correct rules for its em- 
ceagpee | very interesting trials have, however, 

een undertaken in Austria recently, which have 
given most remarkable results. Unfortunately, that 
which has been possible in Austria, where dynamite 
free of taxation can be transported through the 
whole country by means of railways, becomes im- 
possible in countries where the substance has an exag- 
gerated value, on account of taxes, and by the difli- 
culties of transport, The chief use of the explosive for 
land cultivation is to break up the lower surface of 
the ground to a certain depth. By means of the 
ordinary methods, while only 2 ft. or 3 ft. are 
reached, by the use of dynamite the earth can be 
shaken and opened up to the air for a depth 
from 6 ft. 6 in. to 9 ft. 9 in. The following is one 
mode of conducting this operation : Holes are made 
about 2 in, in diameter, at a distance of 13 ft. apart. 
To make these holes stakes of hard wood are used, 
shod with iron (Figs. 12 and 13). One workman 
holds the stake while another drives it in with a 
mallet. To withdraw it the handle of the mallet is 
passed through a ring on the stake, and which is 
turned round and round. If it is required to reach 
a great depth, stakes of different lengths can be 
used, and their diameter may be diminished. Ona 
soil of medium resistance, the charge will be of .5 oz, 
of dynamite No. 3 foradepth of 6 ft.6in. Atleast 
3 ft. 3 in. of earth must be placed over the charge 
for tamping. Firing should be effected by electricity, 
in order to produce a simultaneous explosion ameng 
a great number of mines. In this way the cost 
is diminished from one-fourth to one-fifth. This 
work can under favourable circumstances be per- 
formed from 10/. to 12/. per acre. 

9. Destruction of Insects.—By analogy it may be 
assumed that, since the explosion of a charge of 
dynamite in water, causes the death of fish which 
are within a certain radius, it will also be possible 
to destroy in the earth itself, by the same means, 
animals of a more delicate organisation which come 
within the influence of the shock. This operation 
seems to have succeeded in certain cases for the 
destruction of some insects, and more recent trials 
lead to the hope that it will be also used effectually 
for the destruction of phylloxera. The operation does 
not differ in any case from the process before indi- 
cated for deep culture. Experiments will show 
the best depths to which the holes should be made 
and the charges used, It is evident that the holes 
should be placed in such a way as to prevent as far 
as possible the destruction of the roots of the vine. 
On the other hand, in woods cleared by dynamite, 
it has been remarked that vegetation has been 
greatly stimulated by the effect of the explosion in 
lightening the soil. 

10. Ignition by Electricity —Theuse of electricity for 
igniting mines enables groups of blasts to be fired 
simultaneously, and at any required distance from 
each other. ‘This method is also advantageous when 
the mines are in difficult positions, as, for example, 
in the sinking of wells, or in operations under water 
Several simultaneous explosions produce greater 
effects than consecutive ignition; thus, if the 
charge be fired against a wall or vertical ditch, 
the mining tubes should generally be placed at a 
distance of one and a quarter or one, or a half of 
the length of the line of least resistance; with 
simultaneous combustion this distance could be 
made twice the length. 
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The different appliances necessary for ignition by 
electricity are : 
1. The exploder. 
2. The wires. 
3. The fuses or caps. 

]. One exploder which may be mentioned is that 
of Breguet, which is perhaps the best known 
(Fig. 14), and is the one generally used in France 
for this work. 

Itis very convenient, easily transported, and always 
ready for use, without requiring any preliminary 
adjustment. The smallest model, which is light, 
can fire three or four charges, and costs 4/, With 
machines costing 8/. and 12/. from eight to fifteen 
charges can be ignited simultaneously. 

The use of the Breguet exploder is perfectly safe, 
as the lock X prevents the apparatus from working. 
To use theinstrument the two extremities of the 
wire are held by the terminal screws and held there 
securely. The lock is then withdrawn, and a blow 
on the key B is sufficient to cause the explosion. 
Care must be taken that the extremities of the wire 
connected to the machine are quite clean, so as to 
insure a perfect connexion between the metal of the 
conductor and the metal of the contacts. If the 
wire be covered with cotton or gutta-percha, it is 
necessary to remove it. 

The conductors are generally made of copper 
covered with gutta-percha, or of brass formed of 
several strands covered over with an insulating sub- 
stance, generally of gutta-percha, and enclosed in a 
wrapper of cotton or tarred jute. The thickness of 
the wire varies with the distance through which it 
operates. The principal conductor, which does not 
suffer from the explosion, and can be used again, 
must be distinguished from the auxiliary conductors, 
which connect the fuse to the principal wire. 
These conductors are lost in the explosion. In ordi- 
nary circumstances the conductors consist of two 
wires covered with gutta-percha, and for the 
principal conductor, a copper wire formed of seven 
strands. The joining of the auxiliary wires to the 
principal one should be made with great care by 
uncovering both parts; they must be in perfect 
contact, and the same remark applies to the 
auxiliary wires attached to the fuse. Ordinary 
commercial wires are sufficiently insulated to act 

. perfectly under ali ordinary conditions. 

Electric Fuses. —The electric fuse is made up of a 
dynamite cap and fuse, and of a cap ignited by the 
electric current setting fire to the fulminate in it. In 
case an exploder of low tension is used the cap is re- 
placed by a thin piece of platinum wire which heats 
under the influence of the current and fires the 
cap, but if the Breguet, or magneto-electric exploder 
—an apparatus of high tension—be used, ignition 
is produced by a small spark which drops on an 
Abel cap. 

Thus the electric fuse for the Breguet igniter is 
composed of the dynamite cap in which, besides the 
ordinary charge, is placed one of the Abel caps, fixed 
by means of gutta-percha. From the Abel cap and 
the fuse come the two wires which are united to 
the auxiliary cenductors. 

11. Arranging Mines.—Instead of the dynamite cap 
and fuse used in ordinary firing there is placed in the 
cartridge cap, with the same care, the electric fuse, 
This is supplied with two auxiliary wires so long 
that, the charge being made. and the tamping 
finished, these two wires project out of the mine 
so as to be joined easily to the principal con- 
ductors. 

Butif several mines are to be fired simultaneously 
all the charges should be placed in circuit; to 
do this the auxiliary wires coming from each mine, 
should be joined to the;wires making a communication 
between the charges with the two nearest to them. 
For the two extremities one of the two auxiliary 
conductors will be joined to the principal line. 
Thus, in Fig. 15, representing four mines, one of 
the auxiliary wires C!, and one C* are con- 
nected to one of the secondary wires which joins the 
conductors ; the other wires of C' and C+, are joined 
to the wires of the neighbouring mines C? and 
C*. The auxiliary wires C* and C*, are all joined 
to the connecting lines. 





THE University or Toxro.—Mr. J. A. Ewing, B.Sc., 
F.R.S.E., has been appointed Professor of Mechanical 
Engineering in the University of Tokio, Japan. 





DERBYSHIRE CHAMBER OF AGRICULTURE.—A meetin 
of this chamber has been held at which the Hon. E. K. W. 
Coke presided. It was decided amongst other business to 
forward a petition to Parliament praying for the immediate 
passing of tho Duke of Richmond’s Cattle Diseases Bill. 





COMPOUND ENGINE FOR TUG-BOAT. 

WE give on page 467 exgravings of a compound engine 
constructed from the designs of Mr. Norman Selfe, of 
Sydney, for a tug-boat working on the Clarence River, 
New South Wales, about 300 miles from Sydney. The 
vessel is a wooden paddle steamer, and as it is working 
at a place where skilled labour is scarce, the engines were 
made rough and strong, and it was deemed unadvisable 
to fit the slide valves with rings at the back to relieve 
them of the pressure. As, however, without such rings 
at the back it would have been very difficult to handle 
the valves with link motion, and as quickness of handling 
was an absolute necessity for the working of the vessel, 
Mr. Selfe applied the arrangement of steam reversing 
gear shown in our engraving. From the latter it will be 
seen that by means of a smail hand lever the eccentric 
rod can be raised out of gear with the stud on the rocking 
lever, which actuates the main valve, a rod connected 
with the piston of an auxiliary steam cylinder being at 
the same time made to engage with another stud on the 
rocking levers. Another small hand lever serves to move 
the slide valve of the auxiliary cylinder, the arrangement 
being such that the main slide is made to follow the move- 
ment of the hand lever just mentioned. The slide valve 
of the auxiliary cylinder is furnished with compensating 
gear connected to the piston rod of the auxiliary cylinder, 
this gear bringing the valve to the centre of its stroke, 
when the movement of the hand lever is arrested. A 
somewhat similar arrangement of reversing gear has been 
used in this country applied to link motion, but we are 
unaware of its having been before applied to a slide valve 
to facilitate direct handling. 

The cylinders are 18 in. and 34 in. in diameter respec- 
tively, and the pistons have a stroke of 3 ft.6in. The 
small piston is arranged so that it can be drawn at the 
top and the large piston at the bottom end of the cylinder, 
the arrangement of the rods being shown by Fig.3. The 
air and circulating pumps are worked through a bell- 
crank lever, and the circulating water passes to the con- 
denser and the condensed steam is led from the condenser 
to the air pump through passages cast on the bedplate. 

In conclusion it may be interesting, as indicating the 
progress of mechanical engineering in our colonies, to 
state that three tenders for the construction of the engines 
we’ have described were received in Sydney, and the cost 
of the engines erected in place, with feathering wheels 
and a cylindrical boiler with two furnaces, and suitable 
for 65 lb. steam, was about 3500/. 








THE ACTION OF BRAKES. 
On the Effect of Brakes wpon Railway Trains.* 
By Caprarin Dovuatas Gatron, C.A., Hon. D.C.L., F.RB.S. 

THE following paper is an account of experiments upon 
the co-efficient of friction between the brakeblocks and the 
wheels, and between the wheels and the rails at different 
velocities, both when the wheels are revolving and when 
skidded. 

These experiments form the first instalment of a series 
which it is intended to make, to ascertain, first, the actual 
pressure which it is necessary to exert on the wheels of a 
train to produce a maximum retardation at different 
velocities ; second, the actual pressure exerted on the 
wheels in the several forms of continuous brakes now in 
use; third, the time required to bring the brake blocks into 
operation in different parts of a train in the several forms 
of continuous brakes ; fourth, the retarding power of the 
different kinds of continuous brakes now in use on trains 
under similiar conditions of equal weight and running at 
the same speed. 

This paper includes the first series of experiments only. 

The author was enabled to make this series through the 
courtesy of the London, Brighton, and South Coast Railway 
Company, and of their locomotive superintendent, Mr. 
Stroudley, who provided a van and other facilities for 
making the experiments; and through the courtesy and 
assistance of Mr. Westingoanee, by whom the recording 
apparatus was designed. ‘The author was assisted in mak- 
ing the experiments, and in theirreduction, by Mr. Horace 
Darwin. 

The experiments described in this paper were made on 
the Brighton Railway, with a special van constructed for 
the purpose ; it was attached to an engine, and was run at 
various speeds, during which time various forces were 
measured by self-recording dynamometers, These dyna- 
mometers were designed by Mr. Lahey. vay ; their 
principle is that the force to be measured on a piston 
fitting in a cylinder full of water, and the pressure of the 
water is measured by a Richards indicator co by a 
pipe to the cylinder ; thus, as the drum revolves, ms 
are obtained giving the force acting on the piston. The 
advantages of this method are obvious, as the indicator can 
be placed at any convenient point, and the inertia of the 
water tends to make the pencil keep a position correspond. 
ing to the mean force. 

ig. 3 (see next page) represents the piston and what 
answers to the pono oy but would be better described as a 
ring fastened to the edge of a cylindrical box. In the centre 
is the rod by which the thrust to be measured is transmitted 
to the piston This piston merely consists of a cast-iron 
disc, with a cavity in its centre in which the rounded end 
of the rod rests, and a projecting piece at its centre on 
the other side which acts as a guide. The ring, shown 
in the diagram, which takes the place of the cylinder, 
is of the same thickness as the piston, and in its centre the 
piston fits. This ring is screwed to the edge of a cylin- 

* Paper read before the Institution of Mechanical Engi- 
neers : Paris meeting. 





drical box, to which the Py Aer the piston thus form 
acover. ‘The pison fits so as to slide easily, with but little 
friction, and is made water-tight by placing a disc of india- 
rubber under it, which is fastened to the centre of the piston 
by a brass collar, and has its edges clamped in between the 
ring and the edge of the cylindrical box. Thus we have 
a perfectly water-tight piston, which will move with very 
little friction, and as its movement is very small, the dis- 
turbing’ effect of the india-rubber at its edge may be 


‘neglected ; thus the indicator will register the forces acting 


on ~the piston by means of the pressure of the water. 
The socket into which the pipe leading to'the indicator is 
screwed is shown. We will neglect the valve for the present, 
and explain its use a little further on. Suppose the whole 
apparatus to be filled with water, and t a force were 
applied to the — by the rod, it would force some of 
the water out of the vessel, through the opening, into the 
indicator cylinder ; the area of the indicator piston is halfa 
square inch, and its maximum range .8 of an inch, there‘ore 
the quantity of water required to make a maximum moye- 
ment of the pencil is 0.4 cubic inches, and as the area of 
the piston is 30 square inches, its movement would only 
be 0.013 in., or #5 in. ; which is such a small movement 
that the india-rubber will introduce no appreciable error. 
Now, if the indicator piston did not leak and if it were 
possible to keep exactly the i (e quantity of water in the 
apparatus, nothing more would be required to make it work 
properly, but as this is evidently impossible, the supply 
valve becomes necessary. A small pipe leading from an 
accumulator, loaded to a greater pressure than can ever 
arise in the vessel, is screwed into the socket as shown; 
the excess of pressure on the outer side tends to close 
the valve; there is also a spring which forces the valve, 
on to its seat. This valve is seated with india-rubber, 
and is made perfectly water-tight. The spindle passes 
up so as very nearly to touch the brass collar on the 
underside of the piston. “yy the whole apparatus 
to be filled with water when there is no force acting on 
the piston ; then if a force is applied, this will move the 
piston downwards so as to send some water into the indi- 
cator, and raise the pencil, and will also open the valve 
and, as the pressure in the accumulator is in excess of 
that in the vessel, the water will enter, and go on 
entering till the piston is raised and no longer opens the 
valve. Now, if the force on the piston be removed, the 
indicator spring will force a quantity of water less than 
0.4 cubic inches back into the vessel, and raise the 
piston less than +';in., and thus the piston can only move 
7s in. above the position in which it touched the valve,. 

\gain, if we suppose a smaller force to be applied to the 
piston, it will not be pressed down so far, and will not 
open the valve, unless sufficient leakage has meantime 
taken place to allow the piston to come down through its 
full distance; thus the valve always keeps the right 
quantity of water in the apparatus to make it work 
properly, by cone opening and letting in enough 


water to make up for 1 

A special brake van was built by the London, Brighton, 
and South Coast Railway Company for these experiments, 
to which the Westinghouse automatic brake was applied 
with four dynamometers like the one described, attached 
to it. (See Figs. 1 and 2 on the following poge.) Nos. 1 
and 2 measure the retarding force which the friction 
to the brake blocks exerts on the wheels; No. 3, the 
force with which the blocks press against the wheels ; 
No. 4, the force required to drag the van. The arrange- 
ment of the levers for applying the brake is not the 
same as that on the ordinary rolling stock of the 
Brighton Rialway, but has been slightly modified by 
Mr. Westinghouse in order to make the pressure equal 
on both sides of the wheels, and to provide for the 
application of the dynamometers. In the di is - 
the cylinder belonging to the Westinghouse brake appa- 
ratus; into this the compressed air flows from the re- 
servyoir B when the brake is applied, and forces the two 
pistons apart, thus moving the two rods CC outwards, 
and by means of the levers, pressing the brake blocks 
against the wheels. It is evident from the diagram that the 
pressure must be equal on each side of the wheels, and that 
the pressure on dynamometer No. 3 must be equal to the 
thrust on the rod C, and hence rece ser to the pres- 
sure on the wheels. The lever DE, pivoted at its centre, 
will evidently tend to turn with a moment equal to the 
retarding moment exerted by the friction of the brake- 
blocks on the wheels; and ce dynamometers Nos. 1 
and 2, will register forees proportional to this moment. 

The brake could be applied to all the wheels of the van, 
but during the riments it was only applied to the pair 
of wheels to the levers of which the dynamometers were 
attached. 

Dynamometer No. 4 is connected to the draw bar by a 
lever, and thus registers the force required to draw the van. 

A self-recording speed-indicator was used, designed by 
Mr. Westinghouse. This instrument has been Reger | 
tested, and was used at the brake trials on the Nort 
British Railway, and on the German State Railway. It 
consisted of a small dynamometer made on the same prin- 
ciple as that just described ; it measures the centrifugal 
force of two weights, which are made to revolve by a strap 
from a pulley on a shaft driven by friction gear from the 
pair of wheels to which the brake was applied ; a Richards 

icator being used as in the other dynamometers. Thus, 

as the centrifugal force varies as the square of the velocity, 
the s is got by taking the square root of the ordinates 


at point. 
These diagrams thus show the speed of the pair of 
wheels to which the brake was applied, and therefore the 


velocity of the train at the moment of applying the brake 
eo oe ey 
variation in the s i is due w. ipping, 
— — tbat extent and in what way the brake stops 
the w 





Two of Mr. Stroudley’s indicators were fixed side by side 
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in the van; one attached to the axle belonging to the 
braked wheels, the other to the axle which was running 
free. The difference of these indicators showed if slipping 
took place. 

There is also a Bourdon gauge attached to the above small 
dynamometer, with the face divided in such a way that the 
hand shows the speed in miles per hour. The indicators 
are all placed on a table in the centre of the van, and the 
drums are made to revolve by the cords being wound up on 











The difficulties attendant upon the preparation and ad- 
justment of this delicate apparatus consumed so much more 
time than had been anticipated, that it was only on the 
27th, 28th, and 29th of May that a series of a 
could be made. These took place in the vicinitv of Brighton. 
The first day was dry, the second stormy, the third fine, 
= ee thine 

umerous di ms* were taken by the apparatus, which 
have required very careful reduction. 





pe No. 1. (Exp. 11. May 29th).—In this case 
the velocity remained nearly constant, varying from 41 
— per hour at the beginning to 40 miles per hour at the 
end. 

The air was allowed to escape from the brake cylinder 
through a small aperture, and thus the pressure between 
the blocks and the wheel diminished. The di m shows 
that the friction between the brake blocks diminished 
more rapidly than the pressure. The speed indicated by 
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pulleys on the shaft G. This sheft is turned at a uniform 
= by - one po Poe + —< merely ee of a 
r g in a cylinder through a water-tight packing, 
and loaded with a heavy weight at is wound up by con- 
necting it with the accumulator, and at the beginning of 
each experiment a small cock is opened which allows the 
water to run out and the weight to fall, which thus turns 
the indicator down, and at an ascertained uniform speed. 
Thus the ordinates of the diagrams taken from these indi- 
cators show the various forces,and the abcisse the dis- 
— — through by ong van. 
experiments the tyres were of steel, and the 
brake blocks of cast-iron. j 


Unfortunately the date at which it was necessary to 
send in the paper to the Institution has not afforded time 
for a complete collation of the results. 

The author, therefore submits this is as a preliminary 
paper ; and limits himself to exhibiting a few of the dia- 
grams which were taken, and which illustrate the more 


striking results. 





* In these diagrams line A indicates the average tan- 
gential strain, recorded by indicators Nos. 1 and 2; line B 
the brake block pressure, indicator No. 3; line C the speed 
of the pair of wheels to which brakes were applied, indicator 





No. 6; line C' the speed of train, indicator No. 6; and 
line D the traction on the draw-bar, indicator No. 4. 





the rotation of the wheels to which brakes were applied 
was the same as that of the wheels running free. 


May 27th.)—This di ym Was taken 
when the van was moving at a speed of 25 miles an hour. 
The application of the brake slackened the s to 20 
miles an hour in 10 seconds, when the wheel skidded, and 
the experiment terminated in 22 , when the speed 
had been reduced to 17 miles an hour. 

In this case the diagram shows no diminution in the rota- 
tion of the axle until the skidding took place. 

The velocity of the train was reduced in the 10 seconds 
which ela; from the time when the brakes were fully on 
till the wheels skidded, from 25 to 20 miles an hour; 


No.2. (Exp. 11. 
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whereas in the period of 11 seconds which elapsed between 
the skidding of the wheels and the cessation of the experi- 


ment the velocity was only reduced from 20 miles to 17 
miles per hour. 

No. 3. (Exp. 24. May 28th).—In this experiment the 
velocity was 21 miles an hour when the brakes were 
applied to the wheels ; the speed was reduced by the action 
of the brakes to 18 miles, when the wheels immediately 
skidded. 

The di m shows that the coefficient of friction between 
the brake blocks and the wheels gradually increased as the 

diminished until the skidding point was reached, and 
that the tractive force exerted on the draw-bar was sud- 
denly greatly diminished after the skidding took place. 

No. 4. (Exp. 15. May 28th).—In this case the brake 
van was detached from the engine y Sn my of a slip coup- 
ling when travelling at a speed of 40 miles an hour. 

he pressure of air in the brake cylinder, and conse- 
quently the pressure on the brake blocks, remained nearly 
constant during the experiment. 

The pressure being greater than that required by the co- 
efficions of friction between the brake blocks and wheels, 
due to the velocity, the friction increased so rapidly as to 
cause the wheels to skid immediately. 

After the skidding, the friction at once decreased rapidly, 
but rose again as the 5 diminished, and attained its 
maximum when the train came to rest, which occurred with 
many jerks in 124 seconds. 

No. 5. (Exp. 16. May 28th.) Slip.—In this case also 
the brake van was detached from the engine by means of 
. slip covpling, when travelling at a foe » of 46 miles per 

our. 

The pressure of the air in the brake cylinder was less 
than in the preceding case ; and it was gradually diminished 
during the experiment. Consequently the force with which 
the blocks pressed on the wheels diminished to the same 
extent during the experiment. 

At first the friction between the brake blocks and wheels 
also diminished slightly, but when the velocity of the van 
decreased, the friction between the brake blocks and the 
wheels increased rapidly. The van came to rest in 
12 seconds, without any jerk, before this pressure had risen 
to a point sufficiently high to produce skidding. 

These two diagrams afford a comparison of a stop with 
skidding and one without skidding. 

The latter stop was effected, with a uniform motion 
without jerks, from a speed of 46 miles an hour in 
12 seconds, when the former required 12} seconds to stop 


from a s of 40 miles an hour, with a series of un- 
pleasant jerks. 
No. 6. (Exp. 3. May 28th.)—In this experiment the 


velocity was uniform at 44} miles an hour. 

The pressure applied to the brake blocks sufficed to skid 
the wheels at once. 

The diagram shows that the coefficient of friction between 
the brake blocks and the wheels decreased immediatel 
after the skidding, and only rose at the end of the experi- 
ment. 

The tractive foree on the draw-bar increased with the 
act of skidding, but largely decreased as soon as the skidding 
was effected. 

No. 7. (Exp. 21. May 28th.)—In this experiment the 
speed was 45 miles an hour at the beginning, which decreased 
to 42} miles at the end. 

The pressure was slightly decreased during the experi- 
ment. 

The pressure applied to the wheels did not suffice to skid 
them, and the wheels with brakes and those without brakes 
revolved at the same rate. 

. The tractive force on the draw-bar follows a uniform 
ine. 

A comparison between this diagram and the preceding 
one shows that although the line of pressure on the brake 
blocks in the former case in which the wheels were skidded, 
was greater than in this case where the wheels were not 
skidded, the practical effect of the brakes as shown b 
the tractive force on the draw-bar was much greater with 
the wheels braked, but not skidded, than with the skidded 
wheels. 

No. 8. (Exp. 9. May 29th).—In this experiment the van 
and the engine were brought to rest by means of the brake 
from a speed of 40 miles per hour. 

The wheels skidded rapidly after the brake was applied ; 
the retarding force rose greatly at the moment of skidding, 
and then fell considerably below the original amount. The 
wheels remained skidded to the end of th experiment. 

The diagram shows an increase in the cient of fric- 
tion measured by the pressure between the brake blocks 
and wheels, as the velocity diminished ; this increase was 
slight at first, but more rapid as the velocity became re- 
duced, and very great at the moment of stopping. 

No. 9. (Exp. 3. May 29th.)—In this experiment the 
van and the engine were brought to rest from 39 miles an 
hour by means of the brakes. 

The compressed air in the cylinder was allowed to esca 
through a small aperture, after the brake was applied ; 
and thus its pressure, and conseqrently the force with 
which the blocks pressed against tae wheels, diminished 
during the experiment. 

The diagram shows that the retarding force due to the 
pressure of the brake blocks on the wheels at first di- 
minished, until the reduction of velocity reached the point 
where the increase in the coefficient of friction was sufficient 
to overcome the effect of the diminished pressure applied to 
the brake blocks. . 

At this point the retarding effect of the brakes was in- 

, and the wheels were skidded. Up to this point, 
the two pair of wheels of the van, to one of which brakes 
were applied whilst the others were running freely, revolved 
approximately at the same rate, as shown by Mr. 
Stroudley’s speed indicators. 

At the moment of skiddi 
vertical line, thus showing t 


the curve rose in a nearly 


t the coefficient of friction 








became very great as the wheel came to rest ; and the time 
during which the wheel was partly rotating and partly 
slipping was almost inappreciable. 

mmediately after the rise the curve fell to a point far 
below its ori position, thus showing a great diminution 
in the retarding effect of the brakes. 

After this point the curve rose again, while the velocity 
continued to decrease, and thus showed that the coefficient 
of friction between the rails and the wheels when skidded 
increased as the velocity diminished. 

At the moment when the van came to rest the coefficient 
of friction became very great. 

It is unnecessary in this preliminary paper to give the 
particulars of the reduction of the diagrams; but the 

a results shown by them may be summed up as 
OLLOWS : 

1. The application of brakes to wheels, when skidding 
is not produced, does not appear to retard the rapidity of 
rotation of the wheels. 

2. When the rotation of the wheels falls below that due 
to the speed at which the train is moving, skidding appears 
to follow immediately. 

3. The resistance which results from the application of 
brakes without skidding is greater than that caused by 
skidded wheels. 

4. During the moment of skidding the retarding force 
increases to an amount much beyond that which prevailed 
before the skidding took place ; but immediately after the 
act of skidding is complete, this pressure falls down again 
to much below what it was before the skidding. 

5. The pressure required to skid the wheels is much 
higher than that uired to hold them skidded ; and 
appears to beara relation to the weight on the wheels them- 
selves, as well as to their adhesion and velocity. 

It would seem that the great increase in the frictional 
resistance of the blocks on the wheels just before and at 
the moment of skidding, due to the increase in the co- 
efficient of friction when the relative motion of the blocks 
and the wheel becomes small, is what destroys the rotating 
momentum of the wheel so quickly. 

With constant pressures, the friction between the blocks 
and the wheels, and consequently the retarding force, in- 
creases as the velocity decreases. 

In order to obtain the maximum retarding power on the 
train, the wheels ought never to skid ; but the pressure of 
the brake blocks on the wheels ought just to stop short of 
the skidding point. In order that this may be the case, 
the pressure between the blocks and the wheels ought to be 
be great when the brakes are first applied, and gradually 
to diminish until the train comes to rest. 

There are other points of interest;indicated in the dia- 
grams, which require further elucidation ;| among which 
may be mentioned the question whether the coefficient of 
friction diminishes when the pressure increases, and the 
velocity remains constant. 

Another question is as to the practical effect on the 
wheels themselves resulting from the ater amount of 
work done by retarding the wheels without skidding, as 
compared with the effect of skidding. 

The general conclusion which would appear to follow 
from the results of the preliminary experiments is that 
none of the hand brakes and only some of the continuous 
brakes now in use have been designed with a clear know- 
ledge of the most essential conditions required in a 
perfect brake. 

Experiments connected with the action of brakes on rail- 
way trains require very delicate apparatus ; and the author, 
in conclusion, wishes to explain that the credit of the 
design of the apparatus used in these experiments and of the 
successful manner in which the apparatus was applied, 
belongs entirely to Mr. Westinghousé. The efficiency of 
the arrangements for making the experiments which con- 
tributed to the successful results obtained is due to the 
London, Brighton, and South Coast Railway Com- 
pany, as represented by their locomotive engineer, Mr. 
Stroudley, who gave much personal attention to the work, 
and by Mr. Knight, the — manager, who afforded 
every facility for the use of the line. 








NOTES FROM THE NORTH. 
GuLasaow, Wednesday. 

Glasgow Pig-Iron Market.—There was a continuation 
of the firmness of tone in the warrant market last Thurs- 
day morning, and a further advance of 2d. per ton was 
obtained, making 10d. over the week. In the afternoon, 
however, a reaction set in, and prices fell to the extent of 
3d. per ton. Business was done during the forenoon at 
from 50s. 6$d. to 50s. 8d. cash, and 50s. 9d. one month, 
the market closing with sellers at the higher figures. 
Prices ranged during the afternoon from 50s. 7d. to 50s. 5d. 
cash, and from 50s. 8d. to 50s. 6d. one month, the market 
closing with sellers at 50s. 5d. cash and 50s. 7d. one month, 
and buyers offering 1d. less. The reaction which set in 
on Thursday afternoon in consequence of the heavy ‘‘ bear’’ 
operations which were induced by a desire to realise, con- 
tinued in a still more marked degree on Friday, and prices 
toppled down 4d. per ton, making a fall of 7d. in two days, 
~ the closing price was only 3d. above that of the present 
Friday. There were transactions during the forenoon at 
50s. 3d. to 50s. 1)d. cash and 50s. 4d. to 50s. 3d. one 
month, and the market closed with sellers at even 
lower figures. In the afternoon 50s. 1d. cash and 50s. 2}d. 
one month were paid, and the market closed for the week 
with sellers at those rates, and buyers near. On Monday 
there was a further decline in the price of warrants to the 
extent of 4d., the same amount as was dropped on Friday, 
and prices closed at 1d. under the closing quotations at the 
end of last month. Business was done in the morning at 
50s. to 49s. 8}d. cash and fourteen days, and from 50s. to 
49s. 10d. one month, the market closing with buyers at the 
lower figures. The prices paid during the afternoon were 
493. 9:1. cash and 49s. 10}d. one month, at which buyers 





remained at the close, sellers asking 49s. 10d. and 

and one month respectively. Yesterday’s diem enter wt 
opened stronger, and improved to the extent of 3d. per ton, 
but closed less firm and lost half the advance. There were 
transactions during the forenoon at 49s. 10d. to 50s. cash, 
and at 50s. 14d. to 50s. 2d. one month, buyers at the close 
offering the higher rates and sellers asking 1d. 
more. The prices mye in the afternoon were 49s. 10}d. 
cash and 50s. one month, and at the close there were sellers 
at 49s. 10}d. cash and 50s. one month, buyers near. To- 
day’s forenoon market was steady, with a moderate amount 
of business done at 49s. 9d. and 49s. 94d. cash, closing 
with buyers at the latter price and sellers at 49s. 10}d. 
The afternoon market was likewise steady at the opening, 
with business done at the forenoon duine quotations. 
Notwithstanding the downward reaction of the past few 
days there is certainly a more confident tone than there was 
a little while ago; there is more business doing and more 
willingness is shown to enter into forward contracts. 
Several makers of special brands have raised their quota- 
tions recently, but with the effect, to a certain extent, of 
limiting demand. Notice was lately given by the Shotts 
Tron Company that a number of men would be paid off at 
the Castlehill blast furnace ; that notice, however, has been 
withdrawn, and work will, in the meantime, be continued 
as before, but all engagements will be held from day to 
day. An additional furnace was blown in at Eglinton Sun 
Works last week, thus bringing up the number in actual 
operation to 90 as against 111 at the same time last year. 
A further quantity of pig iron was sent into store last week, 
and the total stock with Messrs. Connal and Co. up till 
last Friday night was 176,007 tons, showing an increase 
for the week of 580 tons. Last week’s shipments of pig 
iron from all Scotch ports amounted to 7008 tons, as com- 
pared with 7733 tons in the corresponding week of last 
year. The total decrease for the year now amounts to 
23,722 tons. 


Malleable Iron Trade.—It would seem as if there was 
some actual improvement in the finished irontrade. After 
standing idle for the last seven or eight months, a forge, 
including twelve puddling furnaces, with the necessary 
rolling mill, shingling hammer, &c., was recommenced last 
week at Mossend Iron Works (Messrs. Neilson and Co.). 
The quantity of iron manufactured last {month shows an 
increase on the ‘amount produced during the same period 
last year, and the large stocks of puddled bar which had 
been accumulated at all the works at the beginning of the 
present year have been much lessened. 

The Locomotive Trade.—lIt is reported that no fewer 
than three hundred hands have been discharged from the 
Glasgow Locomotive Works of Messrs. Diibs and Co., on 
account of the dulness of trade. There is still a fair stroke 
of work in hand at the Hyde Park Locomotive Works 
(Messrs. Neilson and Co.) Owing to astrike amongst the 
employés of the Caledonian Railway Company. Work was 
almost entirely suspended for about a month in the locomo- 
tive shops at St. Rollox (Glasgow) and Perth; but the 
dispute, which was caused by a proposed reduction of 
wages, has been amicably settled, and the men have this 
week returned to their work. The workmen employed by 
the North British Railway Company at Cowlairs Locomo- 
tive and Wagon Works have been on strike for a still longer 
period, their grievance being a proposal to extend the 
week’s work from fifty-one to fifty-four hours. It is re- 

rted that a number of men have been brought from a 

istance to work on the company’s terms, but they have in 
numerous instances yielded to the wiles of the men on 
strike, and the workshops are still very far from being 

_A great open air demonstration is about to take 
woe in Glasgow in favour of maintaining the fifty-one 
ours’ system intact. 


The New Dock at Ayr.—At the quarterly meeting of 
the Ayr Harbour Trustees, held to-day, it was resolved 
that the ceremony of opening the new wet dock should 
take =e on ——> 18th July. Provost Steel, who 

resided, congratulated the Trust on the success of the 

arbour revenue during the past quarter, notwithstanding 
the general depression in trade, and said it was very de- 
sirable that the new dock should be opened at the earliest 
possible date, in order to relieve the pressure of business 
in the harbour. The meeting also to erect shed 
and crane ‘accommodation for a new line of steamers to 
trade between Ayr, Larne, and Liverpool. 

The Proposed New Dock at Greenock.—It is expected 
that at a meeting of the Greenock Harbour Board, which 
is to be held to-morrow, it will be resolved to proceed with 
the new wet dock on the Garvel Park Estate, and that 
the tender of ;Mr. Waddell, contractor, Edinburgh, will 
be cay accepted. That gentleman’s tender is about 








Great Activiry at NicotaterF DockyarD.—The 
Nicolaieff Depositing Dock is now being employed day and 
night in docking the Russian fleet—the zareft, of 
2700 tons, and the Odessa, of 3300 tons, are among the 
largest vessels docked. During the last two months eleven 
vessels have been raised and repaired on this dock. The 
circular ironclads have not yet been docked, as the Russian 
Government cannot spare them from the positions they 
now occupy in defence of Odessa Harbour, but the Govern- 
ment are so thoroughly satisfied with the capabilities and 
extraordinary power of the dock that the constructors have 
received the personal congratulations of the Grand Duke 
Constantine, the Imperial Minister of ine, Admiral 
pene ry Admiral Popoff. We understand that the 
cost of this dock was less than 100,000/., and that the first 
vessel was docked on it in only twenty months after laying 
the first plate of the dock at the Millwall Iron Works. We 
described the Nicolaieff Dock in detail in our number for 
April 21, 1876. 
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NOTICES OF MEETINGS. 

THE METEOROLOGICAL SOCIETY.—Wednesday, the 19th inst., 
at 7 p.m., at 25, Great George-street, Westminster, the — 

apers will be read: ‘The Climate of Lundy Island,” by A. J. H, 

respi, B.A., M.R.O.S. “On the Auroral or Magnetic Cirrus,” by 
Rey. Samuel Barber, F.M.S. “Contributions to the Meteorology 
of Natal,” by Robert James Mann, M.D., F.R.A.8. “Note on the 
Mean Relative Humidity at the Royal Observatory, Greenwich,” by 
William Ellis, F.R.A.S. “ On a Method of sometimes Determining 
the Amount of the Diurnal Variation of the Barometer on any 
Particular Day,” by the Hon. Ralph Abercromby, F.M.S. “On 
the Relative Duration of Sunshine at the Royal Observatory 
Greenwich, and at the Kew Observatory, curing the year 1877,” 
by G. M. Whipple, B. Sc., F.R.A.S. 

THE PHYSICAL SoctETy.—Saturday, Jane 22, at 3 p.m. “Ex- 
periments with a New Polariscope,” by Professor W. G. Adams. 
“Starch and unannealed Glass under the Polariscope,” by W. 
Baily. “ Equipotential Surfaces of a Conductor under Influence,” 
by Sir Frederick Elliott. ‘Complementary Colours,” by Dr. 
Gorham. “Flow of Water from Orifices at different Tempera- 
tures,” by Professor W. OC. Unwin. “Co-ordination of Space,” by 
CO. H. Hinton. “Magnetic Figures illustrating Electro-dynamic 
Relations,” by Professor S. P. Thompson. 
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STEEL PLATES AND RIVETTED JOINTS. 

A CIRCUMSTANCE connected with the greater 
ductility of soft steel compared with that of iron 
plates, which appears to us to require considera- 
tion, is the effect of this greater ductility upon the 
crippling strength of the plate, and consequently 
upon the proper proportions of the rivetted 
joint. The softer and more ductile the plates the 
more liable is the material at that side of the hole 
that bears the stress to be crushed or crippled by the 
rivet bearing against it. 

With iron plates and iron rivets, in order that the 
tearing, shearing, and bearing resistances may 
be theoretically oe in single rivetted lap joints, 
if we take the thickness of the plate as unity, and 
assume the tearing stress to be equally distributed 
over the section of the plate between the holes, and 
the plate to receive no damage by punching the 
thicknesss of the plate, mean diameter of hole and 
pitch of rivets will be represented by the numbers 1, 
2.6, and 7.6, the efficiency of the joint or the ratio 





of the strength of the joint to that of the solid plate 
being 0.66. As the diameter of the rivet holes in 
} in. plates seldom in practice exceeds twice the 
thickness, and the pitch 4} times the thickness of 
plate, it is evident there is an excess of bearing 
strength over both the tearing and shearing strength 
in 3 in. plates with the usual proportions of joint, 
and this excess increases with the thickness of the 
plates, taking the diameter and pitch of rivets 
generally used. 

With double-rivetted lap joints taking the thick- 
ness of the plate as unity, we should have the 
thickness of plate, diameter of hole, and pitch of 
rivet represented by 1, 2.6, and 12.75. In practice, 
the pitch in } in, plates double-rivetted seldom ex- 
ceeds seven times the thickness, and three and a 
half times the thickness in ] in. plates, so that 
the excess of the bearing over the tearing strength 
is even greater than in single rivetting, the excess 
over the shearing strength remaining the same. 

In reducing the thickness of plate when substitu- 
ting steel for iron plates by the amount allowed by 
the excess of tenacity of the former over that of the 
latter, or, say, by 25 per cent. if we retain the same 
pitch and diameter of rivets, we shall maintain the 
same proportion of tensile and shearing strength 
in the plates and rivets, neglecting, for the present, 
in the case of lap joints the increase in the propor- 
tion of strength due to the stress being less out of 
line at the overlap of the thinner plates of steel. The 


Bank,” | bearing surface of the plate will, however, be re- 


duced by 25 per cent. If the resistance of soft 
steel to crippling were ter than that of iron, in 
the same proportion that the tenacity is greater, 
the reduction of bearing surface would be com- 
pensated for by the greater resistance to crippling. 
As, however, the ductility of soft steel is consider- 
ably greater than that of ordinary iron plates, it is ex- 
faa genase that the resistance to crushing is 
less. e resistance to crippling no doubt varies 
widely in different qualities of iron plate, but compa- 
ratively little is known of this resistance in iron and 
still less of that in steel plates. From the results of 
the few experiments that have been made with a view 
to ascertain its value for iron it is usually taken 
at twice the tensile strength of ordinary boiler 
lates. 

! If we take the tenacity of steel as being one-third 
greater than that of iron, which allows a reduction 
in thickness of 25 per cent. only, and assume the 
resistance to crushing as being 25 re cent, less, in 
order to compare the proportions of joint for equal 
tearing, shearing, and bearing resistance, we s 
have, using the same mode of comparison as above, 
1,2, and 4.4 representing the thickness of plate, 
diameter and pitch of rivets for single-rivetted lap 
joints in steel, and 1, 2, and 6.8 for double rivetting, 
giving an efficiency of .54 and .70 respectively. 
These theoretical proportions of joints are much 
nearer what is ot in practice than is the case with 
iron plates. In replacing }-in. iron plates with 3-in. 
steel plates, and using }-in. rivets at 1.in. centres 
for single and 2}-in. centres for double rivetting, we 
shall have a joint with the tearing, shearing, 
bearing resistances all equal. In replacing a 1-in. 
iron plate by a 3-in. steel plate, we should require 
1}-in, iron rivets at 3}-in, centres for single and at 
5-in, centres for double rivetting in order to have a 
theoretically proportioned joint, and by using 1}-in. 
rivets at 2}-in, and 3}-in. centres respectively for 
single and double-rivetting, it is evident we shall 
have an excess of bearing resistance over that for 
tearing and shearing. 

In the report of Lloyd’s Registry Committee on 
steel for boiler making it is stated that in consequence 
of the crippling of the moet: eytgen the rivets in 
some experiments, it appears that a ter propor- 
tion of been custeon required Fith steel that 
with iron, Unfortunately the dimensions of the 
joint that thus failed are not given. 

There are two ways of bringing up the bearing 
surface, (1) by increasing the diameter of the rivets, 
and (2) by increasing the number of rivets. By 
increasing the diameter of rivets and maintaining 
the same pitch, we diminish the efficiency of the 
joint, and if we attempt to increase the pitch in 
order to maintain this efficiency, we neutralise 
the very advantage sought in increasing the diameter 
of rivets. It must not, however, be forgotten that 
by increasing the diameter of rivets without altering 
the pitch, we may increase the proportion of bearing 
surface by a much greater amount than we reduce the 
proportion of tearing section. For instance, by alter- 
ing l-in, rivets at 34-in. centres to 1}-in. rivets, 
we increase the bearing surface by 50 per cent., 


whilst we reduce the shi section 20 per cent. 
only, In all cases it must be a question whether 
the increased bearing strength obtained by increasing 
the diameter of rivets is wisely bought at the ex- 
pense of the efficiency of the joint, Whether we main- 
tain the same pitch or not, we give a preponderating 
shearing strength to the rivets, by wrens, A their 
diameter beyond the usual practice for iron plates. 

In seeking to obtain additional bearing surface by 
increasing the number of rivets in the same line and 
reducing their diameter, we reduce the tearing 
strength to the same extent as by increasing the 
diameter and ee number of rivets, In 
this case we injure the plate more by punching, but 
the stress will be more evenly distributed over the 
plate, and we get a joint that is more easily made 
and kept tight if the rivets are not made unduly 
small, Here again the proportion of tearing section 
is not so rapidly reduced as that of the bearing 
surface is increased. Suppose we replace 1-in. rivet 
holes at 3} in. centres b Pen. rivets at 1}-in, centres, 
the bearing surface will be increased 50 per cent. 
and the tearing section diminished 20 per cent., 
the shearing section being increased about 12 per 
cent.; or by — holes at 2§-in, centres, the 
bearing surface will be increased 16.6 per cent., 
whilst the section will be reduced 6.6 per 
cent. only. When additional bearing surface is 
actually required, it is best obtained by making an 
additional row of rivets in the joint. 

The carrying out of the recommendation to in- 
crease the diameter of rivets when substituting steel 
for iron plates may easily be pushed too far, and 
counteract some of the benefit we should expect to 
derive from the —— ductility of steel. If all 
rivet holes were drilled fair with the plates in posi- 
tion and close together, and if every hole were filled 
by its rivet to make a perfect job, in which each 
rivet takes its share of the stress distributed over the 
length of the joint, it would even in this case be 
scarcely advisable to proportion the joint so as to 
bring the crippling stren up to the tearing 
strength of the plate, for it is much better that 
the holes should elongate by crippling under 
severe stress, such as that caused by unequal and 
sudden contraction, and give warning by = 
which might not require the renewal of the 
plates to render the boiler serviceable, than that 
attentionshould be drawn to the presence of the strain- 
ing by the fracture of the plate from hole to hole, 
which is always a serious if not a dangerous defect 
requiring — or complete renewal of the plate, 
and which may occur without giving warning, 
—— crippling strength of the plate being kept 
too hi 


When we increase the size of the rivets, we in- 
crease the bearing surface only directly as the dia- 
meter of the rivets, but the ne saa as the 
square of the diameter. We sho therefore in- 
crease the pitch in proportion to the square of the 
diameter, assuming of course that we are dealing 
with a joint well proportioned in the first instance, 
in which the plates between holesshould havea 


and | of tensile strength over the shearing strength of the 


rivets, since the plates are liable to become reduced 
in strength by punching and wasting, whereas the 
rtion of the rivet between heads being protected 
8 not become so much reduced, When the joint 
is oy 80 proportioned, the less are = justified in 
still further giving a preponderance of strength to 
the rivet already too laste . The greater the pitch 
of rivets the more is the strain concentrated at the 
sides of the holes, and consequently the greater 
is the tendency of the plate to be broken piecemeal 
and the breaking strength to be thereby reduced, 
Hence increasing the size of the rivets and attempt- 
ing to maintain the efficiency of the joint is tanta- 
mount to increasing the brittleness of the plate, and 
by injudiciously proportioning a joint we may to some 
extent at least neutralise the advantages expected 
wee ined by annealing and vsing a ductile 
ma 
One very important point should not be lost sight 
of in Prop oning a joint, and this is that it is 
far more di it to make a good repair job with 
large rivets than with small ones, ially in in- 
accessible situations, and where the pitch is increased 
to maintain the section between rivet holes when 
using large rivets, the difficulty of making tight 
re is still further i . 
erfect tightness in a joint without theoretical 
correctness of proportion is of far more importance 
than correct proportions which may fail to secure 
perfect tightness, One boiler-maker may have 





appliances which will enable his men to make 
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perfectly tight and sound work with rivets of 
unusually large diameter and pitch, and with 


which another maker would fail to make satisfactory 
work. The cases of boilers that have given way, and 
of expensive repairs that have been required through 
the rivets being too small, are very rare in com- 
parison with the disasters that have occurred, and 
the expenses that have been incurred, through wasting 
of plates in consequence of leaky joints. No doubt 
it is advisable to keep up the ultimate breakin 
strength of the joint by increasing the diameter an 

itch of rivet, but it is absurd to do it to sucha 

legree as to risk making the plate weaker in the 
solid than in the joint, which it will inevitably 
become in time should the joint leak. Ifthe wasting 
of steel plates occasioned by leakage took place 
only at the same rate as that of iron plates, the 
reduction in thickness with the former would render 
them less durable. But there is reason to believe 
that the wasting will be more rapid with steel in 
certain situations, hence the importance we attach 
to having perfectly tight joints, lest the material 
should be blamed, instead of the design and work- 
manship, in the case of a boiler wearing out rapidly. 
The crippling strength of a ductile steel plate in 
front of the rivet may be considerably increased by 
increasing the lap or distance between the edge 
of the plate and centre of rivets. With lap joints 
the practical objection to this is that beyond a 
certain limit, usually taken at one and a half 
times the diameter of rivet, the difficulty of making 
a joint tight by caulking or “fullering” increases 
with the amount of lap. But in butt joints this 
objection is got over by increasing the lap of the 
lates only whilst retaining the usual amount of 
ap between the rivets and the caulking edges of 
the strips or welts. In double-rivetted lap joints a 
considerable advan in strength will be gained 
by increasing the distance between the lines of 
rivets in steel plates beyond the usual practice for 
iron plates, especially in zig-zag rivetting. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue Institution of Mechanical Engineers has this 
year followed the precedent it established in 1867, 
and has chosen Paris as the location for its summer 
meeting. The meeting commenced on Tuesday last, 
and from the good attendance of members, combined 
with the opportunity it is affording for an inter- 
change of ideas with engineers on the other side of 
the Channel, it promises to be of more than ordinary 
interest. The lecture theatre of the celebrated 
Conservatoire des Art et Métiers has kindly been 
placed at the disposal of the Institution, and the 

roceedings were commenced there on Tuesday last 
y the delivery of an able and suggestive address by 
the President, Mr. John Robinson. We publish 
‘this address in extenso on another page of the present 
number, and we need, therefore, only allude to its 
leading features here. Mr. Robinson first directed 
attention to the various branches into which the 
engineering profession might be divided, and he 
then proceeded to combat the idea that we are at 
t suffering from over-production. Claiming 
or engineers t it is their special mission to 
ameliorate the condition of the human race, and to 
furnish those comforts which are attendant upon the 
progress of civilisation, he ed that while so 
many wants remained unsatisfied, there could be no 
real want of work for engineers in the future. 
Passing then to consider matters immediately con- 
nected with the Institution, Mr. Robinson stated 
that the proposal to render the Institution a corporate 
body had had the careful attention of the Council 
during the past few months, that the articles of 
association had been considered, and that he ho 
these matters would soon be so far matured that 
the results could be placed before the members. In 
conclusion, Mr. Robinson referred to the cordial 
reception which the Institution had received at the 
hands of General Morin, M. Tresca, and the Société 
des Ingénieurs Civils, while he paid a well-deserved 
tribute to the energy shown by Mr. Henry Chap- 
man, the honorary local secretary, in his organisation 
of the meeting. 

The President's address was followed by a most 
interesting paper by M. Henri Tresca, on the “ Flow 
of Solids,” and of this paper we commence the 
publication on page 477 of the present issue. It 
will be remembered that at the Paris meeting of 
1867 the researches of M. Tresca in a branch of 
physical inquiry which he has made peculiarly his 
own, were for the first time laid before the Institu- 


tion, and the communication read last Tuesday 
contained an account of the further researches which 
have been carried out since the date of the former 
paper. It would be impossible to convey in a brief 
abstract any fair idea of the importance of the 
results arrived at by M. Tresca, and we must refer 
our readers to the paper itself, and commend it to 
their careful sand: Speaking generally, however, 
we may say that M. Tresca’s further researches fully 
endorse the conclusions derived from the earlier ex- 
periments described eleven years ago, while they 
embrace a wider range of inquiry and are, if possible, 
even more suggestive. Of special interest are the 
facts arrived at by M. Tresca regarding the manner 
in which changes of form take place under the action 
of forging, and they promise to be capable of prac- 
tical application. Another branch of the inquiry 
of great importance is that relating to the action of 
cutting tools, of which M. Tresca has during the last 
few years made a special study. 

The President, in opening the discussion on M. 
Tresca’s paper, referred to the great progress which 
had been made since 1867, and he happily described 
M, Tresca’s investigations as researches in me- 
chanical analysis which were calculated to afford to 
the worker in iron information analogous to that 
which the chemical analysis of a substance affords a 
chemist. 

The next s er was Professor Blake, who, after 
referring to the great labour involved in M. Tresca’s 
researches, observed that he was especially struck 
by the bearing of the results upon certain geological 
problems which had been regarded as difficult of 
satisfactory solution. In the United States they 
had many such problems to deal with, such, for 
instance, as the formation of the conglomerate found 
at Newport, Rhode Island. In this case the pebbles 
washed out were found to be elongated, while in 
other cases the quartz pebbles were not merely 
elongated, but were, to a certain extent, interlocked 
in each other. In other instances, again, an examina- 
tion of the structure of rocks showed traces of a 
similar action, every grain of sand being similarly 
flattened and elongated. To account for these 
phenomena the theory had been advanced that the 
alteration in the form of the pebbles, &c., was due 
to the “ flow” of the material composing them, but 
this theory had not at first been favourably received 
on the other side of the Atlantic. He (Professor 
Blake), however, had held that theory, and he was 
confirmed in his opinions by the results at which 
M. Tresca had arrived. M. Tresca had stated, in 
his paper, that the “flow” was not observable in 
vitreous and kindred substances, but he (Professor 
Blake) instanced the case of ice, and stated that it 
had been clearly shown that the change of form, 
which can be produced in ice by pressure, is certainly 
not necessarily attended with fracture andre-gelation, 
as was at one time generally sup . Ought we 
not, he asked, to consider a// substances as mobile 
under certain conditions ? 

Mr. I. Lowthian Bell, who spoke next, observed 
that M. Tresca’s researches formed an admirable 
instance of the manner in which mechanical science 
might be benefitted by abstract science, and he re- 


which had necessarily been expended by M. Tresca 
before he had arrived at the conclusions of which he 
had given such a succinct account. As regarded 
the remarks made by M. Tresca concerning fibrous 
and non-fibrous jiron, he (Mr. Bell) considered that 
the absence of fibre in Swedish iron was due to the 
mode of manufacture rather than to the particular 
uality of the material. M. Tresca had referred to 
e siliceous ‘‘skeletons” which might be obtained by 
treating iron on M. Le Chatelier’s method; but he 
(Mr. Bell) observed that no such ‘‘skeleton ” formed 
of silica alone could weigh about one per cent. of 
the original weight of the iron as stated, as with 
many irons there would only be about }$ per cent. 
total impurities, the remaining 99} per cent. bein 
metallic iron. As ed the iron which h 
been alluded to as being formed of iron wire pro- 
perly piled, there would in that case be a great 
amount of surface compe and the oxidation would 
therefore be ter than usual, 

Next Mr. 
M. Tresca’s labours amounted to the development 
of a new science—described an interesting practical 
—— of the flow of solids to the manufacture 
of crossings for railways. In the crossing devised 
by Mr. Williams some years ago, and described by 
us at the time, the continuity of the through rail is 





preserved, a groove being formed across the face of 
the rail for accommodating the flanges of wheels 


ice Williams—after remarking that | W 


passing to or from the branch line. As originally 
carried out, this form of crossing required a special 
rail section; but it occurred to Mr. Williams that 
the required groove might possibly be formed by 
pressure, the matter squeezed out of the groove being 
made to flow into the web of the rail, and thus to 
afford the extra material just where it was required. 
With the co-operation of Mr, Tweddell and Mr. 
Platt, of Messrs. Fielding and Platt, of Gloucester, 
the operation thus suggested had been very satis- 
factorily carried out, and an example of the work 
done was exhibited to the meeting. Mr. Williams 
expressed his opinion that ultimately much of the 
shaping of iron now performed by hammering will 
be effected by squeezing, and he inquired whether 
the development of heat under the process of forging 
referred to by M. Tresca, was e y attendant upon 
the process of squeezing. Finally he suggested that 
the cold rolling process, to which allusion had been 
made in esca’s paper, might possibly be 
beneficially employed to improve the power of steel 
or other rails to resist wear. 

The next speaker was Mr. A. Paget, who urged 
that iron was never really fibrous, and inquired 
whether the so-called fibres might not really be 
assemblages of. crystals, He also agreed with the 
opinion expressed by Professor Black as to the 
mobility of all substances, and he referred to pitch 
as a well-known instance of the manner in which a 
solid substance changes its form by the “flow” of 
its particles. Next Mr. Hopkinson referred to the 
influence of time on the manner in which the changes 
of form in a solid are effected, and inquired of M. 
Tresca as to whether this point had been investi- 
gated. He also alluded to the widely different 
effect of a light hammer giving rapid blows and of 
a heavy hammer moving more slowly, and he like- 
wise inquired whether—and to what extent—the 
tensile strength of a bar or wire is influenced by the 
rate at which the stretching is produced. The 
** flow” of pitch alluded to by Mr. Paget he con- 
sidered to be that of a very viscous fluid and not 
that of a solid, and he concluded by giving some 
interesting facts regarding the action of a glass 
fibre + geal torsional strains applied for different 

ri 

Mr. I. Lowthian Bell, in reply to remarks made 
by some of the speakers, observed that, in his 
opinion, the so-called ‘‘ fibre” of iron was developed 
by the operation of fracture, and did not exist in 
the bar in its normal state. When a bar left the 
rolls and was allowed to cool, its particles, he con- 
sidered, arranged themselves in crystalline form, the 
crystals being larger in an impure iron than in one 
better worked, and in the former case the crystals 
might be too large to develop the so-called fibre 
during the operation of fracture, As regarded the 
a that rails might be improved by cold 
rolling he had, he stated, tested this with iron rails ; 
and rails subjected to such a process, and thereby 
elongated from a length of 24 ft. to one of 24 ft. 6in., 
had been tested on the high-level bridge at New- 
castle, where the wear of rails was excessively 
rapid. The cold-rolled iron rails were, however, 
not able to compete in endurance with the steel 


ferred to the vast amount of labour and research | rails 


M. Tresca (who spoke in French) then replied to 
the discussion. Referring first to the remarks made 
by Professor Blake, M. Tresca compared the geo- 
logical action described to that which has been 
found to occur in the manufacture of drain pipes, 
and he illustrated by sketches the effect of pressure 
on a mass of earth. Ice, he stated, was decidedly a 
plastic material, as evidenced by the behaviour of 
superposed discs of ice placed over an orifice of 
smaller diameter than the discs, and then subjected 
to pressure. Time, he considered, was an element 
to be taken into consideration in dealing with the 
flow of solids; with regard to what had been said 
concerning the relative development of heat by the 
operation of forging and squeezing, he explained 
that this heating was due to certain internal work 

erformed as described in his paper, and that so 
ong as this work was performed the heat developed 
was the same whether the “flow” was caused by 
forging or pressure, Referring to Mr. R. Price 

iNliame? process of making rails suitable for rail- 
way crossings, M. Tresca remarked that he had 
subjected the samples shown to the action of acids 
in order to obtain an indication of the way in which 
the flow took place. The rail operated upon, how- 
ever, being of steel, the required indications were 
not forthcoming. 

A cordial vote of thanks having been awarded to 





M. Tresca by acclamation, an interesting paper was 
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then read ‘¢ On the Hydraulic Machinery at Toulon 
Harbour,” by M. Mare Berrier Fontaine, Ingénieur 
de la Marine, Toulon. The discussion of the paper 
was postponed until the following day, and we 
therefore also postpone our remarks respecting it. 

With the reading of M. Fontaine’s paper, the 
meeting of Tuesday last terminated, and the mem- 
bers then visited the School of Mines and the 
Observatoire, they being received at the latter place 
by the director, who, together with the astronomer, 
gave explanations of the various instruments, 
Amongst these is a fine new telescope with a reflec- 
tor 1.20 metres, or nearly 48 in, in diameter. In 
one of the rooms also the visitors were shown a line 
traced on the fioor, this line being the meridian of 
Paris, from which French longitude is measured. 

At the meeting on Wednesday morning, the pro- 
ceedings commenced with the discussion on M. Marc 
Berrier Fontaine’s paper read on the previous day, 
this discussion being well sustained. A very interest- 
ing paper ‘“‘ On Mechanical Traction on Tramways,” 
by M. Anatole Mallet, was then read, and on this an 
excellent discussion also took place, The last paper 
read was one ‘‘On the Greindl and other Rotary 
Pumps,” by M. L. Poillon, and this having been 
followed by a brief discussion, the meeting ad- 
journed. In the afternoon some of the members 
visited the Ivry Gas Works by invitation of the 
director, while others attended at the Exhibition. 
In the evening a large number of the members dined 
together at the Grand Hotel. Yesterday the first 
paper read was one by Captain Galton ‘‘ On the 
Effects of Brakes on Railway Trains,” and this we 
publish on another page. We shall, however, have 
to leave our notice of yesterday’s proceedings and 
also our detailed account of those on Wednesday 
until our next number. 








THE MICROPHONE. 

On Saturday last, the 8th instant, Professor D. 
E. Hughes read before the Physical Society of 
London a paper ‘‘On the Physical Action of 
the Microphone,” which we publish in extenso on 
page 48] of the present issue. 

At the close of the reading of the paper Professor 
Hughes demonstrated the practical application of 
the microphone to medical and surgical practice, in 
which application he has lately been associated with 
Dr. Richardson and Sir Henry Thompson. The 
latter eminent operator has proved the great value 
of Professor Hughes’s discovery in operations for 
calculus in the bladder and for the detection of 
shot, tullets, or fragments of bone imbedded with- 
in the flesh. It is well known that after the opera- 
tion of lithotrity, if all fragments be not removed, 
each will serve as a nucleus for the agglomeration 
or concretion of: fresh solid matter, the stone being 
said to grow again, and the difficulty in dealing with 
these important operations has been to ascertain when 
all particles have been removed. It has been for 
many years the practice of Sir He Thompson, 
and doubtless of many others, to detect minute 
residual fragments by the sound or click which is 
emitted when the instrument comes into contact 
with them, the sound being conducted through the 
metallic stem of the instrument and heard by a 
practised ear. It will easily be understood that a 
sound so produced and so conducted to the ear 
must be very feeble and uncertain, and the applica. 
tion of Professor Hughes’s microphone for am- 
plifying it having been suggested, Sir Henry 
‘Thompson has been making experiments with very 
great success and has given several demonstrations 
to students at the Anatomical ‘School of the 
London University upon the value of the appli- 
cation. A similar apparatus applied to an ordinary 
probe enables the surgeon to know at once when 
the instrument comes into contact with a bullet 
or fragment of bone, or indeed of any solid substance 
capable of producing a sound on impact with the metal 
of the probe. On Saturday afternoon Professor 
Hughes demonstrated these applications of the micro- 
phone by detecting small shot, fragments of sealing 
wax, &c., hidden in a thick mass of cloth. The Presi- 
dent having a telephone at his ear which was in circuit 
with the microphonic probe, was énabled to signify 
to the audience the moment that the instrument 
operated by Professor Hughes came into contact with 
the minute hard substance, and the value of the 
application was most satisfactorily demonstrated, 
for the fragments were too small to be detected by 
their sound by the unassisted ear. 

The most interesting demonstration, however, 
from a physical point of view, shown by Professor 
Hughes, was in illustration of the mutual action and 





reaction which takes place between a telephone and 
amicrophone. To the corner of a pine board a little 
more than a square foot in area, was attached a small 
pencil microphone, which was placed in circuit with a 
six-cell Daniell battery and two telephones, one of 
which was laid on the table with its mouth directed 
towards the audience. Upon placing the other tele- 
phone upon the board, with its mouth downwards, 
a loud humming instantly commenced which could 
be heard all over the theatre, and what is most re- 
markable this humming was continuous, and, as long 
as the battery lasted, would be perpetual, This in- 
be phenomenon may be explained as follows : 
When the telephone is —— upon the board a slight 
tremor is imparted to the latter, which tremor being 
communicated to the microphone attached to it, an 
undulatory current is produced in the circuit, pro. 
ducing vibration in the diaphragms of the telephones, 
causing the one to produce sonorous vibrations 
which are heard by the audience as a hum, and the 
other to transmit to the board vibrations constituting 
a fresh tremor by which the cycle is started again. 

Professor Hughes pointed out that upon this 

om a telephonic relay might be constructed, for, 

y means of a microphone placed at each interme- 
diate station, a fresh battery current could be 
brought into play, and the message handed on to 
distances beyond the range of the first telephone or 
of the first battery circuit, 

There cannot be any doubt that Professor Hughes 
has, by his discovery, opened up a vast field of 
physical science which was utterly unknown before, 
and by his invention of the microphone has not only 
ae | in the hands of the physicist an instrument 
of extraordinary delicacy and power for the ad- 
vancement of physical science, but-has given to 
the medical profession a new and valuable instru- 
ment by which suffering humanity may be relieved 
and by which new light may be thrown upon man 
of the most difficult and mysterious diseases wit 
which the physician or the surgeon has to deal. 

But while recording the benefits which Professor 
Hughes has conferred upon science and upon his 
fellow men by his discovery of the microphone, 
we must protest against an attempt that seems 
persistently being made to appropriate the laurels 
won by that instrument for pushing forward an 
obvious imitation of which no satisfactory proof has 
yet been given even of its existence, and the most 
reckless statements are made in which the suc- 
cesses achieved by the microphone are spoken of as 
if won in reality by something else. 

We should have thought that from recent ex- 
periences our contemporary, The Engineer, had had 
enough of the ‘‘ magnophone,” and would have been 
content to let that little ly Sy business be 
forgotten as soon as possible, but in last week’s 
issue our contemporary produced another article on 
that most wonderful instrument, and tells us that 
the magnophone ‘‘is attracting considerable atten- 
tion not only among men who regard science in the 
abstract, but among those who are only interested 
in its practical application to the daily needs of our 
existence,” and also that ‘‘ Steps are being taken to 
introduce it into commercial operation.” The article 
then goes on to refer to Sir Henry Thompson’s ex- 
periments, which we have described, but it is worded 
in such a manner as to lead the reader to sup 
that the magnophone had as much to do with those 
experiments as the microphone, 

To this article The Engineer appends the follow- 
ing foot-note, which we cannot resist printing in 
extenso, taking upon ourselves the risk of infringing 
our contemporary’s copyright : 

Some observations on this subject have appeared in the 
columns of a contemporary which are intended to throw 
doubt upon the existence of the “‘ ophone’”’ altogether. 
That we did not state that Mr. tt’s paper was not 
actually read at the meeting of the Society of Telegraph 
Engineers, was simply because the discussion on . 
Preece’s paper extended until an hour too late to unable 
us to effect the alteration. When the exigencies of circula- 
tion compel our contemporary to go to press as early as we 
are obliged to do, he will realise the difficulty, of which, 
apparently, he has now no idea, of keeping his readers fully 
informed, and atthe same time altogether avoiding techni 
inaccuracies, which, after all, are trifling compared with 
the benefit of early news. Tosay that the paper is mythical, 
when it was in the hands of the meeting, was actually 
read by the chairman of the meeting, the secretary, and 
by Mr. Preece himself, to say nothing of its being perfectly 
well-known toa number of the members present, in- 
cluding Professor Hughes, is to argue either that the writer 
of the observations was very ignorant of facts or very dis- 
honest, and we prefer to believe the former. 

The above sentiments, expressed by our contem- 
porary and authenticated by the editorial initials, 
will say more in support of the remarks, which they 
are intended to answer, than any further words of 





ours could do, and they will — many phenomena 
of journalistic enterprise which before had been 
penkectiy inexplicable to its readers. 

We nowlearn that in the opinion of 7he Engineer the 
disadvantages of inaccuracy are ‘trifling compared 
with the benefit of early news ;” in other words, that 
if information cannot be obtained in time to go to 
press, it must be ‘“‘magnophoned,.” We are told 
that the exigencies of circulation compel our con- 
temporary to go to press earlier than we do, and that 
therefore early news, which can easily be obtained b 
us, cannot be so obtained by our contemporary, an 
this is given as an excuse for ‘‘ magnophoning” it. 

With respect to the concluding portion of our 
contemporary’s foot-note, we have applied. to the 
Society of Telegraph Engineers for a statement of 
the exact facts connected with the so-called ‘‘ Paper” 
of Mr. Scott, and we have received from the 
secretary the following reply : 

Society of Tel: h Engineers, 4, Broad 
vs rie Seeing 


To THE EDITOR oF ENGINEERING. 

S1r,—Referring to your inquiry as to the accuracy of 
the statement contained in a foot-note on page 408 of last 
week’s issue of The Engineer, I beg to say that I have my- 
self no recollection of having seen ‘‘ Mr. Scott’s paper ”’ 
therein alluded to ; but I learn from the honorary secretary 
that at the meeting of the Society on the 23rd of May one of 
the visitors put before him a proof of an article on ‘ The 
a which he understood him to say was to be 
— hed in a weekly journal during the current week. 

e glanced at it, and the President's attention to the 
title; the President returned it without remark to the 
honorary secretary, who handed it back to the visitor also 
without remark. He tells me that he merely skimmed the 
paper, which is more than the President did. As the 
article was ly set up in publishing form, and was put 
before the honorary in a state of ‘final proof” 
for publication, he thought that it was merely shown him 
in order that he might obtain the publication when issued 
ose at his leisure if in his opinion it was of sufficient 
interest. 

‘* Mr. Scott’s paper” was certainly never submitted to 
the meeting either formally or informally. 

remain, Sir, yours obediently, 


F, H. Wzss, 
Secretary Society of Telegraph Engineers. 

We think the above official statement will, in the 
words of our contemporary, upon which we can 
hardly improve, * — either that the writer of the 
—(magnophonic)—observations was very ignorant 
of facts or very dishonest, and we prefer to believe 
the former,” and we think it shows conclusively that 
our conjecture No. 2 (see page 436) was the correct 
one. Shouldour contemporary, however, desire to 
hear more on the subject we would recommend him 
to apply at the offices of the Society of Telegraph 
Engineers, or make inquiries of the President, of 
Mr. W. H. Preece, of Professor Hughes, of Sir 
Henry Thompson, or indeed. of any of the members 
who were present at the meeting. 





HORIZONTAL CONDENSING ENGINE AT 
THE PARIS EXHIBITION. 

Our double-page engraving this week illustrates one 
of the most interesting and important engines now ex- 
hibited at Paris—a horizontal condensing engine con- 
structed and exhibited by the Swiss Locomotive and 
Engine Works, of Winterthur, and designed by Mr. 
Charles Brown, the engineer to the company, a gentle- 
man whose name is tolerably well known in England. 

In our engravings Fig. 1 shows a longitudinal section 
through the engine and air pumps, Fig. 2 a plan, Fig. 8 
a half-cross section through the cylinder, Fig. 4 a half- 
end elevation. The principal dimensions of the engine 
are as follows: 


ft. in. 
Diameter of cylinder ‘ 15.75 
Stroke > eee sat ea eco 27.56 
Length of connecting-rod ... oie «. 6 6.74 
Diameter of air pumps __... tas te 11.02 
Stroke ee Peers ive ods 7.48 
Diameter of flywheel std 3 « 8 6.86 
Number of revolutions per minute 120 


The bedplate, if we can retain the old name for 
what is in fact a bedplate no longer, is Y-shaped, one 
end bolted to the cylinder, the other carrying the two 
crankshaft plummer blocks. Under each of these is a 
foot, and the whole weight of the engine is taken by 
these two supports, together with a third under the cy- 
linder, an arrangement which prevents practically any 
chance of twisting the casting in fastening down, while 
at the same time it does not appear to sacrifice steadi- 
ness. The main bearing caps are made to bolt up dead, 
metal to metal, separate screws being provided for taking 
up the wear of the brasses in two direct Am 
details worthy of note about the bedplate is the neat 
arrangement of ring shelf round the brackets below the 

lummer blocks for oatohing waste oil (Figs. 1 and 4), 
The guides are bored out, and a large opening in the top 
of the frame, between the guides and the cylinder, per- 
mits easy access to the piston-rod stuffing-box. 

The cylinder has a general resemblance to that of the 
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Sulzer engine. The liner is separate from the main cast- 
ing, and boiler steam has always access to the jacket 
space thus formed, passing from it to the steam valve 
© bers, when the stop valve on the top of the cylinder 
is opened. The piston rod is left large through the whole 
of its working length, the ends of the enlarged part being 
allowed to overrun the gland and 'stuffing-box at the ends 
of the stroke. The piston rod is prolonged at the back, 
and fitted with a small guide in order that it may be used 
to work the two vertical air pumps (Fig. 1) by means of 
a bell-crank rocking lever. 
A pair of cast-iron counterbalanced discs are used, so 
that the shaft is quite straight. The bearing beyond the 
flywheel (not shown in our engravings) is mounted on a 
spherical bush of cast iron, carried by a substantial 
bracket, the whole forming altogether a capital arrange- 
ment. 
Although the whole design of the engine is one which 
pleases us very much in many respects, its special features 
are no doubt its valve gear and valves. The former is 
particularily interesting and worth examination, and 
although we have had occasion formerly in describing 
another engine of Mr. Brown’s to say something about it, 
it may be well to point out its leading characteristics 
again, The steam valves are worked entirely without 
an eccentric by a simple combination of levers. A pin 
fixed in the connecting rod near its centre, moving itself 
in the well-known oval curve, causes the lower end of a 
vertical lever to travel in a somewhat similar path. The 
upper end of the same lever is guided in an (approxi- 
mately) straight line by a parallel motion. To a point a 
little below the top of this lever is attached a long con- 
necting rod, which is coupled directly to the buffer spindle 
which moves the valves. When the whole gear is in the 
position shown (the highest position of the governor), the 
line in which the upper end of the vertical lever moves is 
itself vertical, and the point which drives the valves has 
consequently an exceedingly small travel ; it moves in an 
oval curve whose diameter in the direction of the motion of 
the buffers is very small. If, however, the governor balls 
fall, the plate carrying the centres for the parallel motion 
is tilted a little so that the motion of the guided point is 
nolonger vertical but oblique, and the motion of that point 
has itself, therefore, a component in the direction of the 
motion of buffer rod. The stroke of the valves is in 
this way greatly increased, or (what amounts to the 
same thing) the period of admission is greatly lengthened. 
By a proper proportioning of the lengths and positions 
of the different levers, a very excellent steam distribu- 
tion is obtained. 

The valves themselves are double-beat valves with 
narrow faces, lifted by bell-crank levers placed above 
them. At the upper end of each of these levers is 

* swivelled a small buffer, the boss of which is hollow. 
These two hollow bosses serve to carry and guide the 
buffer spindle which we have already mentioned, which 
is worked by the valve gear in the way described. 
Strong double springs, placed in boxes above the valves, 
press them always downwards. These springs, there- 
fore, keep the two buffers always in contact when the 
valves are open, so that the speed of closing is determined 
by the engine, and the valves are not left at the mercy of 
the spring. A sufficiently sharp cut-off is obtained in 
this way without the disadvantages attendant on leaving 
the valves to themselves. Still further to prevent the 
possibility of the valves coming to their seats with any- 
thing like a shock, each is fitted with a steam buffer 
valve of special construction. The scale of our engraving 
has not permitted us to show this in detail ; the arrange- 
ment is as follows: The upper part of the seat is made 
cylindrical, and grooved circumferentially, and round 
this cylinder the valve boss fits, there being a little space 
between the two at the top when the valve is closed. 
This upper part of the seating is hollow, and communi- 
cates by small radial openings (one of which is shown 
in Fig. 1) with the outer steam. At the top of the little 
cylinder thus formed in the seat works a valve, which 
has a small hole bored right through it, and through 
which there is therefore communication with the outer 
steam. 

When the main valve is lifted «his auxiliary valve 
lifts also, to allow steam to pass into the enclosed space 
above the valve seating. When the main valve begins 
to fall the auxiliary valve at once drops, and the steam 
enclosed above it can only escape through the small hole 
in the valve (the grooving prevents leakage round the 
seat), and can thus be made to retard the fall of the valve 
to any desired extent. In order to avoid the incon- 
veniences caused by the difficulty (with these valves) of 
making the axis of the valve always coincide with that 
of the valve spindle, Mr. Brown here m: kes them quite 
separate, and connects them so that any small lateral 
deviation of the two axes does not effect she working of 
the valves, or strain the spindles. Collars are turned on 
the lower end of the spindles, and these are embraced by 
a kind of nut made in halves, which screws into the upper 
part of the valve. The rings and grooves fit endwise, 
but the latter are made larger in diameter than the 
former, so that some side play can occur. 

The exhaust valves are also double-beat valves and 
are worked by cam levers driven by a light eccentric 
placed on the shaft. is case, as with the steam 


always up to the faces against which they work. 

The arrangement for working the stop valve is very 
neat. The cover is made with a very deep boss, and the 
spindle carried pp through it. Thespindle has a number 
of grooves turned on it, which reduce the leakage so far 
that scarcely any packing is required in the small 
stuffing-box at the top. The upper part of the boss has 
a quick thread turned on it, outside, on which is screwed 
a cap attached to the valve spindle and having (see 
Fig. 2) a hand lever fixed to it. The plan is not only 
very neat in appearance but very handy in use. 

As to the engine in general we may say that whether 
as to workmanship or design it seems one of the most 
satisfactory in the Exhibition. We are the more pleased, 
therefore, that its designer is a countryman of our own, 
although he has been so many years working abroad. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 
Address of the President, Mr. Jonn RoBInson.* 

GENTLEMEN,—I submit to-day to the usual tyranny of 
custom, and ask your kind consideration of the few words 
which I venture to address to you before you are set free 
for the intellectual enjoyments which our summer meetin 
this year, held as it is in one of the most scientific an 
philosophic capitals of the world, and in the presence of 
one of the most interesting Exhibitions we have ever seen, 
places within the reach of all those of our members who 
are fortunate enough to be present on this occasion. 

Meeting under such circumstances and surrounded by 
men who sympathise with every effort after intellectual 
progress, we should, I think, try to take advantage of the 
opportunity of widening our view of the obligations which 
the engineer places himself under by the simple fact of his 
assuming that title. ‘ sith 2 
I suppose that the very name of engineer implies the 
aptitude for efforts of the mind which, though temporary 
in themselves, tend permanently to diminish the efforts of 
the body previously necessary to accomplish any desired 
object. The consideration of such objects will, I think, 
naturally divide the endeavours of engineers into various 
branches ; perhaps they may conveniently range themselves 
in the following order : 
1. Agricultural Engineering. — The primary object 
being the production of food and the materials for clothing 
with the least possible effort of the ar 

2. Manufacturing Engineering.—The object being to 
convert the products of nature into forms more and more 
suitable for the food and clothing of men. 
3. Commercial Engineering.—By which I mean the 
creation of es for the transport of these original 
products to the workshops of the manufacturer, and again 
to the homes of the consumer, together with the means of 
facilitating communications ar ey them. 
4. Military Engineering.—The object of this science 
being the protection of what we may already have become 

sessed of from violent attack, and perhaps, also, the 
duty of aiding to keep order over the whole surface of our 
globe. 
One cannot but be struck, in looking round upon the 
world, with the vast number of people who are rapidly 
coming within the range of our more advanced civilisation, 
and at the same time with the very rapid increase of the 
population in many of those countries which are already 
civilised. In both instances, we are startled by the neces- 
sities thus disclosed of providing the means of comfortable 
existence, both for these newly approached multitudes, 
and also for the less favourably placed inhabitants of our 
older countries. 
Reflection on this condition of things, which at the pre- 
sent moment everywhere unfortunately presses upon us, 
will, I think, go to show that what it is now usual to cry 
out against as over production, can have no real existence. 
Let us not limit our consideration to small areas, but let 
us look cowrageously around us and say if, with all the 
needs of food and clothing presented to us in the course of 
our survey by the vast majority of the humanity of our 
globe, such a thing as over production has yet become 
possible. 
I say let us look courageously, and I use the word ad- 
visedly, as I am conscious (an who amongst us is not 
conscious ?) that the results of the work of the engineer 
are credited with half of the misery which we see around 
us ; people say : “‘ Too much of everything produced and a 
market for nothing left to us.’’ While the law of the 
political economist, that demand and supply must of neces- 
sity adjust themselves to each other, seems to have lost its 
place in our philosophy, let me ask are the efforts of the 
icultural engineer and of the agriculturist, even if 
blessed onl with euch simple implements as our late Presi- 
dent so skilfully brought within the of engineeri 
I say are these efforts to be stayed so long as any one of 
our race is suffering from the lack of the means of sub- 
sistence? Surely we answer no ! 
Are the efforts of our manufacturing engineers to be 
stayed while we see upon our globe of variable and ever- 
varying climates, e altogether unclothed, or clothed 
insufficiently for their comfortable existence? Surely we 
say no! 
Are the efforts of our commercial engineers to be stop 
so long as we see the products of the earth in one toneed 
running to waste, whi La cmp elsewhere are anxiously 
yosens for similar products either for consumption as 
ood, for >) in manufacture, or for enjoyment in 
civilised life ? yy Le say no! 
and, lastly, are the efforts of our peaiiany onguneene bo 
be stayed so long as we see violence and -will arming 





rate fixed by the engine, the cam levers being kept} themsel 


vention once signed cannot be abrogated without the con- 
sent of all who were parties to it? Again, we must say 
no! 

In these four lines of consideration I think we see th 
greatest encouragement to the engineer to pursue his 
efforts with vigour, so as to place within the reach of ev 
one the greatest possible supply of food and clothing with 
the least possible ee om of labour, together with 
facile communication t — the world, the whole pro- 
tected by those means of defence and attack which have 
been provided by our great inventors of the munitions of 
war, and in the hands of our brave, vigorous, and 
intelligent land and sea forces. 

Let us then hold on our course and leave to the political 
economists to provide, by some philosophy they seem not 
as yet to have discovered, the means by which the products 
thus created and distributed by the ingeniwm of the engi- 
neer may be speedily and effectually procured by those 
whom they have hitherto failed to reach. 

Tt has toes said by a somewhat amusing, though clever 
English writer, that man is at liberty to use all the powers of 
nature so far as they evidently present for the 
relief of his labour in supplying his necessities. It would 
therefore allow us the windmill to utilise the motion of 
the air, and the water-mill {to employ the gravitation of 
the water, but to burn up the stores of nature in order to 
produce an elastic fluid capable of performing many of the 
operations hitherto exacted from that machine of highest 
complexity we call man, is in his opinion an abuse of the 
means within our reach, and a violation of the intentions 
of the Creator. We can afford to smile at the limitations 
thus attempted to be imposed upon our ingenuity, and we 
are not discouraged thereby from making continual ad- 
vances into hitherto unknown regions of invention and con- 
struction ; but when the same writer urges that all our 
labours should evidence conscientious effort to produce 
the best results within our reach, we must, I think, pause 
and ask ourselves whether as inventors or manufacturers, 
whether as men or masters, we are all striving after such 
perfection of art and workmanship as will enable us boldly 
to face the purchaser after long {possession of our pro- 
ductions, or to bring them to a tribunal like that now 
offered to us in this great city, with the fullest confidence 
that, for the purpose intended, they are as good as any, if 
not the best of their kind. 

I shall, I am sure, be pardoned by our non-English 
friends if I refer to a matter of business in which they are 
perhaps not very directly interested. Our members will 
call to mind that at our Tast anniversary meeting in Lon- 
don, power was granted to the Council to prepare articles 
of association and other adjuncts of a new constitution, 
and also to apply for registration as a corporate body. 

am happy to say that after many prolonged meetings and 
much careful consideration, the Council have succeeded in 


sonenene the necessary documents, and may ere long 
an to communicate the accomplished result to the 
members. 


I would also, at the risk of seeming tedious, refer to the 
op of the rooms which the Institution now occupies as 
its domicile, No. 10, Victoria Chambers, Westminster. The 
are large, handsome, and convenient, are provided wit 
books, periodicals, newspapers, &c., for the use of the 
members ; and I am sure that our officers, Mr. Browne, 
Mr. Bache, and others, will always have the greatest 
pleasure in receiving our members there, and in giving all 
possible information to any foreign ineers, whether 
members or not, who may find themselves in need of 
assistance in regard to mechanical and engineering pro- 
cesses during their visits to our English capital. 
In the few moments left to me I must request your 
acknowledgment of the kindness of those friends who have 
been considerate for our enjoyment during our visit to 
this city. Many of us have not forgotten the hospitality 
extended to us on a former visit our still constant 
friends, M. le General Morin and M. Tresca, in opening to 
us so widly and so readily the doors of the Conservatoire 
where we are now again assembled, thanks to this repeated 
kindness of the general and our other friends. Our grate- 
ful acknowledgments are likewise due to the Société des 
Ingénieurs Civils for their kindness in so hospitakly grant- 
ing the use of, their Institution to our members, who I am 
sure will fpeeaeete the advantages which have been thus 
placed within their reach. 
Nor must we over without befitting recognition the 
opportunity which is afforded us by M. Buffet, engineer, to 
pay a visit to the great works connected with the sewage 
and water supply of Paris, nor of the hospitality kindly 
extended to our members in the permission given to us by 
M. Menier to look through his world-renowned manufac- 
tory at Noisiel. 
We must also express our appreciation of the recognition 
of the platform of our Institution as a suitable one for the 
discussion and criticism of scientific and mechanical ques- 
tions, as evidenced by the treatises prepared for this meeting 
by M. Tresca (for the second time), M. Marc Berrier 
ontaine, M. Anatole Mallet, M. Poillon, M. Prosper 
Closson, M. Powell, Captain Galton, and M. Hippolyte 
Fontaine. And I know how heartily yéu will accord me 
still a few minutes, I will not say to remind you of, but 
rather to call for the expression of your gratitude for, all 
the able, painstaking; and untiring efforts put forth by our 
honorary local secretary, Mr. Henry Chapman, on this 
happy occasion. It is pleasant to have discovered that the 
labours of 1867 have not made him unwilling to renew 
them in the same cause after a lapse of more than ten 
years, and I am sure it will be gratifying to all our members 
to feel that the Institution not only enjoys the advantage 
of the practised aid of Mr. C at a time like this, 
but that they have secured, and I hope will ently 
retain, his services as a member of the of the In- 








valves, the valves are closed by a spring, but only at the 





* Delivered at the Paris meeting, June 11, 1878. 
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THE FLOW OF SOLIDS. 
On Further Applications of the Flow of Solids.* 
By M. Henri Tresca, President of the Société des 
Ingénieurs Civils, Paris. 

Tux author has been requested by the Institution of 
Mechanical Engineers to communicate a second paper on 
the results of his experiments on the flow of solid bodies, 
on which subject he his first paper on the 11th Sep- 
tember, 1867. 

Prevented by the pressure of other affairs, he has not 
been able to bestow upon such researches all the attention 
which they merit; but hopes to be able to respond to 
the demand by giving expression to some useful conclu- 
sions which flow from those already formed from the first 
experiments. 

These original facts can be clearly reconciled and har- 
monised with our general knowledge of the strength of 
materials ; and more particularly with the different phases 
which are habitually recognised ‘in the omena of com- 


pression or of extension. This connexion, in some degree | P® 


theoretical, has enabled the author to carry out his new 
investigations under entirely different circumstances, and 
to supply fresh evidence in their favour drawn from their 
— of yy . 

For ies two distinct periods are recognised 
period of perfect elasticity, which 
of length proportional to the a 3 and the 
period of imperfect elasticity, during which the changes of 
dimensions, on the contrary, imereasé more rapidly than 
the pressures. If the snonnh diaaieel deformation be alone 
considered, it is easily understood that it leads finally to- 
wards a condition in which a Father force, sufficiently t, 
would continue to produce deformation, so to say, without 
limit—such as may be observed in the process of drawing 
lead-wire. This particular condition, in which the deform- 
ation is indefinitely augmented under the operation of this 


great force, constitutes in fact the geom definition of 
a third period, which has been desi by the author 
as the period of fluidity, and to which the greater part of 
his experiments on the flow of solids are related. 


The period of fluidity is more extended for plastic sub- 
stances ; it is necessarily more restricted and may alto- 
gether disappear in the case vitreous or brittle sub- 
stances. But it is perfectly develo in the case of the 
clays and in that of the more malleable metals. 

In his paper of 1867, the author considered the de- 
formations of these substances by flow under certain given 
conditions ; such as the flow of a cylindrical block through 
a concentric orifice, or through a lateral orifice, one of the 
most novel subjects of his researches ; also plate-rolling, 


forging, and punching. It was there demonstrated that | pun 


in these erent mechanical actions the pressure was 
gradually transmitted from place to place, with jloss from 
one zone to another, in absolutely the same manner as in 
the flow of liquids, and witha regularity not less remark- 
able, but following a much more rapid law of diminution. 

The pressure may be very considerable at certain points, 
whilst it may be nothing at all at other points, and the 
study of the various modes in which pressures may be trans- 
mitted constitutes in fact a new branch of investigation to 
which M. de Saint-Venant has given the name of plastico- 
dynamics. It is chiefly in the operations of punching 
metals that this mode of transmission of pressure has been 
manifested, whilst the processes of forging, on their part, 
have afforded the means of establishing the correlation 
between those molecular phenomena, and the development 
of heat which is their direct consequence. 

With respect to the formation of the jets of solid matter 
similar to jets of liquids, one more experiment only will be 
referred to, of recent date, by which the likeness is com- 
pleted, and becomes absolutely illusive. 

Two half discs of lead, forming portions of a cylinder 
4 in. in diameter, were placed in juxtaposition in the 
compression-press, so as to form a whole disc. Under 
the pressure of the piston they resolved themselves into 
a cylindrical jet, identical in appearance with those jets 
which had previously been obtained, but formed in reality 
of two semi-cylindrical jets in perfect contact. Their 
surfaces of contact bore especial traces of the successive 
movement of the different layers, and reproduced the exact 
representation in the solid state, of a sheet of water in 
motion. 

Punching.—Regarded as a question of kinematics, the 
punching of various substances, as wax, clay, plastic metals, 
supplies instances of absolutely identical deformations. 
Shortly after the paper of 1867, some nuts which had been 
manufactured by punching hot, in England, and which 
were sent to the author by the kindness of Mr. Bramwell, 
enabled him to remark the same effects, still better de- 
veloped by the phenomena of the drawing of the fibres, so 
well manifested in the specimens now lying on the table. 

The two punches, which act in opposite directions, enter 
the block of metal from opposite sides, and the piece which 
is left between them is diminished in thickness by flowing 
from the centre towards the circumference, until, when the 
two punches are moved in the same direction, the piece re- 
~ hg @ minimum thickness, is shorn off and discharged 
outside. 

The phenomena which take place in this metal, softened 
by heat, are such as would take place in a liquid ; and they 
lead us to expect that the deformations observed in punch- 
ing lead should be produced similarly in analogous opera- 
tions on the hardest of metals. 

The author had already shown the inflexion and the 
curving of the fibres by the punching of discs of cold iron, 
at the works of MM. Cail and Co.; and also the same 

henomena in the burrs which were punched out; but he 
not been able, on account of the insufficiency of his 
apparatus, to obtain, with iron, as much reduction of the 
height of the burr, as was obtained in his experiments with 


more plastic substances. 





* Paper read before the Institution of Mechanical En- 


The section of one of these burrs, taken in a 


eformations produced. 
In a special memoir presented to the Academy of Sciences, 
on the 3lst December, 1869, the author endeavoured, on 


fluidity, as it is called, just under the punch, to establish a 
ary formula for the measure of the reduction of the 

eight of the burr, taking into account the whole height of 
the burr, its diameter, and the diameter of the punch. 
The height L was given by the formula : 


L=R ( 1 +log.#) 


in which RB and R, represent respectively the radius of the 
burr, supposed to be cylindrical, and the radius of the 
punch. 

When the punch penetrates, it forees the material to 
spread laterally, until the moment when the solid unaltered 
rtion below presents a less amount of resistance to shear- 
ing than is applied to the continuation of the lateral spread. 
This argument suffices to show that all burrs of the same 
section should be of the same Sm 

By the results of another 8 entary series of 
experiments, it was established that all the different 
materials, subjected to the same action, the results were 
substantiall. e, and corresponded exactly to the dimen- 
sions given by the formula. 

But, at that time, the author was unable to experiment 
with blocks of iron sufficiently thick to embrace a e 
of evidence as to the reduction of the height of the 
burr, suchas had been obtained with other materials ; and 
itis only quite recently that the results of experiments on 
pune! made in America have appeared, and have in 
a remarkable manner confirmed @ posteriori the results of 
his Fst Se: 

veral specimens of t. unchings,. skilfully pre- 
pared by Messrs. Hoopes pe Townsend, have been Por. 


warded from the Philadelphia Exhibition, to the author. | o 


But the burrs proved a little longer than the lengths as 
deduced by means of the formula ; the fact being that the 
blocks which were sent had been planed after the burrs had 
been punched out, to dress the faces. When the actual 
unplaned blocks arrived, they satisfactorily confirmed the 

braic formula. 

he reduction of height seemed at first incomprehen- 
sible ; and it can only be explained by the flow of a portion 
of the material into that of the block. It is to be re- 
marked, too, that the lower face of the burr is convex, and 
the upper face is concave; with respect to the latter, the 
ch only crushes the material at the edge, whilst the 
middle of the face, notwithstanding the forced passage 
through the block, retains the original tool-marks, 

The formula is deduced, as has seen, from certain 
hypotheses on the mode in which pressures are trans- 
mitted ; and though it be only a icular case of more 
general formulas, cited in the author’s memoir on punch- 
ing, it retained somewhat of an empirical character. 
Thanks to the researches of M. Boussinescq, in his theo- 
retical essay on the equilibrium of pulverulent masses com- 
pared with that of solid masses, it takes its place asa 
rational formula, and it may therefore be accepted jwith 
complete confidence. 

In one specimen only of all those which have been pre- 
pared by Messrs. Hoopes and Townsend, the pressure 
exerted by the flow of the metal has burst the block, and, 
on a close examination of the bottom of the cavity form 
by the punch, in consequence of the mode by which the 
pressure was transmitted, all the features of the results of 
the explosion of a projectile there may be found. 

A few more~ sketches of punched blocks are added, 
showing precisely the contortions produced in the lines of 
junction y the passage‘of the punch. 

It would be unpardonable if, on this occasion, no mention 
were to be made of the remarkable experiments on iron 
compressed when cold, the results of which have already 
been presented at the Vienna Exhibition, and which have, 
until now, being only received with doubt, and even with 
incredulity. . . 

Can the quality of-iron really be improved by cold-com- 
pression? There is no longer room for doubt as to this, in 
view of the recent researches of Professor Thurston, and 
the numerous specimens which are to be found in the 
collection of Messrs. Hoopes and Townsend, with the 
actual particulars of the forces’under the action of which 
they were ruptured. 

Speaking now only of the experiments with nuts when 
punched cold, Professor Thurston’s tables indicate a con- 
siderable augmentation of resistance relatively to nuts of 
the same dimensions made of the same iron, and punched 
hot. The trials were made, either by applying to the rod 
which carried the nut pressure sufficient to strip the 
thread, or by introducing into the unscrewed nut a conical 
mandrel sufficiently loaded to split the nut. The augmen- 
tation of resistance due to cold punching may be en at 
an average of 25 per cent. ; and this result can only be 
explained by supposing that there is some modification of 
the molecular condition of the surrounding iron, which has 
been subjected to compression by the flow from the mass 
of metal driven out by the punch. 

Forging.—If it be necessary to justify the expression, 
flow of solids, in the case of forgings, it is only needful to 
prove it by the inspection of a collection of specimens of 
rail scalings, found on the Eastern Railway, near Epernay. 
Each blow is in some sort represented by the formation of 
a wave, and drawing-out has taken p: in this fashion. 
by the formation of successive scales for a length of several 
decimetres. Deformations produced by forgi only differ 
from this mode of displacement of the » in this, 
that they are produced for a certain purpose, and at a 
pean at which the metal becomes comparatively 

+. 





gineers : Paris meeting. 





soft. 
The object of the author’s early discussions on the forg- 


vertical y i 
— through the axis, does not admit of any doubt of the the 


the basis of an enlargement of the burr in the zone of | This 


ed.| so effective, that by inking the surface, indented 





oxide of iron, and. off or 
at the surface of the piece when in the hands of 
Leet Ray en of form i 
8 in its several parts. 
less, that the deformation 
action of the hammer was 


more powerful blow practised in industrial 

er wag oe n be compared to a hank 
0 a 

of parallel threads, which interlock with each other 

when it is attempted to draw 


will separate ina much less reg mannér w 
— - the pee direction - es orien of voncme ys 
into confusion the requlartly e 3 
forming knots and voids w must eviden' eave the 
power of resistance which would be by the piece 
Shi effocs te well exemiilid by Wik ppésimen of » rai 
ect is exem y en of a rail- 
ing bar, in the formation of which a bar is 
transformed, in respect of its transverse ion, into a 
number of rectangles and circles regularly distributed, the 
fibres in the circular parts losing the parallelism which is 
visible in the rec’ . This condition would cer- 
tainly be critical, were it not that the central part of the 
enlargements was afterwards to be bored out. 

The interposition of the friable silicates between the 
fibres which are more p metallic, ought to be seri- 
ously taken into consi this case as in many others. 
At pongent a few of the more characteristic facts may be 
noticed. 

From the fact that iron wire of good quality is capable 
of supporting, before giving way, loads much greater than 

ry 3 iron, - e austell of best — iron — to 
work it from piles exclusi com) wire. ongi- 
tudinal section of the bars er prec in this manner, 
having been oxidised, reveals the filiform structure of the 
bar much more clearly than of the specimens of mer- 
chant bar iron. There is ited a specimen taken from 
an old railing at the Conservatoire which broke sponta- 
neously in its place. Having a ter ponte of the 
silicates in its composition, which had imperfectly 
removed in the process of forging, this specimen exactly 
reproduces an analogous ie. ane ’ 

On the contrary, when the best Swedish iron is submitted 
to the same operation it but the faintest indications 
of longitudinal strie, w sometimes can only be pro- 
duced by taki special with that o . ise 

The irons w most eff Ey vasped of sili- 
cates are the best, but the 0 formed 

bars designed to be fag- 


— reheating on the surface 
go is of great importance. 2 
appearances that may be raised 
of copper, or 


The variously coloured 
on well-polished sections, either by a cones 
by fe — of an acid, or, —s = by the actio 4 fe! 
bichloride of mercury, show clearly the arrangement o 
the fibres, enabling us to trace, through all the deforma- 
tion of a piece, the molecular displacements which, but for 
that demonstration, would remain undetermined. 

The treatment by a ry sek solution of hydrochloric 
acid, first employed in the Low Countries by M. de Rath, = 
at the 
parts of least resistance by the action of the acid, proofs 
may be taken, in which the direction of the fibres is per- 
fectly distinguishable. By the emplo t of chloride of 
mercury, the indentations and the fibres are much more 
neatly and delicately defined. 

Without reverting to the examples given in the first 
paper by the author, he will now give other instances in 
illustration of the most. ordinary results from the fibrous 
constitution of the metal. : 

On the basis of the evidence ongolek by the oxidation of 
polished sections of iron, M. Chatelier* sought to 
separate the siliceous matter which envelopes the fibres of 
the metal, by exposing the iron, at a red heat, to a current 


of chlorine. The iron is volatilised by this process, and 
leaves a skeleton as the residue, ha the form of the 
original piece, com of e y fine ents, and 
resembling, more t anything else, the residue left by a 
match which quietly burns without ming, supposing 
that the ash is prevented being ised. 

This siliceous carcase scarcely amounts in weight to a 
hundredth part of that of the metal, but it was associated 


with a certain proportion of iron, which completely disap- 
peared in the course of the tion. ‘ 

i aos bem stated re ae a ag are trons when 
cold; and it appears . object of diminishing 
the wear of bearings, the journals of shafts are sometimes 
hammered, in order to pulverise this interposed foreign 
matter, and entirely to clear it away from the rubbing 


surface. 
(To be continued.) 
Newrport.—There wasa large number of steamers in last 





week, which coal met with the readiest 
despatch, the rule being, in one day and out the next. 
On Saturday, the Elf, of Hull, take in 1500 tons 
SF Nixon’s navigation by r ee of 
ships are expected in a few days, and sev steamers 
from Baltic with for Messrs. Birt, 


sleepers Boulton, 
and Ha: , of the Creosote Works. Two large steamers 
are coming to load rails for the Indian Government, By 
the end of the month shipments of rails are to be made for 
Rio and the Baltic ports, and there is iron in the market 
for Toronto, Pillau, Bilbao, Cadiz, and the Australian 


* © Comptoa-rendus del’ Académie des Sciences,” tome 82, 
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THERAPEUTIC MACHINERY, AT THE PARIS EXHIBITION. 
CONSTRUCTED BY MESSRS. GORANSSON AND CO., ENGINEERS, STOCKHOLM. 





Fie. 1. 


Ong of the novelties which excited considerable in- 
terest in the Machinery Hall of the Centennial Exhibi- 
tion at Philadelphia, was the series of therapeutic ma- 
chinery exhibited by Dr. G. Zander, of Stockholm. In 
the Champs de Mars this collection, with some modifica- 
tions, is again brought together, and it will no doubt 
attract an equal share of attention. The whole number 
of machines is 42, but only 18 are exhibited. Dr. 
Zander is the director of the so-called Mechanico- 
Therapeutic Institution of Stockholm, and his process 
consists in the special exercise of various muscles, and 
also in mechanical operations on portions of the body. 
The institution differs from ordinary gymnasiums, not 
only in its completeness, but also by the introduction of 
mechanical appliances by which every desired kind of 
exercises can be concentrated upon any series of given 
muscles, to a degree entirely under the control of the 
operator or the patient ; and this is an important feature 
in the system, as Dr. Zander claims that it is necessary 
to determine for each class of ailment which he aspires 
to treat, the exact degree of work which should be 
thrown upon the muscles, as well as the precise duration 
of the work. Another feature is, that in each machine 
the amount of work to be performed by the patient can 
be increased or diminished at will, so that the action of 
the muscles can be gradually stimulated. 

The institution of Dr. Zander is on quite an extensive 
scale, and contains 77 machines, of which 18 are used for 
developing the muscles of the arms; 20 for those of the 
legs; 11 for the active movement of the body; and 28 
for its passive movement, The whole of these machines 
are actuated by a 6-horse power engine. The establish- 
ment was opened in 1864, and the number of patients 
treated since that time has been upwards of 2000. There 
are several similar establishments, not on so large a scale, 
in Russia and Norway. 

To convey an idea of the nature of these machines we 
publish on this and the opposite page, engravings of 
four of the series. Fig. 1 is aview of an instrument for 
treating the muscles of the ankle. It consists of a sole- 
plate to which the foot is secured by means of two sliding 
stops working on a screw, and adjusted by a small lever. 
This sole-plate is mounted on a hent axle, the lower end 
of which is pivotted on to the frame of the machine, and 
the upper end is connected with a sliding-bar that passes 
through the spindle of a flywheel on the topof the frame. 
When this wheel is caused to revolve the axle and sole- 
plate revolve with it, with anangularity of movement more 








Fie. 2. 


or less marked, according to the distance of the upper 
bearing of the axle from the centre of the wheel spindle. 
The person operated upon sits in a chair in front of the 
instrument with his foot secured to the sole-plate as 
described. 

Fig. 2 is a compound machine for acting on the muscles 
of the legs, and for friction or percussion on any part of 
the body. The former consists of a horizontal padded 
cushion hinged at one extremity and resting on cams at 
the other, to which a very rapid rotary motion is im- 
parted in such a way that the cushion is thrown into a 
state of intense vibration. The restorative action of this 
part of the machine is very remarkable. The other part 
of the apparatus consists of a vertical spindle sliding in 
long bearings, and capable of being locked at any height 
by the set screws shown. A very rapid reciprocating 
motion is imparted to this spindle by means of the small 
connecting rod shown on the left-hand side of the engrav- 
ing. The pad at the top of the spindle is caused to move 
to and fro with about 600 strokes per minute. This ap- 
paratus is especially intended for application to the back 
and shoulder, and different shaped pads are employed 
according to circumstances. Fig. 3 is a machine 
consisting of a saddle mounted on a shaft somewhat 
like that shown in Fig. 1, the lower end of the shaft 
working in a socket on a sliding bar to regulate the 
motion. The patient sitting astride of the saddle is 
subjected to the influence of a more or less pronounced 
rolling movement, which brings the muscles of the trunk 
into action. Fig. 4 is designed for strengthening the 
wrists. With the fore part of the arm laid flat upon the 
table of themachine, the patient grasps the two handles, 
and slowly raises them, repeating the operation as long 
as necessary. These handles are not connected with each 
other, but are hinged on the inner sides to the table, and 
on the outer are connected to a shaft, on the end of which 
is a short crank, a pin at the end of which fits into one or 
other of the notches shown around the periphery of the 
disc, to which are coupled two rods carrying a transverse 
weighted bar. The effort required to turn this bar upon 
its centre varies with the position of the balanceweights. 

We shall on another occasion publish further engravings 
of these curious mechanical appliances. 








_ CHINA AND Prervu.—The department of State, at Wash- 
ington, has received information that a steamship line 
between China and Peru will shortly be established under 
the auspices of an American firm doing business in China. 











NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday, owing to the 
Whitsuntide holidays, the attendance on ’Change, at 
Middlesbrough, was smaller than usual. The amount of 
business transacted was eee Se There is a 
general 7 that the exceptionally bad times are nearly 
at an end. en of experience in the commercial world 
believe that at the Congress the Eastern Question will be 
amicably arranged and that trade will gradually revive. 

ere are many persons, however, who are doubtful, and 
buyers are slow to recognise any real improvement. Pi 
iron makers are hopeful. Prices are the same as those o 
last week, being based on No. 3 selling at 39s. per ton. 
Stocks are decreasing and the make is not being increased, 
so that at the end of this month it is expected that the 
official statistical return of the Cleveland Ironmasters’ 
Association will be more favourable than it was at the end 
of May. Messrs. Connal and Co., the great storekeepers, 
have now in stock 64,100 tons in their Middlesbrough 
— Instead of receiving iron they are just now de- 
ivering from 100 to 200 tons per day. 


The Finished Iron Trade.—All the manufacturers in the 
North of England still feel the depression. Where there 
is work being done it is not remunerative. Boiler plates 
for Staffordshire and ship plates for Scotland and local 
builders are the chief production of iron manufacturers. 
Ship plates are quoted 61. 2s. 6d., common bars 51. 10s., 
sheets 71. 17s. 6d., and angles 51. 12s. per ton. It is esti- 
mated that of the 2000 manpeng furnaces in the North of 
England about half of them are standing idle. 

Engineering and Shipbuilding.—A few bridge orders 
and a fair amount of marine work keep the engineering 
establishments tolerably well cuplapel At the various 
shipyards on the Tyne and Tees there are many steamers 
of different sizes in course of construction. 


The Affairs of Thomas Vaughan and Co.—A meeting of 
the itors of Thomas Vaughan and Co. will also be 
held at Middlesbrough on the 18th inst. The trustees find 
they cannot make the estate pay 2s. 6d. in the pound. 
It is intended to give up the iron works and mines to the 
mortgagees, and to sell the movable plant by auction. 








ITALIAN Raltways.—The Italian Government contem- 

plates the construction of 60 new lines of railway. The 

ite extent of these lines will be nearly 2500 miles, 

their cost is estimated at 33,200,0001. 1t is proposed 

to spread the execution of the works over a term of 15 
years. 
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ATKINSON’S FEED-WATER HEATER. 
To THE EprTor oF ENGINEERING. 

Srr,—Feed-water heaters somewhat similar to the one 
you illustrated in your number for May 31 have been con- 
structed and at work for a number of years in this neigh- 
bourhood, in one case for so long that the heater was 
worn out and broken up, the only difference being in the 
arrangement of the circulating tubes. We enclose youa 
sketch of the arrangement of the tubes in the heater we 
refer to and which we are offering to the public free of all 











patent royalties ; in this arrangement the exhaust chamber 
is divided by a diagonal tube plate in which the internal 
tubes are fixed in, and the exhaust steam is compelled to 
pass up the internal tube and down the annular space be- 
tween the two tubes. 

By this arrangement the hot steam is conducted to the 
top of the heater where the hottest water will be, whereas 
in the heater you illustrate, the hot steam comes in 
contact with the cold water first. So far as we are aware, 
the principle of having one tube within another for pro- 
moting the circulation of finids, and leaving the tubes free 
at one end for expansion and contraction, was first adopted 
by Mr. Loftus Perkins for his condensers, a de- 
scription of which he gave ina paper read before the In- 





stitution of Mechanical Engineers on June 1, 1877, and 
which is published in the Proceedings of the Institution for 
that year. However novel and ingenious the arrangement 
of Mr. Atkinson’s may be, by which he takes advantage of 
the current induced in his tubes by the flow of the exhaust 
steam, we should feel disposed to question if the advan 
thereby gained in simplicity of construction is equal to the 
loss in not having the heating surface of his tubes exposed 
to the full blast of the exhaust steam ; for as it is requisite 
to have a certain number of tubes to give a sufficient heat- 
ing surface, it is a very easy matter to arrange the tubes 
so that the s through them may ex the area of 
the exhaust pipe a 20 to 30 per cent. to avoid any loss by 
back pressure. e may add that we have favourable ac- 
counts of good results being obtained in America by this 
class of heater. 
Yours, &c., 


MILLAR AND DuRIE. 
11, Sane eornan oe Manchester, 
une 5, 4 





THE STRENGTH OF BOILER FLUE TUBES, 
To THE EpIToR oF ENGINEERING. : 

Srr,—My object in writing to you my first letter on this 
subject was to show that Mr. Wilson had, without due re- 
flection, insinuated that my formula was ‘‘ dangerous to 
life andlimb.”” He pen that his reason for doing so 
was that the element of length had been omitted from the 
formula ; and that the omission was turned into a weapon 
by some one—a performance which I compared to the im- 

sible solution of one of the ‘‘ subtle questions’’ to be 
Found in Pantagruel’s emp t Afterwards Mr. Wilson sent 
you an extensive letter; and I will ask the favour of the 
publication of this, my last letter, in reference to it, fully 
convinced as I am that you and your readers will have 
more than enough of this correspondence. The Ist, 2nd 
8rd, and 4th paragraphs of his letter are superfluous, and 
do not require further notice, except that, in my oo. 
Mr. Wilson had better make his tions himself. He 
proceeds with the Socratic method of argument,‘ and puts 
forward a string of nine questions. 

My primary object in constructing my formula was to 
embody just what was ascertained by experience of the re- 
sistance of plain flue tubes under steam. And as, at the time 
of writing, I considered that Mr. Fletcher’s able and trust- 
worthy reports afforded materials useful for the oe 
I consulted them. As I explained ( 696 the 
‘* Manual”’), ‘*I selected for the purpose a few of the best 
samples of colla; flues, the dimensions and the collapsi 

ressures for which were given in the Table.’”” My obj 
in selecting the best samples was to work upon the best- 
conditioned fines, because ill-made flues were not Mere | to 
be taken into consideration for my purpose, and I judged 
that such samples as stood relatively the highest pressures, 
were, as representing good construction, the most gow 
for the This principle of selection is simply 


which is followed in the framing of rales for the bursting 











strength of boiler shells. In the absence of i 
we assume, for instance, that the tensile i 
per square inch, and that the shell is cylindrical, that the 
rivetted joints have a given ntage of strength, and so 
on. But, whilst I proteasedly” selected the best perform- 
ances of flues that had been tested in actual work under 
steam, there was at the same time ample in, from the 
fact that these were not new flues, and t+ obviously, 
when new, pos thar 9 have been stronger than they were 
when they collapsed. When, therefore, I employed the 
data derived from fiues that had done a considerable 
amount of duty, and based an empirical formule upon them 
for the strength of new flue tubes, I considered that 
certainly the resistance as calculated by the formula would 
at least not be in excess of the resistance of flue tubes 
aa Aegan mes in good condition, new or nearly new. 
hat can a formula be good for? Has an ly ever 
constructed a formula for the strength of a half-corroded 
shell? Answer, No. So, then, when Mr. Wilson refers to 
oval| flues, overheated flues, incrusted flues, and so on, he 
speaks outside the question, the formula prof applies, 
not to or wrongly constructed flues, but to flues 
properly e, as as new or nearly so. 
hen }I quo Mr. Fletcher’s opinions of the safe 
pressure in four instances of flue tubes—which, the 
way, are all the instances thus estimated that I can in 
his reports—I did not consider it necessary to give the 
collapsing pressures. But here they are, together with 
the ages of tubes. Referring to the mention made of these 
tubes at page 404 ante : 











Mr. 

No. Age. yan a of Ratio 
Pressure 

Years. Ib. lb. 
1 10 or 11 57 84 1.7 
2 Pp 57 88 1.5 
3 Several 40 Mw) 10 
4 6 50 25 2.0 

Averages... 51 34 A 

















Here we note that Mr. Fletcher allows much = 
ressures than even the factor 3 would have given. ill 
r. Wilson contend that Mr. Fletcher formed those esti- 
mates on the basis of factors a ing 1.55. I assume that 
he would not ; and I have no doubt that when he attributes 
to Mr. Fletcher a factor of 3for the working strength of 
new flue tubes, he is in one of those fogs that 
become him so well. True, I have (page ante) calcu- 
lated the collapsing resistances of these tubes at much 
higher values than the — at which they collapsed, 
but I will merely that the formula is constructed for 
tubes well made and as good as new, whereas, these tubes 
were from six to ten years 
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Even so, let us apply the factor 3 to the collapsing 
pressures which I caloulated, and compare the working 
oes obtained with the safe pressures assigned by 

r. Fletcher : 




















Collapsing Working Safe 
No. Pressure Pressure Pressure 
by Formula. (Factor 3). (Mr. Fletcher). 
lb. lb. lb. 
1 117 39 34 
2 127 42 38 
3 120 40 40 
4 126 42 25 
Here, all except the last of the calculated working pres- 
suresto the factor 3—substantially agree with Mr. 


Fletcher's estimates of safe pressure. In the fourth in- 
stance isa wide difference; but, as the tube was 
43 ft. imlemgth, probably some allowance was made by him 
for the extreme h. On int, ef course, gentle- 
men may have ion without picking 
quarrels. 

Even, as I said, taking the extremely low factor 3, m 
calculated working , the whole, agree we 
with Mr. Fletcher's. But with more rational factor 4, 
or the factor 6, my caleulated pressures, as already shown, 
lie clearly below his. What more would Mr. Wilson like? 
He, in his waggish way, imagines somebody varying the 
factor from 3 to 8 to make an easy rule. Let him imagine 
what pleases him best ; I don’t see the point of his imagi- 
nation. He is evidently not conversant with the recent 
history of boiler engineering, or he would have been aware 
that, in choosing, for the panes of example, the two 
factors 4 and 6, I was simply applying the factors which 
have been the subject of much sion in your editorial 
columns within the last two or three years. 

Mr. Wilson asks what I think of two experiments of Mr. 
Fairbairn on flue tubes 35ft, and 20ft. long. L think 
nothing at all about them, excepting that it seems that the 
shorter tube was the'stronger. Havel denied the influence 
of length? Answer, No. I sw these tubes were 
tested by hydraulic pressure— conditions extremely 
unlike the conditions of a flue tube under steam. Let Mr. 
Wilson carefully study a Raper by Mr. T. F. Passman, on 
% Expansion and enicaclion in Steam Boilers,’’ in 
The Foreman Engineer and Draughtsman for this month. 


this 
erences of op 


He there be convinced of the uncertainty of end- 
su an element of calculation for strength of flue 
tubes. 


Let us now turn to Mr. Wilson’s formula for the collaps- 
ing resistance of flue tubes, given in his “‘ Treatise on 
Steam Boilers,’’ in order to discover what he docs consider 
a safe pressure. I hope he won't repudiate his formula, as 
he did his opinion of the beam-like action of the flue tube. 

The formala is given at page 313 of his book, and from 
one of his tables of the collapsing — of wrought-iron 
cylindrical tubes, I select the following calcula values 
of the collapsing pressures for tubes 36in. in diameter, 
and } in, thick : 

Tube 36 in. in Diameter. 








Caleulated Colla | Calculated ‘a * 
Length in Feet. jing Pressure. (Mr. ms, Pressure. r. 
ilson’s Formula).| Clark’s formula. 

Ib. lb. 
4 787 125 
8 393 125 
12 260 125 
16 196 125 
20 157 125 
26 121 125 
30 105 125 
36 87 125 








A slight inspection of the Table suffices to show that our 
calculated res are about the same when the flue tube 
is about 26 ft. long; and that for tubes of 12 ft. or 13 ft. 
in length, his pressure is double mine, that is to say, he 
caleulates about 260 lb., when I give 125lb. For a length 
of 8 ft. he gives more than three times my pressure. True, 
when he comes to 36ft. length he gives only two-thirds of 
my pressure. The whole difference arises from the absu 
assumption that the collapsing resistance varies inversely 
as the length. Iam of opinion that the less Mr. Wilson 
talks about safety the more consistent he will be, unless he 
repudiates his formula and his tables. 

+ us apply his formula to an ordinary flue tube having 
the dimensions of the plain tube that was tested at Leeds 
Forge, which I before noticed (page 364 ante). Making 
the calculation, according to his formula, the collapsing 


. 7 262.4 x T?_ 262.4 12? 
p= 262.4 TY _ 262.4 12"_ 450 Ib. 
LxD 7x12 

This 450 Ib. is for an oteke ee flue tube, 
he superiorly constructed tube resisted only the 
ressure 200 1b. square inch! Will Mr, Wilson show 

ety here? I may add that the collapsing 
pressure for the same sized tube, rivetted, amounted, by 


whereas 


my formula, to 116lb. Let us place these figures in juxta- 
position : TK 
sure per Square 
Leeds Forge plain tube, welded . 
" seams 
oo gragreemeengnan pee coed 7 
Rivetted flue tube, same dimensions : 
Caleulated by Mr. Clark's formula 116 
- Mr. Wilson’sformula 450 


as supposed I shold 





To construct a complete formula, a separate element 
representing the influence of the length should be intro- 
duced, as very properly poagecet by ¥ corres} ent 
“T. §.,” page 404. I will add that the additional 
element must comprise the square of the length for a factor 
—not the length simply. Obviously, for this object, a 
good ws of new experimental investigation would be re- 
quired. 

With respect to such portions of Mr. Wilson’s letters, as 
I have not thought it necessary to notice particularly, I 
may say ples of them, that he would do well to regu- 
late his zeal in cause of ‘life and limb,’’ and eschew 
effusiveness ; to avoid giving utterance to platitudes and 
truisms about arithmetic, geometry, and the like, which 
do not impose on men of intelligence and moderation, and 
may have the injurious effect of thickening} the ‘‘fog’’ 
of which he paieldins . When he has something to say, 
he should say it, if he can, in few words, fitly chosen. 

Iam, Sir, yours a 


. K. CLarK. 

London, June 4, 1878. 

P.S.—Desirous to abridge this controversy, allow me to 
add that since the above letter was written I have ascer- 
tained that Mr. Fletcher only employs the factor 3 as an 
approximate or general guide, and with the important 

viso that, for some years past, he has made it a rule in 

ing with boilers worked at as high a pressure as 60 lb. 
per square inch to get an angle-iron hoop — to the 
urnace tubes, at a distance of about 5 ft. or 6 ft. from the 
front end, so as to strengthen the part exposed to the direct 
action of the fire. But he has not rested content with 
anything short of getting the furnace tubes strengthened 
from one end of the boiler to the other, at each of the ring 
seams of rivets, with flanged joints, or encireling hoops of 
T-iron or other approved section. In all newboilers made 
to the Association’s standard this rule is adopted; and 
he does not feel satisfied with anything short of this. 

It thus appears that Mr. Fletcher merely makes use of 
the factor 3 to settle the working strength on the prelimi- 
nary su) goatee that the flue tube is not intermediately 
stiffene y ri or flanges ; and that he is not satisfied 
until he supe to that naked resistance, the indefinitely 
great increase of resistance derived from circular fortifica- 
tions at 3 ft. intervals—the factor really worked to by Mr. 
Fletcher being raised to 4, 6, 8, or anything that Mr. 
Wilson may imagine. 

I have now, I oe taken the measure of Mr. Wilson’s 
little argument with the factor 3.—D. K. C. 


ELECTRICAL AND MAGNETIC 
PHENOMENA. 
To tHe EpiTor oF ENGINEERING. 

Srtr,—The phenomena of electricity plays a most im- 
portant part in the economy of nature, as well as in the 
operations of science, and the more ordinary common- 
place concerns of different branches of industry; and, 
as witnessed in the introduction of the telephone, for 
example, new ways of applying the phenomena to promote 
the business intercourse of men are not unfrequently 
coming into practical operation. 

Having been a close observer for some years past, and 
under a considerable variety of circumstances, of the action 
of the magnetic needle, which is doubtless one aspect of the 
phenomena of electricity when used in mining surveying, 
and also when employed to ascertain the magnetic bearings 
of lines on the earth’s surface, I have been led to notice 
what at first seemed to me to arise from some si 
defect in the needle of the instrument then qupiagely: or 
else the result of some caprice of circumstances which 
completely eluded observation and discovery. 

The general opinion of the action of the magnetic needle 
used to be, and, I think, generally still is, that, unless 
diverted by purely local and accidental ‘sources of attrac- 
tion, and which are, therefore, removable, the needle will 
adjust itself parallel with the magnetic meridian of the place 
and time in all positions; and that, consequently, when 
free to move under such conditions, it will in a series of 
different positions maintain a true parallelism. 

Several years ago, having occasion to make a survey of a 
certain collar of considerably over a mile in length, and 
with particular accuracy for a definite purpose, I first made 
the survey with the needle, fixing it to the zero of the in- 
strument each time, and working off the limb, and reading 
to minutes; I next made a check survey over the same 
lines without using the needle further than to get the 
magnetic of the first line, so as to insure—as I 
have—the same parallelism as before in 
the previous survey ; after the first line I used the instru- 
ment simply as an angleometer by setting the limb with the 
precise previous reading back each time upon the back light, 
and I simply liberated the peat at Pe station — the 

arpose of observing its action under those circumstances ; 
oo to my 5s ise, I soon found such a variation in the 
lism of the needle, as the work progressed, that I 
came to the conclusion that an error in manipulating the 
instrument had been committed ; by re-observation of the 
lines I found this was not the case, and I determined to 
proceed again in the same way throughout the whole length 
of the survey—in all over 40 lines— and particularly to watch 
the action of the needle. 

In the majority of the lines I found a marked variation of 
the needle bearing, and in scarcely two successive positions 
would it assume precisely the same parallelism ; sometimes 
it varied in the of a number of lines to as much 


as 
gradually 
toa, e 

lating to and fro several times over the zero as the work 
progressed. The successive angles of the second survey were 
reduced on the base of the magnetic bearing of the first 
line, taken as before explained, and both surveys were 


carefully plotted off the same meridian line and position ; 
the result was that on comparing the two series of 





E 





lines, although there was a general ment in the 
direction of the corres nding pests af the care there 
_ yet a ae ee i rr and nuk "one the 

vergence as _jaying down of the surve > 
that the final tions were 120 links oper el ie taking 
into account the fact that a straight line drawn from the 
initial to the final position or station measured 70 chains 
or thereabouts, the magnetic bearing of the first line of 
the angular survey, when compared with the average of the 
readings of the magnetic survey, showed that there was an 
error in one or the other equal to 59 min. 

Satisfied that the variations which I had here so care- 
fully observed were not the result of what are generally 
called removable causes, peculiar to this particular colliery, 
I have from time to time over a number of years, and with 
different instruments, and under a variety of conditions 
both on the surface and in the mines, taken steps to observe 
the peculiarities of the working of the magnetic needle ; and 
in the result I have found that a variation, more or less, 
is vere general—more general indeed than an accurate 

m 18. 

I will here givesome examples to show this variation more 

——- sia 

x. 1.—Ina heading crossing the pitch of the stratafrom one 
vein of coal to another (technically called a ‘‘cross-measures”’ 
heeding), a straight line was carefully ranged out, and at 
nearly equal distances apart, over a total length of about 
60 yards, the instrument was set up five times in correct 
alignment, and the magnetic bearing of the lights pur- 
posely fixed-at the two ends of the line were observed fon 
each position ; and the result was, that what is generally 
supposed would have been five similar rendings, turned out 
to be as follows, viz., 174 deg. 3 min., 175 deg. 21 min., 
174 deg. 45 min., 172 deg. 30 min., and 174 deg. 40 min., 
thus indicating a maximum variation equal to 2 deg. 51 min. 
in a line not more than 60 yards in length. 

ore res yee 5 driven ~ — of — ft. thick, 
and in ! a piece of faulty ground, consistin 
mainly of a mixture of rock and cliff, a line of ‘about 60 
yards in length was ranged out as before, and the instrument 
fixed first at that end of the line away from the “ fault,” 
and the light observed and read at the other end of the line 
within the faulty ground ; seven other positions were then 

upon in correct alignment in succession towards the 
other end, and the readings taken at:each, and the result 
was the Se nar | series, viz., 36 deg. 24 min., 36 deg. 
20 min., 37 deg. 50 min., 38 deg. 15 min., 39 deg. 40 min., 
39 deg. 10 min., 38 deg. 10 min., and 37 deg. 0 min., in this 
case indicating a maximum variation equal to 3 deg. 20 min. 

The line of the ‘‘ fault’? i i t of the 
several positions was an acute angle, and the sixth amoting 
was about in the line of its crossing, and the seventh an 
eighth readings were within the fault. 

By referring to the several readings it will be observed 
that there was an increasing divergence in the same direc- 
tion (to the right) in approaching the fault, and that after 
entering the fault there was a sudden twist back again in 
the contrary direction. 

Ex. 3.—A series of magnetic bearings was taken in an 
engine plane underground, which was driven quite straight 
from end to end, the bearings were taken previously to the 
anties up of the ordinary fixtures of an engine plane, which 

y interfere with surveying operations prejudicially; and 
over a length of about 330 yards the following readings were 
accurately observed, viz., 346 deg. 55 min., 345 deg. 0 min., 
346 deg. 42 min., 346 deg. 15 min., 345 deg. 0 min., 346. deg. 


lar | 30 min., 346 deg. 9 min., 345 deg. 48 min., and 347 deg. 


3 min., thus showing a maximum difference equal to 
2 deg. 3 min. 

_ Repeated trials on carefully ranged out surface lines do not 
indicate the prevalence of so great a variation of magnetic 
readings as underground lines, but even these show 
frequently a marked variation. The following examples are 
given as evidence of this : 

Ex. 4.—Ona surface line of about 30 chains in length the 
instrument was set up five times in correct alignment, and 
observations taken, and in this particular example the 
ee at each position corresponded precisely with all the 
others. ‘ 

From one end of the previous line, and almost at right- 
angles with it, another line of about 24 chains was ranged 
out in the same manner as before, and the following 
series of readings taken : 

Ex. 5.—54 deg. 58 min., 54 deg. 51 min., 54 deg. 44 min., 
and 54 deg. 58 min. ; these therefore also indicate a much 
less variation than in the lines underground. 

Ex. 6.—In a long carefully ranged base line of a surface 
survey of considerable extent several observations were 
taken as at other times, and the following were among the 

ings taken down, viz., 114 deg. 4! min., 114 deg. 
41 min., 115 deg. 7 min., 115 deg. 21 min., showing in 
these a maximum variation of 40 min. This variation, 
althongh it does not look so formidable as sore of the pre- 
vious ones given, yet, when analysed, it reor2sents some- 
thing serious ; for if viewed in reference to the length of 
that section of the line, at the extremities of which the instru- 
ment was set up and the readings taken —in one case 
40 chains, and in another 26.45 chains—we skall find that in 
the former case the twist of position due to the variation 
(and consequently the error that might have been thus im- 
ported into the work), is equal to 46.5 links, and in the 
other case it is equal to 30.7 links; and this is a consequence 
scarcely to be neglected or overlooked. 

The foregoing examples, confirmed by many other observa- 
tions made from time to time, plainly indicate that the 

ic needle does not—even ‘shes used on the earth’s 
surface—maintain generally an accurate elism, and 
that when used in underground operations the variations 
are peely much more marked. 

This subject has, of course, a primary bearing upon the 
use of the magnetic needle in surveying ions ; but it 
has often occurred to me that this effect. of the ceaseless 
operation of magnetic forces may not be, and most probably 
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is not, the sole and only consequence of its manifestation 


to us. 

What the intrinsic change really is which a piece of steel 
unde! in the process of being magnetised, and con- 
pemm g A a magnetic needle, I have never been able to 
understand to my own satisfaction; but my observations 
lead me to suppose that whatever the internal change may 
be upon upon the steel, it results externally in imparting 
to the needle the power to conform to the direction of the 
currect of magnetic force passing around it at the moment, 
and in the position in which it is being used. 

I have often observed on different occasions that the 
needle seems to be more deflected from its true parallelism 
when used in close proximity to faulty and disturbed 
ground, and also when used in headings passing through 
such varying ground as is met with in what is technically 
known as ‘‘ crossing the measures,’ than in ground of a 
more uniform nature, whether it be an ironstone mine or a 
coal mine ; and the conclusion I arrive at in view of these 
experiences and circumstances is, that the needle deflections 
represent the deflections of the passing current of magnet- 
ism in the surrounding strata, and that these deflections of 
the current are again the result of the varying powers of 
conduction possessed by the pg strata of the earth ; 
that, in fact, as water turns aside from the more confin 
parts of ag ag to oes hams oot dig it bares 

sage, so does the magnetic curren . 
Bret to one side, and then to the other, rag e 
through the strata, the best conductor conveying the 
greater quantity; and when this superior conductor 
comes to an abrupt end, or becomes distorted or disturbed, 
either from a ‘‘ fault,’’ or from some other cause, the cur- 
rent becomes more or less deflected, and the magnetic 
needle used in close proximity to such a position, or locality, 
would also in its turn become deflected in sympathy with 
the current. 

But I conceive that there is a great probability that this 
same subtle power frequently operates to the causing of 
other consequences, which are often not a little perplexing 
to account for, and to understand. 

In that state of the weather when the atmosphere is 
highly charged with electricity, and heavy storms of rain 
are frequent, we often experience the springing up of a 
sudden wind, which, leading in the van, as it were, as well 
as bringing up the rear of the disturbed elements, blows 
furiously for a while until the rain has ceased, when the 
wind again gradually subsides into a perfect calm. To my 
mind the theory that winds are caused by the rarefaction 
of the atmosphere in certain localities, to which the air 
rushes to restore the equilibrium—thus causing winds— 
utterly fails to afford a sufficient and satisfactory explana- 
tion of the occurrence of these suddenly springing up and 
as suddenly subsiding winds, carrying, as they seem to do, 
a furious storm of rain, or hail, or snow in their bosom. 

But whatever may be the intrinsic nature of the force put 
into operation, whether electricity striking out abnormally 
(if such an expression may be permitted) in a deflected line 
or otherwise, it is certain that the vis viva of the power 
thus set in motion represents an enormous aggregate of 
force, as the destruction sometimes wrought by a small 
portion of it sufficiently attests. 

Disasters, sudden and startling, sometimes occur in col- 
lieries from the explosion of gas ; and the only explanation 
frequently possible is, that a sudden outburst of gas has 
occurred and overpowered the ventilation, and that from a 
defective lamp, or from an unprotected light, the gas ex- 
ploded ; and we not unfrequently find the sudden outburst 
of gas explained and accounted for by agian that a “fall 
of roof’’ took place. Now I am strongly of opinion that 
where these two things are found to have ther, 
they are not necessarily, nor obviously, cause and effect in 
the order named, but that much more probably, if they are 
not two effects of the same cause, the fall of roof is a 
consequence of the explosion. 

When a vein of coal has been extracted from its position 
in the strata over a considerable area, the roof, or the floor, 
or both, will be sure, sooner or later, depending upon their 
natural and also their relative strength, to show a tendency 
to close up the space from which the vein of coal has 
been extracted ; if the strata in which the coal lies is of a 
friable nature, and readily breaks up, the large interstices 
resulting from its closing up the space formerly occupied 
by the coal will necessarily be much more rai 
throughout the broken strata, but will not form one or 
two large chambers ; if, on the other hand, the strata is of 
a more tenacious nature, and will beara very considerable 
subsidence or elevation before it will break up, then a 
cham more or less large, either in the back of the 
subsidence or beneath the upheaval, or both, will neces- 
sarily be the result. 

These ramifying intervening spaces as in the first case, 
or the more extensive chambers as in the second case, wi 
not be in vacuum, but will become filled with air or gas, 
ora mixture of both, so fast as they are formed; if the 
strata give off carburetted hydrogen gas, then it may be 
taken for certain thatan explosive mixture will very soon, 
by reason of the operation of the law of diffusion of gases, 
occupy the whole of the spaces and chambers so formed. 

_ Let us now assume the occurrence of quickened activity 
in the earth-currents in our latitudes as are so frequently, 
though more forcibly, experienced in some other parts of 
the world (and which, when they are atmospheric, we have 
such sensible and frequent experience of), and we shall not 
be assuming too much if we credit those earth-currents 
with a very largely increased vis viva under such circum- 
stances ; let, then, such chambers as are mentioned above, 
and filled with an explosive mixture of gas, lie in the path 
of such earth-currents, and their vis viva will immediately 
tell upon a body so imponderable, and such an impulse 
would be imparted to it as would ope | drive a con- 
siderable portion . it Ceenss the joints of the ground 
communicating wit! worki and if a igh 

pe = ae a rkings, naked light 


p should be within its reach an explosion 








would be certain to ensue ; and once a portion of it became 
ignited, the explosion wonld extend to wherever the train 
of the gas in the requisite mixed proportions extended, 
even to the partially emptied chambers of the roof or floor ; 
and where such happens the strongest roof must give way 
and be blown down, seeing that the expansive energy of 
such gas immediately after explosion is about five atmo- 
spheres, or 75 1b. per square inch. And hence I consider 
it much more probable that the “ fall of roof’ is the 
result of the explosion instead of its being an antecedent 
conenaneene of it, and contributing in that sense to bring 
it about. 

A friable roof and floor may, also, in this view, from the 
fact of its more readily ing up, and thus preventing 
the accumulation of so large a lodgment of gas in a single 
chamber, and also by facilitating the more continuous 

i of the gas into the ing air of the mines, 
render the colliery far less subject to sudden outbursts of 
explosive gas than a mine with a much stronger and more 
tenacious surrounding strata would be; and thus, on the 
whole, the former would be more safe from that class of 
accident than the latter. 

I cannot dery of course that some of the opinions I have 
exp’ here, and some of the conclusions I havedrawn from 
them, may possibly be characterised as being insufficien 
supported by my premises; the existence, however, of s 
magnetic variations as I have here demonstrated, and the 
known fact of the existence of those powerful earth-currents 
that make their presence and power felt so forcibly in some 
other of the world; and also remembering those 
atmospheric disturbances which are so universally felt at 
times in all parts of the world,—these appear to me to justify 
such a train of reasoning as that I have here tm into : 
and if what I have here written should lead to investiga- 
tions by abler hands than mine, from which good may ensue, 
and our knowledge of these things become more extended, 
I shall be as much gratified as any one else can be. 

IT am, &., 
ae: ——— ree poe 
Mining Engineer and Surveyor. 
Dowlais, South Wales, 1878. . 





RAISING SUNKEN SHIPS. 
To THE EDITOR OF ENGINEERING. 

S1r,—The foundering of another prery spoasied close to 
our shores, and in com ive shoal water, induces me to 
offer, through the medium of your columns, a few sugges- 
tions that have long been maturing in my mind, and the 
consideration of which must commend them to any practical 
engineer. 

ivers can work with effect in ay depth of water 4 to 
150 ft., and with difficulty even far beyond this. The 
German ironclad is sunk in about 90ft., and rests pro- 
bably on a firm solid bottom of sand and gravel overlyi 
the chalk rock. e Vanguard also rests on a good 
bed at a depth of 120ft. To lift them we require necessaril 
a platform on or above the surface of the water from w 
to work, and facilities for steady and continuous operations 
on the wreck below. The rise and fall of the tide, the in- 
cessant motion {of the waves, preclude the possibility of 
obtaining this with a floating pontoon. Moor it as surely 
as you may, it must be in constant motion, and kept ready 
to move off at short notice whenever rough weather comes 
on, Assume all conditions however favourable for diving 
operations, what are the difficulties the diver has to con- 
tend with? The tidal current washes his air tube and 
signal line out to leeward with a drag that renders it hard 
for him to keep on his feet, and at the same time there is 
the risk of his communications becoming entangled in the 
ropes and wreckage sti ing out from the ship, or if his 
descent be made on the weather side his own pipe and line 
are washed against the yards and rigging. 

All these difficulties are due to the waves, currents, and 
motion of 30 ft. or 40 ft. of the surface water—below that 
depth there is practically constant equilibrium and calm. 
What we, therefore, require is a platform fixed at such an 
elevation above the surface that the waves might roll under 
it with impunity, and the provision of a means of passing 
the divers down into the still water below. 

This, I think, I can show may be achieved with almost 
the certainty of success, and much less cost than the 
pontoon system, even if it were possible, by the adop- 
tion of steady platforms supported at a convenient 
height above the water surface on cylinders astride the 
wreck, and down a tube in the centre of which the divers 
could descend with absolute safety at all times, regardless 
of wind and weather. 


Imagine for illustration sake two structures like office | far 


stools, the legs of which are iron cylinders 10 ft. or 15 ft. 


in diameter with like the mouth of a 


will | trumpet. This would be built in harbour and floated to 


the wreck, a judicious system of valves to admit water as 
ballast enab: it to be handled with perfect control and 
always maintained in an upri position. Then sunk 
astride of the wreck, one tow: the bows another astern, 
the admission of water by way of ballast into the four 
ints giving every facility for ing or ing. 
mee astride the wreck the legs would be filled 
crete, that oozing out through the trumpet mouth base 
would secure a solid foundation, and a tube of 3 ft. in 
diameter having been left down the centre of each cy- 
os, the om we donner pe h poe a feong out 
yy an opening in the side upon the sea hed. 
form 20 ft. above the surface of the water would be removed 
ed he Siesees of Re ning yd afford 
8 ‘or the steam engine 
work the Ps ae rams 
would be lifted. We w thus have fixed points upon 
which the workmen could remain » and we 
could connect the hydraulic to the wreck at leisure 
links, ropes, or chains as we desired. No storm wo 
interfere with the work, which could go on continuously 


S 


When all is secure the vessel would be 
slowly lifted, and as it a) pe patton Se evens 
of a few fine days woul waited for to raise it gh 
the stratum of water subject to disturbance. , 

Once get its deck above water, the ports and openings 
closed, a few good contelisapl penaps Wert soon secure t 
flotation, and the ship would sail away with its lifting 
apparatus athwart its deck and hanging over its sides, 
pn nay (stripped of their machinery) they had been blown 
ne and left lying on the bottom of the sea out of 

m’s ° 

Two oon stages as I indicate would cost very much less 
than one pontoon. With the means already at the dis- 
eae of our Admiralty, I do not hesitate to ress the 

lief that within four months and at an iture of 
30,0001. the German ironclad would be again afloat, the 

tus provided, and the experience gai to deal 
eltciently with the Vanguard and the Eurydice. 

With the unreliable, constantly moving base of oper- 
ations, a floating pontoon affords such —— as those of 
an ironclad can never be dealt with ; a first principle is 
violated, viz., the ing a firm and secure base, and 
this we may rest assured in engineering as in military 
operations is an essential ude to success. 

Through the medium of your columns I commend these 
remarks to the attention of our own Admiralty and also to 
the German Government. 


night and day. 


Lan, Sir, yours traly, 
Joun Dixon. 
1, Laurence Pountney-hill, London, E.C., 





THE PHYSICAL ACTION OF THE 
MICROPHONE.* 


By Professor D. E. Huauzs. 


In the paper read before the Royal Society on the 9th of 

May, I gave a general outline of the discoveries I had 
» materi , and form of microphones demon- 

strating important points. I have made such an innumer- 
able quantity of sy se each for some special Lae? 
pose, i in form, mechanical arrangement, 
vahesield ened that it would require too much time to 
describe even a few of them, and as I am anxious in. this 
paper to confine myself to considerations, I take 
it for granted that some of the forms and the results pro- 
duced are already known. ; 
The problem which the microphone resolves is this, 
to introduce into an electrical circuit an electrical resist- 
ance, which resistance shall vary in exact accord with 
sonorous vibrations, thus producing an undulatory current. 
of electricity from'a constant source, of whose waves the 
length form shall be an exact amplitude of the 
sonorous waves. 

In the micro ewe have an electric conducting 
material susceptible of being influenced ay -aoneseas vib: 
tions, and here we have the first step of problem. The 
second step is one of the highest importance, for it, is 


necessary for the electrical current flowing at int 
to be thrown into waves of determinate form the sole 
action of the sonorous vibrations. I solved this by the 


discov: that when an electric conducting substance is 
in adi state either in form of powder, filings or surfaces, 
and = under a certain slight pressure, far less than that 
which would produce cohesion, and more than would ali: 
it to be separated by sonorous vibrations, the molecules 
in presence at these surfaces being in a comparatively free 
state, although electrically joi would of themselves so 
arrange their form, their number in contact, or their pres- 
sure byin size or orbit of revolution, as toincrease and 
diminish the electrical the circuit to so remark- 
able a degree as to be almost fabulous if we had not wit- 
nessed the fact. 


The problem being solved, it requires only to observe 
the general considerations to produce an endless variety of 
microphones, each having a special range of variation of 
resistance. The tramp of a fly or the cry of an insect re- 

nires little range but great sensitiveness. Here two sur- 
of chosen materials, under a very slight pressure, 
such as the weight itself of a small s conductor, 
suffices, but it would be unsuitable for human voice ; 
edie mes would ~4 too powerful, and eye go far 
range allowed, producing interruptions of contact 

known as make and break. 

The transmission of the human voice requires either 
four surfaces of pine charcoal as described in my paper 
read before the Society, six of willow charcoal, 
eight of box wood, or ten of carbon ; the effects 
superior, however, with four of pine than the 

any other material as yet 


ten of gas carbon or 
being in its state of pine wood the best resonant materi 


we possess, and it egret this structure and quality 
when converted into the peculiar charcoal I have discovered 
and described. 


We not only need a certain number of surfaces and 
materials in‘accordance with range and er of vibrations, 
but they must be put under more or pressure in ac- 
cordance with the force of the sonorous vibrations us 
for the human voice, while the surfaces are under a far 
greater pressure than for the movements of insects, still 
os Sages’ useful effect is very great, as in the boxes 
which I have specially arranged for articulation the appa- 
ratus is still sensitive to the tick or escapement of a watch. 


und current is obtained from the sonorous vibra- 
mcg tancneencredage Thus when to a micro- 
i of human speech we 5!) observe a 

gal placed in cireuit, and there should be 
observed no deflection whilst speaking, as the waves of 
of plus and minus are equal and are too rapid to 











* Paper read before the Physical Society. 
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or . If the pressure on materials be 

herons eae iene constant succession of inter- 

ruptions of contact, and the needle of the galvanometer will 

once If Seana = en be 

ma Ww pressure to a great we 

med mn ea = nay pny te the 

in’ Pp ; ag we increase 

= the tone becomes more clear, the needle remain- 

ing stationary, we shall then arrive at a maximum of lond- 

ness and clearness; if we still increase the pressure, the 

sounds become weaker, though very clear, and as the 

pressure is nee the ay die - = if a yaw 

was talking walking a rom us at the same time, 

-_ soon we arrive at a pens when there is complete 
ence. 

When attached to a resonant board, so that the sonorous 
— tions act directly on it, L~ 's py where = 
req 18 ap sho as tree as ible 
from the = of the vibrations, except those directly 
transmitted to it by thesurfaces underneath, and it should 
inertia in the form of a balance weight. This inertia 

necessary to keep the contact unbroken with power- 
fal vibrations. No spring can supply the required inertia ; 
be used to give the requisite 
perposed Gosenediatea ~ lated « capone 
su) may an insu screw pass- 
ing through them all, thus doing away with the lever and 
spring ; but it is far more difficult to oo and the ex- 
pansion by heat of the screw causes a different pressure ; 
it is exceedingly simple, however, easily made, and illus- 
trates the theoretical cona::ions bet 


: 
| 


ter than the balanced 
lever I have adopted for practical use. 

In order to study the theoretical considerations, and that 
with the most simple form freed from all surrounding 
mechanism, let us take a flat piece of charcoal two milli- 
metres thick, and one centimetre square, and after making 
electrical connexion by means of a copper wire to the lower 
surface, glue the latter toa small resonant board, or better 
for our purpose, toa block or cube of wood ten centimetres 
square; upon this superpose one or more similar blocks, 
the upper surface in communication with a wire, the lower 
resting flat, or as near so as possible on the lower block. 

The required pressure is put on the upper block, by means 
of an insulated screw. Let us call the lower piece A, and the 
upper B. When we put this block under the influence of 
sonorous vibrations, it is impossible to imagine that it can, 
within its small area, contain every dimension of wave length, 
some of which may be as much as several feet. Now we 
cannot suppose a wave of any length without admitting that 
the force must be transmitted from lecule to le 
throughout the entire length ; thus any wave, of which this 
block represents a portion, must be in full molecular action ; 
the lower portion of the charcoal A we J part of the block 
itself, has this molecular action throughout, transmitting 
it also to the upper block. Now, how is it that this 
molecular action at these two surfaces A and B should so 
vary the conductibility or electrical resistance as to throw 
it into waves in the exact form of the sonorous vibrations? 
It cannot be because it throws up the upper portion making 
an intermittent current, because it is fastened to the lower, 
and the galvanometer indicates no interruption of current 
whatever. It cannot be because the molecules arrange 
themselves in stratified lines of greater or less resistance 
for then we should not require surfaces, nor would 
the upper surface be thrown up if the pressure were re- 
moved, as sand would be ona vibrating glass. The throwing 
up of this upper piece B when pressure is removed proves 
that a blow, pressure, or upheaval of the lower portion 
takes place, and if this occur, of which there cannot 
any doubt, the surface considered alone having no depth, 
eould not bodily quit its mass, in fact there must have 
been a movement to a certain depth, and I am inclined 
from numerous experiments to believe that the whole block 
increases and diminishes in size at all points in the centre 
as well as the surface, exactly in accordance with the form 
of the sonorous wave. Confining our attention however to 
the points A and B, how can this ihcreased molecular size 
or form produce a change in the electrical waves? First 
by increased pressure on the u surface from its en- 
largement, or secondly by the molecules themselves, finding 
a certain resistance opposed to their upward movement, 
opreating themselves, and making an innumerable number 

fresh contact points ; thus an infinity of fresh contacts or 
decrease in the number produces practically an undula- 
tory current. I am inclined to believe that the latter is the 
true explanation, as if the first were alone true, we should 
have a far greater effect from metal powder, carbon, or 
some elastic conductor as metallised silk than from gold, or 
other hard inoxidable matter ; but as some of the best results 
as the human voice were obtained from two surfaces 
of solid gold, I am inclined to view with more favour the 
idea that an infinite variation of conducting surface brought 
into play by the molecular pressure is the true explanation, 
and it has the advantage of a. Sa by the 
numerous forms of microphones I have constructed, in all 
of which I can fully trace this effect. 

I have been very much struck with the great mechanical 
force exerted by this uprising o' the molecules under 
sonorous vibrations, With the musical vibrations from a 
large musical box 2ft. in length, I found that one ounce of 
solid lead was not sufficient on a surface of contact of one 
centimetre to keep it in constant contact, and it was only 
by removing it several feet distant that I was enabled to 

reserve continuity of current with a moderate pressure. 
have spoken to forty microphones at once, and they 
all seemed to respond with equal force ; of course there 
must bea loss of power in the conversion of molecular 
vibrations into electrical waves, but it is so small that I 
have never been able ie it — the simple ap 
pliances at my disposal. ve examined every portion o' 
my room, eushy ote, metal, in fact all parts, even to a 
piece of india-rubber, all were in molecular movement 
whenever I spoke. As yet I have found no insulator of 





be | studied the subject, that the actual difference between the 


sound, that is to say, no substance which is to sound what 
seems the best, 


ow § comes is to icity. 

= I have — = its hw ens the — 
phone reporting i any amount o! 
caoutchouc at my disposal. sg of 


The question of insulation has now become one of ne- 
, as the microphone has opened to us a world of 
of which we were unaware. If we can insulate it 


cessi 
soun 
so as to direct its powers on a single object, as at present I 


am enabled to do on the movement of a fly, we shall be 
enabled to investigate the object desired undisturbed by the 
pandemonium of sounds which at age the microphone 


reveals where we thought was com silence. 
However simple the microphone may 
lance, it en me many months 
bour and study to bring to its 
usefulness for it widens each 
has succeeded in applying it to s 
delicacy; and by its means splinters 
foreign matter can at once be detected 
and myself have been — g 
diseases; and although the application by Sir Henry 
Thompson is more successful, I do not doubt but that we 
shall ultimately succeed. There is hope, also, that deaf- 
ness may relieved. For telephony articulation has 
become ect with increased lou . Duplex and mul- 
tiplex te phy will profit by its use ; and there is hardly 
a science which will not be benefited where vibration has 
some direct or indirect relation ; and I feel happy in bei 
able to present this paper on the results obtained by a purely 
hysical action to such an appropriate and appreciative 
'y as the Physical Society. 

In conclusion, allow me to state that throughout the 
whole of my investigations I have used Professor Bell’s 
wonderfully sensitive telephone as a receiver, and that it is 
thanks to the discovery of such an admirable instrument 
that I have been enabled to commence and follow my re- 
searches in microphony. 


a. Sir Henry Thompson 
bullets, in fact, 
. Dr. Richardson 





THE PAST, PRESENT, AND FUTURE OF 
THE RIVER THAMES.* 
By J. B. Repman, F.R.G.S., Memb. Inst. C.E. 
(Concluded from page 441.) 

Tue second report of the Metropolitan Improvement 
Commission of 1845, referred mainly to the proposed em- 
bankments in Chelsea Reach, and contained a large body 
of tidal observations, illustrative of the general question, 
connected with those at Sheerness; as Colonel Lloyd, in 
1830, levelled from the dockyard at that place to London 
Bridge, to establish the fact that at high water the surface 
is higher at the latter. The t officer was employed 
by the Lords of the Admiralty, and the results of his level- 
ling operations were published in the ‘‘ Philosophical Trans- 
actions”’ of the Royal Society for 1830. As regards this 
difference, there subsequently appeared to be somewhat 
contradictory evidence, or perhaps different conclusiors 
from facts. This, possibly, arose from the averages of the 
tides taken at the two places. Colonel Lloyd made the 
difference amount to 2 ft. at springs, which was adopted 
by Mr. Walker in his report of 1841; but Mr. Page, in his 
well-known letter to Lord Lincoln, of the Ist of July, 1843, 
showed that it really was from 4ft. to 5ft. It was still, 
however, stated twelve years afte: , in the discussion 
on Mr. Robinson’s paper on the Thames, in January, 1856, 
at the Institution of Civil Engineers, by members who had 


levels of the tides at London Bridge and Sheerness was 
very small. At the time of high water in London there is 
a still greater difference, as at Sheerness the tide will then 
have fallen considerably, and the converse will be the case 
at the time of low water in London, as the tide will then 
have risen proportionately at Sheerness, and the inclina- 
tion will be reversed. The water surface at Sheerness at 
the time of high water springs in London is 8 ft. lower, 
yielding a AnD of 2 in. per mile over the 48 miles be- 
tween the two stations, the low water rev incline bei 

6 ft., or 14 in. per mile. There can be no doubt that really 
the high water difference of a fair spring tide is from 4 ft. 
to 5 ft., and must have been so in 1 This may be 
ascertained by any one interested by connecting a specific 
tide either at Sheerness or Harwich with an ce 
bench mark, and referring to the same tide as marked in 
the journals kept at the East India and London Docks’ 
entrances. This will be some day hereafter accuratel 
defined by ror establishm: - by the —- s self 
registering tide gauges at various stations, syn- 
chronously connected. This has been for many # ny a 
desideratum, and the want of it has been long felt by all 
those interested in the river. 

In the tidal harbours reports of 1845, the late Mr. Hume 
directed attention to the then general necessity for a uniform 
improvement of the low water channel for navigation, and 
the large amount of dredging that was required to give 
15 ft. at London and 20 ft. at Barking. 

On the 12th of June, 1857, a Bill for the Conservancy of 
the Thames the House of Commons, promoted by 
the City, with the consent of the Crown, to terminate the 
suit so long pending between the City and Woods and 
Forests respecting the title to the shores, the former 
arguing that it been conferred by royal charters; the 
latter, that it was a prescriptive right of the Crown; and 
the Admiralty were also in , a8 Blackstone lays it 
down that the title to all lands over which the tide ebbs 
and flows, is one of the — prerogatives, and in 
the Lord High Admiral. The Trini ay. Conmsanttos under 
their charter of Henry VIII., had also certain bailastage 
rights. Under this Bill, since become law, the conservancy 
of the river is transferred to a commission, representing 








* Paper read before the Society of Arts. 
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majority had a carriage 
on columns, or on the wharf level passing under the bridges. 
The estimated cost varied from 250,0001. to 2,500,000I. 


the Corporation of London, the Government, the Admiralty, 
the Board of Trade, the Trinity House, =e ier local 
interests 


dington been 
Saing spebeeiationiy dookgil, te gina caiigee Gti at 
ing sys i , to give a uniform at 
low water, increasing downwards. New and commodious 
ing piers have been erected at most of the chief points 
Sule of Ge vane sheen ope cine Sap pokey sapped 
weirs of the u river are ly 
or rebuilt, aol the sills lowered, increasing the drainage 
and navigable powers of the stream. 


The mmittee of the House of Commons, of 1860, 
received plans, ing of the character of those of 1840 
and 1844. They were in submitted to the Embankment 


Commission of 1861, with numerons others, some of which 
committed the fatal error of projecting still further into 
the river at Somerset House. The whole of these designs 
the Commission ignored, and ope a modified plan of 
their own, shutting out entirely the coal trade from West- 
minster Bridge to the Temple Gardens. The metropolis 
was now fed, they averred, by modern appliances at the 
various railways, and public convenience did not demand 
the trade in this locality. All the plans hitherto, Colonel 
Trench’s with his dock, Mr. Walker with his dwarf piled 
recesses, and most of their successors, had consid the 
affording facility to this trade, a first necessity and feature 
of their plans. When, however, the trade interests were 
purchased, this ceased. The question arises, how far is the 
argument applicable to certain trades on the Lambeth shore, 
now standing in the way of the full completion of this 
public improvement ? 

Fifty-eight plans were brought before the Commission ; 
of them, only nine specified the height, the vital point of 
any d 1; two, with prophetic vision, proposed 5 ft. 
above Trinity standard, three suggested 4 ft., two named 
3 ft., and two a height of 2ft.; any height under 4 ft. 6 in. 
to 5 ft. being totally inadmissable, otherwise the entire area 
would have been subject to periodical inundation by high 
tides, now obtaining a maximum range of 4 ft. 9 in. above 
Trinity standard in the upper reaches ; the plan specially 
commended by the Commission itself was only 3 ft. above 
Trinity. These plans, in some cases, pro} = { an embank- 
ment on each side ; in others, on the Middlesex side only. 
One comprehensive desi included both banks, from 
Chelsea to the estuary, with an average intervening width 
of 800 ft. Others extended from Westminster to London 
Bridge, Westminster to Queenhithe, from Whitehall to 
Blackfriars Bridge ; some to Southwark. One gentleman 
proposed a new river from Deptford to Vauxhall, and to 
=~ the existing course as a fresh water lake. One 

esign went down as far as the Custom House. Twenty- 
seven, or nearly one-half of the designs, proposed docks, 
canals, or lie-byes, between the old wharf lines and the 
embankment, showing that to be the prevailing idea, 
although set aside by the Commission. A few others sug- 
dwarf piled recesses, as had been proposed in 1840, 
with a roadway overt on columns or piles. e design pro- 
posed a dam across the river, below London Bridge. An- 
other bolder projector suggested one at Woolwich, with 
locks for the ships to pass through. What would the 
merchants on ’Change say to this novel proposition ? 

The projection of these embankments was very variable. 
Out of 26 that could be so defined, 11 took one arch of 
Waterloo Bridge on the Middlesex side, whilst 15 occu- 
pied the space of two arches, or somewhat under ; this was 
as material as the height above high-water, and there ap- 

as great a diversity of opinion; a large number 
included a low-level sewer, the crown of the arch of which 
limited = materially the available water for the docks. 
Some included designs for railways or tramways, and the 
iage road on the high level supported 


The objection to this report is, that no conclusion was 


arrived at as to the probable effect on the river by the pro- 
jection of the embankment, and the suggestion that com- 


pensating reservoirs might be found necessary, and leaving 
this grave consideration to the Conservancy Commission, 


shows plainly the doubt then existing as to the real effect 


to be anticipated. 

The mere consideration of the area that would be re- 
quired, at least 50 acres, shows the impossibility of ever 
— the difficulty in that way ; this would have to be 
doubled, if the Surrey embankment be also constructed ; 
these reservors, away from the ,influence of tide, would 
quiekly silt up, and prove the source of constant expense, 
if it were ever attempted to work them. 

As regards the enormous accumulation of mud formerly 
to be seen in front of Hungerford Market and the Adelphi, 
any one who then took the trouble to walk down the water- 
man’s causeway from Privy Gardens (Whitehall Stairs) 
would have seen that that erection and others of a similar 
romoted the deposit and retention of silt, 
acting in a degree in the same way as the rectilinear jetties 
formerly constructed along the shores of the Clyde for the 
express purpose of promoting > ; the same results 
may be seen at Gravesend, caused by the Customs’ jetties 
below that town, which have been raised and lengthened 
from time to time, as the mud extended in range and in- 
creased in altitude. New Tavern Bridge adjoini C) 
Ordnance jetty, was formerly used for embarking dis- 
em’ ing troops ; it was in 1779-80, 7 ft. above the sur- 
face, and is now as much below it, and one or two sueces- 
sors have been built at higher levels. Mr. Reveley, in 1795, 
in his report, pointed out the objections to these jetties or 


causeways. 

The faliney of comparing the Thames with various 
Continental rivers is obvious, nor are we in these compari- 
sons reminded of the inundations to which the Continental 
system of quays has assisted in giving rise which produced 
an able paper from the late Emperor of France, dated from 














June '4, 1878.) 
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Plombiéres, 19th July, 1856, addressed to M. Rouher, the 
Minister of Public Works, in which the mere said, 
“‘ nothing can be more easy than to construct works of 
art which would temporarily Se monty from such inunda- 
tions cities such as Lyons, Valence, Avignon, Tarascon, 
Orleans, Blois, and Tours. But as to a general system 
to be ted in order to protect for the future from 
such terrible scourges our rich valleys traversed by large 
rivers, that is still wanting, and must be absolutely and 
immediately found.” He afterwards said: “The system 
of dykes, is only a palliative, ruinous for the State, and 
imperfect for the interests to be protected ; for, in general, 
the sand which is brought down constantly elevating the 
bed of the rivers, and the dykes tending to narrow them, 
it is necessary to be adding constantly to the height of 
these dykes to be prolonging them along both banks, and to 
subject them toa constant superintendence.” He attri- 
buted those sudden inundations to mountain floods; and 
proposed to retard the running off of the water, by the 
erection, on all tribu streams, at the mouths of C) 
of regulating weirs, to form reservoirs, which would only 
empty themselves slowly ; referred to nature’s work, in 
this respect, on a large scale, in the lakes of Constance and 
Geneva, as tors to the Rhine and the Rhone ; quoted 
the dyke of Pinay as an artificial example on a > 
and that of La Roche, and advocated their multiplication. 
The emperor’s letter shows the advantage the Thames 
possesses as @ tidal river over mountain ones, as the action 
of the sea tends constantly to negative the silting up of the 
channel, and these Continental examples are not analogous 
to the Thames ; but the results of floods have undoubtedly, 
at Lyons and elsewhere, been intensified by the contraction 
of the natural channel by quays. It is not assumed that 
any embankment of the ‘Fiance hitherto proposed, or 
partially executed, would produce apy similar results ; but 
the very modified proposition at the time, put forward by 
the Royal Commission on the question with the suggestion 
that tiljal reservoirs might be necessary for compensation, 
showed how alive they were to any interference with nature 
without affording a due equivalent. On the Continent the 
rivers which have suffered mainly from a wholesale system 
of quay in seasons of inundation, the effects of which 
are us y altogether ignored in making those comparisons, 
are not tidal, except on a small proportion of their course ; 
and their physical features are altogether different to those 
of the Thames. 

In conclusion, attention is directed to what the river 
appears really to require, viz., a systematic system of 
dredging from Cricklade‘to Teddington, also the enlarge- 
ment of the tumbling bays, and lengthening of the weirs, 
to make the channel of carrying capacity to deliver the 
-floods independent of lateral embankments or storage re- 
servoirs ; deepening also from Teddington to London 
Bridge. Within these limits for 150 miles of river, assum- 
ing the mean width to be deepened at 60 ft., and the 
average depth of 3 ft., 54 million of cubic —_ of dredg- 
ing would be involved, which, at 6d. per cubic yard, wee 4 
amount to 131,2501. A large amount w be usable 
for re-metalling the towing-paths, widening the banks 
where necessary, and welll \ os available for improving 
riparian roads and highways, or be ay hg = ; @sum 
of 188,7501. for rebuilding the older | " ing the 
weirs and tumbling bays, and for newsluices, would raisethe 
amount toa quarter of a million sterling, for which the river 
might possibly be put into an efficient flood delivering condi- 
tion, without having recourse to embankments or storage 
reservoirs. The application of the system adopted for the 
tidal portion to the upper river would erroneous a 
ret sive ; it is not necessary that the banks should be 

ised, but that the bed should be lowered between 
Westminster and Waterloo or Blackfriars Bridges, as may 
be determined ; the completion of the embankment on the 
Surrey shore, with increasing intervening widths down- 
wards—the erection of an embankment on the Middlesex 
shore alone does not get rid of one of the chief blots on 
the metropolitan channel, the shoal point stretching into the 
river at Waterloo Bridge ; aisoa systematic dredging of the 
shoals, partly accomplished, to obtain a regularly increasing 
depth at low water; the enlarged sectional area thus 
obtained to form a compensation ina degree for the amount 
of tidal water excluded at high water, as the inc 
depth of the low water régime raises the height of high 
water, thus affording compensation. If this deepening 
were carried up to Teddington, such an increased range 
of tide might be obtained there, that ultimately Teddington 
lock might be removed, and the reach above eonnected with 
the tidal portion of the river; a compensation fally equal 
to the obstruction that might be caused by any embankment 
works hitherto pro , might be ultimately thus obtained, 
and that great desideration, the increased commercial 
= of the river, be immensely developed. 

t appears to me the increased low-water channel upwards 
would be more useful than any compensation reservoirs, 
constructed for the reception and sto of tidal water as 
an equivalent, the ultimate action of which would be very 
doubtful, and examples might be quoted where such reser- 
voirs in the neighbourh of London, constructed for a 
similar purpose, on the River Lea, were practically a dead 
letter, unused, rapidly mudded up, and abandoned under 
the last Navigation Act. 

If the Middlesex shore be alone embanked, leaving that 
on the Surrey side to futurity, the benefits that might arise 
from the ma‘ and comprehensive measure of James 
Walker in 1840, may be lost, and the low-lying properties 
on the Surrey side, now subject to periodical inundation, 
would remain in the same hazardous position, in the event 
of continued or even increased exceptional of tide, 
which may certainly be looked for. Lord merston 
appeared fully alive to this, as he gave a conditional assent 
that any embankment plan should include both sides. 

That this is no fancied objection, a review of the altered 
— of the metropolitan portion of the river will 
show. 


, | the upper reaches ; on the 2nd of Jan 





The normal height of high water throughout the year in 
the port of London is constant, but abnormal tides now 
rise exceptionally higher compared with those half a century 


On the 18th of October, 1841, the tide rose 3 ft. 6 in. 


above Trinity standard at high beware rm, eyed it was |i 
‘01 


considered by some the highest record r a cen ; 
one, however, on the 29th of J , 1834, of the 
same height; on the 12th of November, 1852, 3ft. 7 in. 
above Trinity was attained ; the land flood of that 

is popularly known as the Duke of Welli 
the demise of the grat captain at that period. Nosuch tide 
recurred for nearly seventeen years, until March, 1869, 
when a similar height was again reached, and this was about 
the period of the completion of the Thames Embankments. 
Five years afterwards. on the 20th of March, 1874, the tide 
rose 9 in. higher than ever before recorded, viz., to 
4 ft. 4 in. ; and on the 15th of November, 1875, 5 in. still 
higher, attaining the extraordi height of 4 ft. 9in. in 
, 1877, the same 
height was attained as in March, 1874; on the 3ist of 
January, 1877, 3 ft. 7 in. was regi ; and on the 8th of 


October last 3 ft. 6 in. to 3 ft. Qin. with a strong NNW. , 


wind. 

These excessive abnormal metropolitan tides, which rise 
no higher at Sheerness than forty years back, arise from 
the almost accidental (as they cannot be predicated) con- 
currence of three causes, an exceptionally heavy land flood, 
meeting an equinoctial spring tide, accompanied by a great 
wester y gale heaping up the Channel sea, suddenly veering 
to north-west, and driving the accelerated tidal wave before 
it from the North Sea up the Thames estuary, the result 
being that a superim wind wave, on the crest of the 
tidal wave, the last of which is due to astronomical 
influences, meets a head of land-water resultant on ex- 
ceptional meteorological conditions, producing excessive 
rainfall. 

Four reasons may be assigned for the accentuation of 
modern exceptional tides, variable in their proportion, and, 
difficult to estimate with existing data ; they are, the in- 
creased rate of discharge of winter floods from the catch- 
ment basin, due, it is assumed by many, largely to the 
extension and improvement of deep or sub-soil drainage, 
though this is denied by others; the low-water régime 
has next been greatly developed, by increased scour and 
dredging, so that the head of the low-water tidal prism, 
with 20 ft. depth, which, a quarter of a century back, was 
below the Arsenal, at Woolwich, is now above the dock- 
yard; thirdly, the removal of the old bridges adds about 
one-third more tidal water above bridge than was admitted 
half a century back; fourthly, the embankments have 
added a few inches to the range, by narrowing, straighten- 
ing, deepening, and ting the channel, by which the 
friction has been reduced, and the tidal momentum has been 
increased; but the additional quantity admitted by the 
removal of the bri is six times the quantity resulti 
from embanking. The interesting question arises, “ 
this tidal development, due to the removal of the old 
bridges, been fully realised at the time of the erection of 
the embankments?’ And again, “‘Is 5 ft. above Trinity a 
safe minimum height, above which no tide of the future 
will flow ?”’ 

An examination of the Admiralty tide tables for the year 
1878 will show on what particular days these exceptional 
tides may be looked for. For instance, near the spring 
and autumnal equinoxes we find the two maximum tides 
of the year. On the 20th and 2lst of March, 1878, the 


nd | calculated height is 22ft. 3in. above the Admiralty low- 


water datum, or 2ft. 2in. above Trinity standard of high 
water; and on the 28th of September it is 2ft. lin. above 
Trinity. Also on the 19th and 20th of February the height 
is estimated at 1 ft. 11 in. above ; and on the 18th and 19th 
of April, 1ft. 8in.; on the 30th and 31st of August, 
1 ft. 1lin. ; and, lastly, on the 27th of October, the height 
is estimated at 1ft. 9in. above. So that, at six periods of 
the year, viz.,in February, March, April, and in August, 
September, and October, 1878, tides 2 ft. in excess of 
Trinity may be looked for ; and, if accompanied or preceded 
by strong northerly winds, 3 ft. excess may be anticipated, 
and if these north winds increase to gales, 4ft. may be ex- 
; and if, lastly, there is an accompaniment of heavy 
d floods, an increase of from 4 ft. to 5ft. may be 
—— above the normal spring range denoted by Trinity 
standard. 

It is also to be noticed that two or three tides preceding 
and succeeding these equinoctial tides are estimated to rise 
within a few inches of the maximum, so that, under like 
conditions, they will be nearly as lofty, or with more wind 
may even rise higher. 

he tides of last springs only flowed about 9in. higher 
than the Admiralty calculated height, due to the absence of 
northerly wind. 

The influence of a south-west gale was shown in a re- 
markable manner; the morning of Monday, the 21st of 
January last, when the tide ebbed one hour and a quarter 
beyond the due time, and fell unusually low, viz., to 
23 ft. 2in. below Trinity standard ; on the 2nd of April, 
1859, and the 21st of October, 1874, under like conditions, 
the tide ebbed to 23ft. below Trinity ; a7 are the lowest 
recorded for the past half century. Under these conditions 
the remains of the foundations of old London Bridge, and 
the piles around the piers of the existing bridge are visible, 
also a belt of sand and silt be: the camp sheeting in 
front of Calvert’s and other w es—rarely visible ; the 
footings of Southwark Bridge piers, the iron cylinders 
below the stone piers of Blackfriars Railway Bridge, the 
extensive beds of broken stone around each pier of Waterloo 
Bridge, and the concrete footings around the piers of 
Westminster Bridge, are all unusually exposed ; the 
‘* long shore’ population turn out on foot along the shore 
in front of the face of the embankments, and in boats, to 
collect iron bolts, chains, and other ‘‘ waifs and strays.”’ 
At Ramsgate, where the gauge does not register so low as 


’s flood, from | « 





ic condition of the metropolitan portion of. the 
es has brought about. 





FOREIGN AND COLONIAL NOTES. 

American Steam Navigation.—A new mail route from 
New York to Havana, vid Cedar Keys, will soon be in 
operation. It will be a tri-weekly service, and as soon as 
another boat is ready the service will at once commence. 

Telegraphic Activity.—In 1876 there were 1061 
areanele ve oa = vr we meet The 
corresponding pro n was 
1000 inhabitants ; in Great Britain and Ireland, 638 
1000; in ium, 538 per 1000; in Denmark, 
per 1000; in Wurtemburg, 418 1000; in Norway, 415 

r 1000; the Luxembourg, 324 per 1000; in Germany, 

per 1000 ; and in France, 275 per 1000. 

Coal in Belgium.—The production of coal in Belgium in 
1876 is offici returned at 14,329,578 tons. Of the coal 
thus produced in Belgium in 1876, 10,486,660 tons were ex- 
tracted in the Hainaut, 474,975 tons in the province of 
Namur, and 3,367,943 tons in the province of Liége. 


Rolling Stock on the Lake Shore and Michigan Southern. 
—The amount of capital expended for rolling stock by the 
Lake Shore and Michigan Southern Rai Com to 
the close of 1877 was 14,378,709 dols., this sum having n 
deveted to the acquisition of 495 locomotives and 10,546 
cars. The expenditure made a company in the repair 
and maintenance of its engines last year was 550,421 dols., 
while a corresponding expenditure of 751,476 dols. was 
made in the car department. The —e expendi- 
ture in 1876 for repairs was: Engines, 555,605 dols. ; cars, 
848,230 dols. 

The Coalfields of China.—Baron von Richthofen esti- 
mates the present coal production of China at 3,000,000 tons 
ann - The anthracite beds of Shansi represent 
1,000,000 tons ; the bituminous coal of that province figures 
for 700,000 tons; that of the province of Hunan for 
600,000 tons; that of Shan for 200,000 tons ; and that 
of Chili for 150,000 tons. the eighteen provinces of 
China contain coal; and although the extent of the China 
coalfields and the age and quality of the coal vany, yet China 
may, in the opinion of Baron von Richthofen, be regarded 
as one of the first coal countries of the world. 

T hy in Russia.—In 1876 Russia possessed 40,531 
sallon ot Ulapreoh and 78,243 miles of wire. The number 
of Government se offices in Russsia in 1876 was 766, 
and there were also railway telegraph offices. 

Austrian Railways.—The Temesvar and Orsova Rail- 
way has we been opened for traffic. This line is intended 
to unite the Franco-Austrian Railway with the Roumanian 
network of lines. 


Coal at Marseilles-—The quantity of coal which arrived 

the ag the bag — and an 
ear was n ns, as compared wi 
308,577 tons in 1876. 

Gas at Paris.—The revenue of the Parisian Company 
for Lighting and Heating by Gas is continually extending. 
The amount collected by the company in tho first four 
months of this year was 777,0661., showing an increase of 


tal 


53,4661., or 7.39 per cent., as com with the corre- 
sponding period of 1877. , 

The Suez Canal.—The dividends upon the share capital 
of the Suez Canal Company are s improving. The 


ividend for 1875 was as nearly as possible at the rate of 
a cent. perannum. The corresponding dividend for 
1876 was at the rate of 5$ percent. per annum ; that for 
1877 is to be as nearly as possible at the rate of 6} per cent. 
perannum. The 20l. shares of the company hav> crept up 
to 301. each upon the Paris Bourse. 


Steel Rails upon the Cologne and Minden Railway.— 


The whole extent of the and Minden Railway s 
is 1417 miles. The h of which has now received steel 
rails is 1060 miles. The effect of the introduction of steel 


rails upon the Co and Minden system has been very 
great, rail renewals having been reduced during the three 
pane ending with 1876 inclusive to the extent of 70 per 
cent. 

Iron in Belgiwm.— Ty oma of pig iron in 
~—— in 1876 was 490, tons. The nding 
production in 1875 was 540,473 tons ; in 1874, 532,790 tons ; 
in 1873, 607,373 tons; and in 1872, 655,565 tons. ‘The 

uantity of manufactured iron produced in ium in 
1876 was 369,560 tons; in 1875, 436,440 tons; in 1874, 
510,920 tons ; in 1873, 480,374 tons; and in 1872, 502,577 
tons. 

Japanese Workmanship.—The Cunard Com is hay- 
nie tee cable fittings of its new steamer, the made 
erg where the work can be done far cheaper than in 


Canadian Pacific Railway.—The formal ing of the 
Canadian Pacific Railway from Prince Arthur’s i 
to Syn place on Saturday, May 4. The 
train left the i at 9 a.m.on that day, and ran a dis- 
tance of 50 miles. 
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RAILWAY 


BRIDGE OVER THE DOURO, NEAR OPORTO. 


MM. G. EIFFEL AND ©O., ENGINEERS AND CONTRACTORS, LEVALLOIS-PERRET, NEAR PARIS. 


(For Description, see Page 493.) 








AMERICAN IRON AND STEEL WORKS. 
By A. L. Hottey and Lenox Sura, 


No. XXVI.— Works or THE CamBria Iron 
Company—(continued from page 422). 

Mineral Resources —Mines.—Johnstown is a modi- 
fied — of Pittsburgh. It is built in the 
arena of an amphitheatral cutting in the lower coal 
measures formed by the waters of the Stony Creek 
and the Little Conemaugh river, which unite at 
this place, and form the Conemaugh, just as the 
Monongahela and Allegheny rivers have hewn out 
a seat in the upper coal measures for the city of 
Pittsburgh at their union in the Ohio river, ‘The 
slopes of this natural amphitheatre at the works at 
Joknstown are terraced with the outcrop of the coal 

















beds of the lower coal measures, surmounted with a 
valuable bed of carbonate iron ore, the whole capped 
with the barren measures. The coal and iron ore 
can thus be opened above water level, and obtained 
at a minimum cost at various points around the 
works, affording qualities of mineral fuel specially 
adapted to the various uses in the preparation of 
the materials, and finishing iron and steel rails. 

The company own in fee simple, in the six coun- 
ties into which their mining operations reach, 
51,962 acres of mineral lands, located as follows: 
Around iron and steel works, Cambria County, 
23,914 acres; Somerset County; 6211 acres; In- 
diana County, 1768 acres; Blair County,. 7392 
acres ; Bedford County, 10,577 acres; and Hunting- 
don County, 2100 acres. 























Coal Mines. — The Johnstown coal mines are 
situated in the middle of the great Appalachian 
field. The measures at the iron and steel works 
are on the east side of the second basin—dipping 
gently west—just sufficient to afford equalising gra- 
dients in mine hauling, and ready exit to mine 
waters. 

The Blast Furnace Mine is located in the rolling 
mill yard at Johnstown in the second workable bed 
of the coal series, on the north side of the valley. 
The coal is semi-bituminous, 3 ft.in thickness. This 
coal is best adapted for coking, but requires 
washing to remove lenticular deposits of slate and 
other impurities. The adit or gangway is a mile in 
length, with double tracks for empty and loaded 
trains. The coal is drawn up a plane to the wasber, 
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and is dumped into Belgian coke ovens, The coke is 
; | ANALYSES OF MiInERALS, FUELS, AND FLUXES USED IN THE MANUFACTURE OF IRO 
—- vi ba ha to the blast furnaces in their AT THE Cambri IRON AND STEEL Works, JOHNSTOWN, phn ao cm Ae Crema, 
“te aw ry poe is lowed in the south side er ato 
e valley, the Conemau ividing it from the oes Alu- Carbonate of [O#tbonate Me- 

iron and steel works, Tie exam is 34 ft. thick. roa | SN | mina. Manganese,| Lime. Magnesia. phoras, Sslpbar| Water. os 
The mine workings are quite extensive. e minin ~ 
face is three miles long with an outspread of coal in From Mines of Cambria 
advance of five miles. The coal in this bed is Tron Company. 
specially adapted for puddling furnaces, iron work. |Sr*mete'No.3° | ma! yee | a | gg | oan | au | gar) ame | gas |e 
ing, and steam generating, from the fact that its 3 : 3 ; : aa eA ‘ 0.65 | 60.43 
oughar is fixed 4s wrmery selenite, and goes into : _ Po ae a a ne — ee 
the Sond a OS into the iron, thus giving ita| “ foe oe o> 
peculi ue for the uses to which it is applied. Specular—Republic * 

The coal is hauled from the mine and delivered to Magnetic “ 98.00 is O38 oe 098 oon 0-080 me ols y-4 
all nag of = iron ye On — by mine loco- ee ” 14°30 ve sie m oo + eg 63.50 
motives, in the cars which come from the mine . ; a ; . , 40.12 
workings, without breaking bulk. The mine also Mitt Inow Ons. 
supplies coal for domestic a to the employés of as —y ~ seomeagaaes 
the Cambria Iron Company as well as to many of Johnstown Carbonate” 77.64 7.84 1,02 1.39 10.10 1.01 | 0424 | 0.21 |cal 
- way of “yoo ee a 82:13 13.95 0.85 0.40 0.06 0.04 1.020 | trace aoe = 

ron Ore Coal Mine.—This mine is worked in the | Frankstown—Redhematite “| 61, : 0.61 one 0.07 | 0.182 | trace | 0.50 | 65.80 
s0-called Sermon seam. Its coal is used in calcining Hopewell Foe nn id 84.55 11.22 Lo2 03 eit 6.09 0:70 Son 210 tole 
hee! —— iron a 50 - a the — esburg + ev) 75.61 8,70 2.09 trace anid 0.050 | 0.12 | 12.40 | 52.93 

- den per cent. of coal is used in calcining the | Other Ores contracted for. 
raw iron ore, ro- 

The Woodvale Mine, at Woodvale in the eastern | “"*—Tipton ... 77.96 10.27 1.02 | sori) 6.61 0.54 1.350 | trace | 0.51 | 54.87 
suburbs of Johnstown, is located on the south bank | Fossil—Kurtz 27.97 — 0.140 | none 43.25 
of the Conemaugh. It is in the same bed as the| ,, (metal- : 
blast furnace mine, and supplies the extensive | °°" Pete... ow { oan we 0.670 va 89.98 
woollen and flouring mills at Woodvale. ‘eittiieeamaiinicaiaiia f 

The Conemaugh Mine is located near East Cone- ee 
maugh /raunaneg and supplies coal for making the coke en yl be mirla 
used at this furnace, It is nearly two miles east | Henrietta, Blair vanity, 66 82 
of Johnstown. The coal makes a very fair coke. Penneylvania.. we eh] . - — “= me Ae) eS | 

The Bennington Shaft at Bennington near the 
summit of the Alle he Memnahe te worked in aoa Cae ae x (insol. (metallic 
the second workable seam of the lower coal] Pennsylvania... 23 1.36 matier } 90.96 cobalt) } 0.090 | trace 
measures, here 3 ft. thick, from which about 110,000 dusol. pre we 
tons of coal are mined annually. The coal produces | Sp®nish manganese 42.02 { mater } { toxide) } (0.029) 29.42 
a coke equal in all respects to the Connelsville. a aaa 
This mine supplies fuel for four furnaces, east of 
“the mountain” together with their associated ANALYSES OF Coats, COKES, AND FLUXEs. 

— pow ore a, 

be coal is coked for the Bennington furnace at Volatile Fixed 
present in on pits; at the Hollidaysburg furnaces, ae Matter. | Carbon. | Sulphur.) Ash. Coke 

ie in Be = ovens and partly in open pits ; at 4 Ookna 
‘rankstown furnace in open pits. The company is ; ; 
now erecting at Bennington mine 100 Belgian coke| Peacock See a | en 73.66 | 0.43° 3.33 76.99 
ovens to coke a full supply for the four furnaces in | Cement seam oe | 16.58 76.87 0.472 6.55 83.42 
Blair County. This coal is superior for black-| Limestomeseam 40000 000. us oe oe) 18.89 72.07 0.842 8.04 80.11 
smithing purposes. Coke yard seam 00 1. se ws nee wees) 19.66 74.49 0.708 5.85 80.34 

The actual output of the six coal mines worked saad = gia gee kd lied. Se ee | ae et 4 oo 
by the company in 1877 was 256,052 tons. The| °° sa , , : , 
estimated capacity for the year 1878 is 400,000'tons. Coxzs. 

Iron Ore Mines—Benshoof’s Mine.—The car- ___ (From Mines of Cambria Iron Company.) 
bonate ore mine is the principal iron mine worked | Belgian ovens, Johnstown ©... we see 90.48 0.56 | 8.96 
at Johnstown. It yields about 50,000 tons an-| >... 4 PR “tf - i = 73 
nually of coal measure ore, “and is located imme-| “°°? Wahea .. ms 86.29 0.91 12.20 
diately above the coal, which is utilised to the " 
extent of 10 per cent. of the amount of ore mined in ‘ OrneR Coxe CONTRACTED FOR. 
calcining it, which is done in hea The ore | Beehive oven, Connelsville ..  «. =. 87.46 0.69 11.32 
contains about 30 per cent, of “m iron and a : 
sufficient percen of ‘lime*to flux it, so that it is 
charged in the blast furnace after calcination l : 
without the admixture of any limestone other than a. he ae out Water 
that associated with it. mene soluble bonate | Bonate _ Phos- |x), por 3: and 

The Frankstown fossil ore mines are located about * Matter. of Lime. °! Mag- | phorus _—_ Alu. | Organic 
three miles east of Hollidaysburg, and = about nOGiA. mina, | Matter. 
25,000 tons of iron ore per annum: The ore is -—|- 

18 in. thick, and is a compact, densé red hematite, | (From Quarry near Altoona, Cambria Iron Company. )/ 
containing 50 per cent. of vetallie iron and 0.3 per | Cressw a we Sie ee ie 988 O11 0.008 None | 134 O58 
cent. of Phosphorus. This is the only locality in ” rae ~ ; . ; : att ia : 
Pennsylvania in which this quaiity of ore has been | (From Quarry near Henrietta, Blair County, Penn- 

worked. The ore is found in the lower portion of the sylvania, Cambria Iron Company.) 

Clinton Group Vag V. of gdh dm a Survey. | Dolomite limestone... © 0 ies 4.75 | 49.98 | 45.27 

The Springfield Mines are located in the t =e + 
« auroral” one valley of Morrison’s ve, 

68 miles eastward from Johnstown. ‘The ore is} A short distance south-westward in the same | cient stock of ore has accumulated for one or two 
found resting on a tloor of sandstone. The deposit | valley, the Bloomfield Mine is worked. It is a) years in advance, f ’ 

is canoe shaped, having near the bottom a sediment | member of the same family of wash-ore mines. It| The actual output of the seven iron ore mines 
of excellent pure iron ore 3 ft. to 16 ft, in thickness, | produces about 25,000 tons of ore per year, which | owned by the Cambria Iron Company during the 
This is ed by a shaft 176 ft, deep. Above|is purchased by the Cambria Iron Company, and is — 1877 was 101,311 tons. Manganiferous and 
this bottom deposit is found the wash ore—pieces of | also used in making Bessemer iron. ematite ores are purchased from small mines in 
ore mixed with clay and loam, which ate separated| he Henrietta Mine is 12 miles south of Spring- the valleys of the Juniata, which would increase 
from the ore by a h washing. rpheld the — field, at the western base - chee y ea = amount used, embracing Bloomfield, to 150,000 
series of mines an ers at Springfield, extend-| near Martinsberg, in Blair County, and 66 miles | tons. i : 

ing about two miles lengthwise with the great|from Johnstown. The ore is a brown hematite ina In addition to the iron ores mined on its own 
wie 50,000 tons of iron ore were shipped to | regular bed in the lower member of the ‘+ Matinal” property, the company annually purchases large 
Johnstown in 1877. The ore is a brown hematite, | slates (No, IIT.), resting on the ‘‘guroral” limestone | quantities of Lake Superior specular and netic 
very low in phosphorus, contributing alumina in the | of No. IL, having along its outcrop a zone of rich | Ores, and New Jersey magnetites and F ite. 
formation of slag in its association in the furnace | wash-ore, which has been extensively opened and It also imports quite largely for use in the production 
with the Lake Superior ores, It is thus a very im-| washed. This mine is capable of yielding 25,000 tons | of spiegeleisen, the rich and uniform Spanish man- 
portant auxiliary in the production of Bessemer |to 30,000 tons of ore per year when in full opera- | ganiferous ores. . ; 

pig iron. . tior. At present the mine is not worked, as a sufli- | Limestone.—About five miles south of Altoona, or 
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44 miles from Johnstown, on the Hollidaysburg 
branch of the Pennsylvania Rai the 

quarries of excellent limestone are located. e 
limestone is in the lower Helderburg Group, No. VI. 
of the Pennsylvania Survey. It is found in great 


masses, and is dumped into the railroad cars from the | s 


quarries. Over 65,000 tons of very pure limestone 
are shipped from these quarries to the works at 
Johnstown, and are mainly used as a flux. 

Sand and Ganister are procured from neighbour- 
ing localities, the latter mainly from the débris of 
the Levant sandstone (No. IV.) east of the Allegheny 
Mountains. 

A careful approximate estimate of the mineral 
resources contained in the lands owned by ‘the 
company has been made by Mr. John Fulton, 
its general mining engineer, as follows: Goal, 
350,000,000 tons; iron ores, carbonates, 17,000,000 
tons; red hematite, fossil, 1,927,000, tons; brown’ 
hematite, limonite, 5,176,000 tons; fireclay, 75,000, 
tons, besides large deposits.of sand and Pees 

The large body of coal and iron. ore: owned 
by the company around its works in Cambria ‘and 
adjoining counties—all carefully selected for specific 
purposes in the several processes in the production 
of iroh and steel rails,-&c,—enable it to control 
and regulate supplies, to produce with the utmost 
economy, and to combine- the wide selection of 
ores,and fuel at its command, so as to produce 
the very best materials of each kind. They also 
render the company independent of the fluctuations 
and vicissitudes of the general market, and enable 
it to sustain a high degree of uniformity in the 
quality of its productions. The Tables on the pre- 
ceeding page give analyses of most of these 
materials. 








THE INSTITUTION OF MECHANICAL 
phere amg 

In our last issue (vide page 474 ante) we gave 
particulars of the proceedings on the first day of the 
Paris meeting of the Institution of: Mechanical 
Engineers during the past week, and also’ aliuded 
briefly to the proceedings of the second day. We 
shall now deal with these more fully. © * 


HypravLic Macuinery AT ‘TouLon Dockyarp, 

On Wednesday the 12th inst. the 
commenced with the discussion of M. Mave Borrice 
Fontaine’s paper ‘‘On the Hydraulic Machinery in 
the Shipbuilding Department of the Naval Dockyard 
at Toulon,” which had been read on the preceding 
day. This was.a very interesting paper, which we 
shall hereafter publish in ewtenso, meanwhile we may 
before speaking of the discussion give a summary 
of its contents. In 1874 the French Government 
decided to provide at Toulon a shipbuilding estab- 
lishment, fitted. up with the most modern appli- 
ances and ro fof turning out vessels of the 
largest size. M. Marc Berrier Fontaine was deputed 
to prepare plans for the new works, and after visit- 
ing England and examining the principal shipbuild- 
ing yards there, he decided to lay down a large plant 
consisting of tools worked exclusively by hydraulic 

ower, and these tools were ultimately procured 
rom Mr, R. H. Tweddell through Mr, Henry Chap. 
man, of Paris. 

At the time the alteration of ‘Toulon yard was 
undertaken, there already existed there a shop fitted 
with some ordinary machines for dealing with ships’ 
ironwork, and also a small smiths’ shop ; to these it 
was decided to add two other shops, one a smiths’ 
shop to replace the old smiths’ shop, which was of 
insufficient size, and the other a shop 377 ft. long by 
164 ft. wide, to contain the new. hydraulic tools and 
three reheating furnaces, one specially arranged for 
plates, and the two others for angle-iron and 
channel-iron work. These furnaces are all fur- 
naces on Mr. Gorman’s system, The hydraulic tools 
include two double machines for punching and 
shearing wre up to thicknesses of ] in. and 1} in. 
respectively, two lighter single punching and shear- 
ing machines, two quadruple machines for punching 
and shearing angle-irons, a large vertical press for 
bending garboard strakes, and also available for 
flanging, corrugating, &c., two horizontal presses 
for bending channel-irons, &c., cold, one being 
capable of exerting a pressure of 100 tons, and the 
other 50 tons, six other smalier horizontal bending 
presses, three exerting a~ pressure of 10 tons each, 


and three of 5 tons each, two hydraulic cranes, and) 


two hydraulic capstans. Besides this plant inside 
the new workshop, there are also outside the shop 
one of Mr. Tweddell’s fixed, and two of his portable 


rivetters, and a vertical press capable of exerting a 
pressure of 1000 tons, This r is not 
a new machine, but is one formerly for bendin; 
armour plates. It is worked by the aid of speci 
pumps capable of giving a pressure of 300 atmo- 
eres, the remainder a the hydraulic tools, with 
the exception of the fixed rivetter, being supplied 


with water ata of 1500]b. per square inch 
by two prt fed by pumps worked by a 
horse power.as @ maximum. e fixed rivetter has 
a differential accumulator and special pumps of its 


own. if 

From what we have stated it will be seen that the 
— at Toulon ig a very extensive one, and, there- 
ore, the conclusions at which M. Marc Berrier Fon- 
taine has arrived,respecting its fitness for its work 
carry considerable-weight. These conclusions are— 
as will be seen wlien we publish his paper—very de- 
cidedly in favotit’ of the hydraulic tools. He 
concludes that they involve less first cost in 
establishment, and that they are cheaper to work 
than ordinary tools, while he also speaks highly 
of their ‘performances. M. Fontaine also gives in 
his paper the résults of a number of interesting 
‘indicator experiments carried out by him to de- 
termine the action of different machines when at 
work. 


A number of enlarged copies of these indicator 
diagrams were exhibited at the meeting, and before 
the discussion ee commeneet Mr. Tweddell, at 
the request of the President, gave an explanation of 
them. The eae were of much interest, but 
without illustrations it would be impossible to give 
a fair idea of théir‘tharacter. After a few general 
remarks from Dr. Anderson, Mr, Greig, of Leeds, 
spoke very favourably of the practical results ob- 
tained with tools worked by hydraulic pressure, and 
he concluded by inquiring how the hydraulic cy- 
linders for such tools—to work at, say, 2000 lb. 

ressure—could best be made. In reply to this Mr. 
Ellington stated that so far it had been the rule to 
make the cylinders of cast iron, and with good ma- 
terials and proportions no difficulty was mega i 
but that for special: ighter cylinders coul 
no doubt be made oF sta Be , be 
applying hydrauli¢ power .on,. Dar 
mines, and for miningpurposes ,he believed that 
hydraulic lifts could in many casesbe-advantageously 

engines. 


Kr oa teat 6 TOO 
r. Ross, who spoke Hext, took e: 
employment, at Toulon, of machines 
water at different 


same pressure should. be'(' throughout. 
Had the old referred to in aper been pro- 
vided with a larger cylinder it would fave done its 
work with 15001b, pressure. Sir William Arm- 
strong and Co., he stated, now used a™“pressure of 
700 lb. = in all casés. “He (Mr. Ross) 
objected to the employment in boiler or ship-yards 
of special hydraulic machines of the kind described, 
as it restricted the application of power. As re- 
ded Mr. Tweddell’s fixed rivetter the indicator 
iagrams exhibited showed that a pressure consider- 
ably in excess of that due to the load on the accu- 
snnlantie was attained on the cylinder at the end of 
the stroke, this increase of pressure being’due to the 
arresting of the fall of the accumulator ram. He, 
however, would rather be without this dynamic 
effect and have an equal pressure throughout. The 
d ic pressure was not attained unless the accu- 
mulator was well up, and he would, therefore, object 
to rely upon it, and would prefer having a steady 
ressure even if it involved the use of more water. 
the case of an old hydraulic rivetter at Sir W. 
Armstrong’s works, the ram was set up by admit- 
ting to the cylinder water from a tank on the roof 
of the building, the full pressure being subsequently 
put on. Three rams for attaining different oe 
sures could be employed in such machines if de- 
sired. Mr. Ross also observed that he could’ not 
see any advantage in the differential accumulator 
employed in connexion with the fixed rivetter. A 
simple ram accumulator would accomplish the same 
work with less friction. With the simple accumu- 
lator the frictional resistance would correspond 
with a loss of about 201b. to 301b. pressure per 
square inch, but with the differential accumulator 
the loss ‘would be much more and would be con- 
stantly occurring as the accumulator rose and fell. 
The next speaker was Mr, James Platt, who 
stated that he had had experience’with multiple 
linder machines of the class recommended by Mr. 
Hoss, but that he had found them objectionable on 
account of the want of simplicity. 












e@ power re- 





double-cylinder engine developing about 50 actual | 





quired by hydraulic rivetters was much less than 
steam rivetters, and it was also probably less than 
that necessary to drive ge machines. . The 
of 1500 1b. used at Toulon had: been found, 
on the whole, to be the pressure best adapted to 
machines of the kinds described; but there would 
be no difficulty in using higher pressures in cases 
where it was desired to obtain greater compactness 
in a machine, or where it was otherwise desirable. 
Mr. Platt also drew attention to the specimens of 
a forging shown at the Exhibition by Mr. 
ell, and in conclusion he stated that with 
hydraulic rivetting there was no necessity to close 
the plates by the machine, and that from the result 
of a number of experiments with holes of al) kinds, 
he could say that there was no tendency for 
hydraulic closed rivets to ‘‘ washer” between the 
plates, 

Next Mr. Gimson observed that he thought M. 
Fontaine in his paper paid too much attention to 
economy; but that in any case as shown by the 

i the power usefully employed was very 
small com: with that expended, the water being 
all drawn from the accumulators under a constant 
pressure, whereas that pressure was only really 
utilised during a portion of the stroke. In ordinary 
geared machines, on the other hand, the power was 
only omens in proportion to the work actually 
done. M. Fontaine had stated in his paper that the 
employment of the hydraulic system enabled shaft- 
ing to be} di with ; but shafting was 
necessary for driving the other machinery in the 
works, such as rolls, &c. At Toulon, where the 
hydraulic machinery was kept apart, the shafting in 
that particular shop could, of course, be dispensed 
with, but this would not apply in ordinary cases, 
Moreover, with hydraulic tools, so long as the same 
machine was used, there was the same expenditure 
of power when punching a ?in. hole in a fin. plate 
as when a lin. hole was punched in a 1 in. plate, 
and this was very wasteful, 

Mr, Wilson, of the Avonside Engine Company, 
next drew attention toa statement of M. Fontaine’s, 
that a portion of the useful work indicated by the 
diagram from the fixed rivetter was not utilised in 
closing the rivet but in ‘‘ clinching,” an observation 
which drew from Mr. Greig the remark that this 
“clinching” was all of the work to be done 
and was as much useful effect as any other part. 
Mr. Wilson then commended the portable machine 
and said that at the Avonside Works one of these 
machines worked by two labourers enabled six gangs 
of rivetters to be di with. In straight work, 
such as tender frames, it sey 70 three-quarter inch 
rivets per hour. Mr, Wilson then drew on the black 
board a sketch of a modification which he stated he 
had introduced to enable a hydraulic rivetter to work 
with a variable stroke, the hydraulic ram being 
coupled to the closing die by a lever having a shift- 
ing fulcrum. On this, Mr. Paget inquired whether 
the arrangement sketched by Mr. Wilson was not one 

reviously patented by Mr. Tweddell ; but this Mr, 

ilson did not admit, Mr. Menelaus next observed 
that he considered that the quality of the work 
done by machines of the kind described, and their 
general’ trustworthiness, were of much greater im- 
portance than any slight differences in the economy 
of motive power, and, in the absence of M. Fontaine, 
Mr, Tweddell then replied to the discussion, 

Mr. Tweddell. especially commended the com. 
bination of theory with practice shown by M. Fon- 
taine’s paper, and he agreed with Mr. Menelaus 
that in considering the advantages and disadvan- 
tages of a hydraulic plant, its economy and per- 
formance as a whole should be considered. As 
regarded the old press at Toulon, which Mr, Ross 

recommended should have been altered to work 
at 1500 lb. pressure, it was an old machine and had 
nothing to do with the new plant, He (Mr. 
Tweddell) agreed that a uniform pressure was de- 
sirable, but in his own practice with hydraulic tools 
he preferred that that pressure should be 1500 lb. 
per square inch, The pressure of 700 lb. I aap square 
inch used by Sir W. Armstrong did well for cranes ; 
but he might state that.in Sir W. Armstrong’s own 
works—with which Mr, Ross was connected—a 
pressure of 15001b. per square inch was used with 
a hydraulic rivyetter. In the United States, Messrs. 

ers, who were the makers of his hydraulic 
rivetters there, used. a pressure of 2000 lb, 
square inch, and some tools were now g 
made for a pressure of 1 ton per square inch. As 
regarded the differential accumulator which had 
been objected to by Mr. Ross, that form was em- 
ployed because it enabled a guide for the weights to 
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be conveniently obtained, while as regarded mul- 
tiple cylinder machines, he had tried and discarded 
them. The use of shafting as recommended by Mr. 
Gimson, involved much expenditure of power in 
overcoming frictional resistances. In the United 
States, he added, that in straight work they were 
now putting in 6000 rivets per day of 94 hours with 
his rivetting ines. In conclusion, he stated 
that the arrangement which had been sketched on 
the black board by Mr. Wilson was one which he 
had designed and patented some time ago for getting 
a varying pressure without changing the weights on 
the accumulators. A vote of thanks having been 
accorded to M. Fontaine for his communication, the 
next paper was then read. 


MECHANICAL TRACTION ON 'TRAMWAYS, 


The next paper was one “ On Mechanical Traction 
upon Tramways,” by M. Anatole Mallet, and it dealt 
ably with asubject which at present possesses special 
interest. We publish the first portion of M. Mallet’s 
paper in our present number (vide page 503), and it 
will, therefore, be unnecessary that we should give 
any abstract of ithere. Thediscussion on the paper 
was commenced by Mr. Jakeman, who stated that in 
the case of the Paris tramways, Mr. Harding bad 
stipulated that the weight of the engines should be 
kept down to 30 ewt.; but this was of course not 
possible. Messrs. Merryweather and Sons had, how- 
ever, succeeded in keeping the weight down to little 
over 3 tons, and an engine of this weight took a car 
up the Avenue Josephine, which was a considerable 
gradient. Subsequent engines had been made some- 
what heavier, 

M. Tresca, who spoke next, complimented M. 
Mallet on his paper, and then proceeded to deal 
with the respective merits of independent engines 
and of combined engines and cars for tramway 
work. ‘The frictional resistances on tramways, he 
pointed out, were so high that light engines were 
useless in many cases, and this was one great point 
in favour of the combined system, as with a given 
amount of total dead weight a greater weight avail- 
able for adhesion could be obtained. In conclusion 
he suggested that special attention should be paid 
to an improvement in the permanent way with a 
view to diminishing the resistances and enabling a 
reduced engine power to do the work. 

The next speaker was Mr. Charles Brown, of 
Winterthur, who said that the combined engine and 
car referred to by M. Mallet in his paper as having 
been built by him, was one constructed for Mr. 
Brunner, It proved what M. Tresca had advanced 
respecting the advantage of a combined car and 
engine, but it was too complicated, and was of a 
type which was awkward to deal with in the event 
of derailment. Improvements have now been made 
in this pattern of combined tramway engine and 
car, but he could not recommend it for use except 
in places where heavy gradients had to be dealt with. 
With a 6-ton or 6}-ton independent engine it was 
possible to take 24 times the weight of the engine 
up a gradient of 1 in 25. The channel rails ordi- 
narily used on tramways formed, he considered, a 
very defective permanent way, and offered great 
resistances, the latter amounting in some cases to 
as much as 44 1b. per ton, The best permanent 
way for tramways that he had met with was that 
used at Geneva,* which consisted of two ordinary 
rails placed side by side with a space for the 
flanges between them. On this permanent way he 
had never found the resistance to exceed 22 Ib. per 
ton. 

Mr. Hughes, of Loughborough, observed than no 
mention of his firm was made in M. Mallet’s paper, 
although he was now working his own engines on 
his own tramways, the engines running over 3000 
miles per week. He quite agreed with what had been 
said about the great resistance on tramways, and 
the fact was clearly shown by the working of con- 
densing engines on tramways and railways re- 
spectively. On arailway 200 gallons of cmiendien 
water would last one of his engires' 10 miles, but 
on a tram rail only about half a mile.. In designing 
a tramway locomotive he considered that we ought 
to utilise existing railway experience to greater 
extent than has os been done. In his own 
experience he had not found the wear of tramway 
engines excessive. In Paris there seemed to be 


considerable liberty as regarded the discharge of = 


steam from the chimney, but in England the 
Government authorities enforced very strict rules. 


~ ® This permanent was illustrated by us on page 154 
of our twenty-fourth volume. . 
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They insisted on condensation, and would allow of 
no discharge whatever of steam or smoke, while 
they also controlled the speed at which engines 
were to be run, and had a rule that an engine should 
run within 4 in. of the rails. In Glasgow his engines 
were working under the inspection of the police, 
who would at once report any irregularities. At 
Glasgow the total cost of ties: Foe by engines was 
about 5$d. per train mile against 7d. by horses, 
there being in the latter case two horses to each 
car. No tramway locomotive could compete suc- 
cessfully, he considered, with a one-horse car, but 
they can and do when acar has to be worked by 
two horses. Tramway locomotives required to be 
of extra strength throughout and to be well made, 
while they also required good drivers. Locomotive 
drivers, as a rule, want to go too fast, and in fact a 
special class of drivers has to be educated for tram- 
way work, On this account he was glad that the 
introduction of steam on tramways had only pro- 
gressed slowly, as if it had been introduced too 
rapidly, the engines being worked by untrained 


men, very results might have been expected 
and the ultimate general introduction of steam would 
have been delayed. On his own engines he employed 


one man only and did not stoke on the road, the 
firebox being sufficiently —P to carry a fuel 
supply for a ten-mile run. ith a suffigiently large 
x he did not find any very great water capa- 
city in the boiler n x engines worked 
without any blast whatever, and they, therefore, 
could not show steam at the chimney. The condi- 
tions of working were, he considered, such as to 
produce great economy, for a hand could be held 








over the chimney without inconvenience, and hence 
there was very little heat wasted. At Glasgow his 
tram locomotives had worked in competition with 
those operated by compressed air; but the latter 
required about five times as much fuel to work the 
air-compressing pumps as was necessary in his tram- 
way locomotives to do the work. In reply to an 
inquiry from Mr. A, Paget, Mr. Hughes stated that 
he had an initiel pressure of about 801b. in his 
engine cylinder and that he did not employ any 
particularly large degree of expansion ; he, how- 
ever, kept the temperature of the condensing water 
under 107 deg., as if it exceeded that temperature it 
began to show vapour. He also further stated in 
reply to an inquiry from Mr, Markham, that the 
condensation in his engines is effected by admitting 
water through a self-adjusting valve in the exhaust 


pipe. 

Ate. I. Lowthian Bell next called attention briefly 
to a tramway engine with an air surface condenser 
which had been made by Messrs. Kitson and Co., 
and tried at Leeds, and Mr. Ross then advocated a 
combination of hydraulic power and compressed air 
for working tramway engines. Mr, Ross suggested 
that the engines should be fitted with what would 
be practi a orate accumulators, they being 
charged with a mixture of air and water at the 
stations and the water under pressure thus stored up 
being used to work hydrautic engines. Mr. Ross 
stated that he had worked out the chief features 
of this system, and that assuming the friction to be 
as great as that stated by Mr. Brown, namely, 
44 1b. per ton, and the load to be hauled to be 
5 tons, then only 3} cubic feet of water would be 
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required per mile, it being assumed that the initial 
storage pressure was 15001b. per squareinch, and that 
the final pressure was 700 ib. per square inch, In 
these figures there is evidently a very considerable 
error, even if the resistance be assumed to be uniform, 
which itis not. Mr. Ross appeared to have for- 
gotten that in a tramway engine it is necessary to 
have the cylinders of such size as to develop, when 
desired, the maximum power required for starting, 
&c., and if the system he advocates were adopted 
this would necessitate the employment of cylinders 
very much larger than those merely necessary to 
overcome the average resistance, and thus the hy- 
draulic power would be utilised very wastefully, 
Mr. R. E. Crompton, who spoke next, referred 
to the experience he had had in working road 
steamers in India. He had there found the wear 
and tear of small fast-running engines to be ex- 
cessive on account of dust, in fact the heaviest 
charges in the working expenses were due to this 
cause. He had practically reconstructed the engines, 
but he did not attain good results until he had got 
the working gear about 4 ft. above the road level. 
Even then the heavy wear eventually caused the 
engines to be stopped. The Indian roads, he added, 
were some of the finest macadamised roads in the 
world, but there was a great deal of dust to contend 
with. He had run engines in Glasgow without 
trouble, and the absence of dust there probably ex- 
plained Mr. Hughes’s remarks. The present first 
cost of tramway engines he considered too high, and 
he thought it might eventually be reduced to about 
250/. per engine. In the paper no allowance had 


been made for shed days, or for engines under 
repairs ; but he thought thatit might be anticipated 
that ordinarily there would be two engines in shed, 
cr in the shops, for each one at work. Moreover, 
he did not think that an average daily mileage of 
60 miles would be obtained. Considering the delays 
and stoppages in large towns he considered that 
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40 miles per day would be nearer the mark. On 
this point Mr. Hughes observed that he was running 
his engines 75 miles per day. Mr. Jeremiah Head 
explained that Mr. Hughes made his crank-pins 
and other bearings larger in diameter on the wear- 
ing portion than at the ends, and the brasses thus 
held the oil in instead of allowing it to be thrown 
out by centrifugal force. This construction he 
suggested had probably something to do with the 
success attained. 

Mr. R. Price Williams agreed with the remarks 
which had been made respecting the importance of 
low first cost of tramway engines, and stated that 
on the whole he considered that steam would prove 
the best motive power; while Mr. Greig re- 
marked that he had spent a good deal of time and 
money in the matter under consideration, but had not 
yet arrived at a satisfactory result. He (Mr. Greig) 
observed that it was somewhat disappointing to 
find two horses hauling a tramear, and then to dis- 
cover that it took a five or a six-ton engine to 
do the same work. He had at present three tram- 
way engines in a shed at Leeds, but he intended to 
keep them there until he got something better and 
cheaper, The cost of atramway engine he agreed 
should not be over 250/. He believed that tramways 
would be extended along common roads in the 
neighbourhood of towns for working local traffic, 
and if 6-ton engines were used this meant that it 
would be necessary to put down a much better per- 
manent way than is now provided. As regarded 
Glasgow he suggested that the results spoken of by 
Mr. Hughes were due to “the certain amount of 
rain power” of that city, which prevented much 
trouble from dust. 

Mr. Markham next recommended the use of 
steel Barlow rails for tramways, and Mr. Holt, the 
locomotive superintendent for Mr. Harding, then 
spoke at some length of the experience — with 
locomotives on the Paris tramways, on which twenty 








engines were now running daily. A tramway was 
simply a railway worked under difficult conditions, 
and Mr. Holt agreed with M. Mallet that a tram- 
way locomotive should be as simple as possible, 
while he also recommended that all parts should be 
in sight of the driver, he having had constant 
failures from defects not being seen in time. The 
tram rails now used were not stiff enough for the 
engines they had to carry, and on the lines he 
worked there were in many places } in. difference 
of level in abutting ends of the rails, and joints 4 in. 
open. In Paris the cost of working far exceeded 5d. 
per mile, this being principally due to the excessive 
wear caused by dust. It had often happened that 
after three weeks’ run, at a mileage of 875 miles 
per week, ‘they had had to renew all the brasses 
about an engine. In Paris the police regulations 
were very strict, but a slight escape of steam was 
not now objected to. An important saving was 
effected by not attempting to condense, but his 
fuel consumption was still much higher than stated 
by M. Mallet, it wiper xe Se ae 12 lb. per mile, 
although on a trial trip about half this might be 
made todo, He would recommend the employment 
of six-wheeled engines as giving a better distribu- 
tion of weight on a bad road, but of these wheels 
only four should be coupled. In Paris condensa- 
tion has not been found necessary, and the dis- 
sown J with it; was advantageous, With a 
eavy condenser on the top of an engine, such as 
was used in some cases, there was a great liability 
to damage in the event of collision with a cart, &c. 
{n England he believed that the discharge of a 
little steam or smoke would not ultimately be ob- 
jected to. On the whole, he decidedly recommended 
the detached engines as more convenient to deal 
with in the event of derailment and as affording 
greater facilities for the working of extra cars on 
féte 3 # 

Mr. Hind, who spoke next, considered that the 
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wear and tear complained of was, at all events 
partly, due to the quality of the materials used, 
while he also differed from Mr. Holt as regarded 
the employment of independent engines. The en- 
gines, he considered, should be combined with the 
cars, and such a combined engine and car, with fuel 
and water for a ten-mile run, could, he considered, 
be made to weigh 4 tons, and be built at a moderate 
cost. 

M. Mallet then replied briefly to the discussion, 
and stated that it was the geographical classification 
a in the paper which had led to the omission 
of Mr. Hughes’s name. At the conclusion of M. 
Mallet’s remarks, the President spoke in commen- 
dation of his paper, and a vote of thanks was then 
passed for it, 

Tue GREINDL AND OTHER Rotary Pumrs, 

The next paper read was one “On the Greindl 
and other Rotary Pumps,” by M. L, Poillon, of 
Paris. This paper we shall pubiish in a future 
number, and as the pump of which it treats is not 
one which can be clearly described without the aid 
of diagrams, we shall not attempt to give any 
abstract of M. Poillon’s communication here, The 

aper was followed by a brief discussion, Mr. 
Ellington stating that the Greindl pump had per- 
formed well at the Hull dock works, where it had to 
deal with water containing 2 percent.of sand. The 
sand caused wear of the pump drum; but the pump 
still worked satisfactorily, Mr. Hawkesley, Jun., 
pointed out that in some trials of the Greind] pump 
at Brest, described in M. Poillon’s paper, the useful 
effect when working against a lift of of 196.8 ft. was 
only 48 per cent. with the pump running at 150 
revolutions; while at 120 revolutions, and working 
against the same lift, the efficiency was only 37 per 
cent. The lift referred to was a common one in 
water works, and with good pumping engines work- 
ing under such conditions, an efficiency of rather 
over 86 per cent, had been obtained, With regard 
to this, Mr. Ellington observed that he could not 
recommend the neycwye 4 for lifts of over 60 ft. 
At the Hull docks the efficiency obtained was about 
50 percent. M. Poillon also agreed that the per- 
centage of useful effect diminished with high lifts, 
and particularly at slow speeds, for the reasons ex- 
plained in the paper. A vote of thanks having been 

assed to M. Poillon for his paper, the meeting ad- 
journed until the next morning. 


Tue Ivry Gas Works. 

In the afternoon the President and a number of 
the members were received by the Minister of Agri- 
culture and Commerce at the Exhibition, while 
another party visited the Ivry Gas Works, by invi- 
tation of the director, These works belong to the 
Compagnie Parisienne d’Eclairage et de Chauffage 
par le Gaz, and they are built on a part of Paris 
which is undermined by the catacombs, a fact which 
has necessitated the execution of some heavy and 
special work in putting in the foundations. A 
leading feature in the works is that the gas retorts 
are all heated by gas on the Siemens regenerative 
system, the regenerators being situated under the 
benches of retorts, and there being some special 
arrangements of reversing valves for controlling the 
air and gas currents, There are at the works six 
ranges of retorts, containing in all 96 benches, 
while the retorts are set eight in a bench, there being 
thus 768 retorts in all, but the whole of these are 
not in work at present. The retorts have all single 
mouthpieces, and they are all of fireclay, and are 
made by the company. The coal used is a mixture 
of French, Relgium, and English, the mixture cost- 
ing about 20s. per ton on the works. Each retort 
carbouises on an average 800 kilogrammes or 
1760 ib. per twenty-four hours, the total maximum 
consumption per day being thus about 603 tons. 
The products from this consumption are 6,600,000 
cubic feet of gas, about 33 tons of tar, and about 
2190 cubic feet of ammoniacal liquor. At the 
present time the production is abopt two-thirds of 
these amounts, or somewhat less ia summer. 

The condensers consist of pipes 6} in. in diameter, 
exposing altogether 38,740 square feet of surface to 
the air, the cooling being effected by the air surface 
only, The exhausters are really small blowing 
engines, and they are three innumber. They consist 
each of a framing carrying an overhead shaft pro- 
vided at one end with a crank coupled to the 
piston of a steam cylinder, and at the other 
with a crank coupled to the piston of the blow- 
ing cylinder, a flywheel being fixed at the 
middle of the shaft. The blowing cylinders are 
51.2 in, in diameter, and the stroke is 23.6 in., while 





the average speed is 20 revolutions per minute. 
There is also in the exhauster house a fourth engine 
working an air pump, which serves the other three. 

Steam is supplied by three boilers rated at 25 
horse power each, these boilers each consisting of 
four barrels placed in pairs, one pair above the other, 
and suitably connected by tubes. The fuel used 
consists of briquettes made of coke dust, the fire 
being below the front ends of the lower barrels and 
a grate formed of Schmidt’s revolving hollow bars 
being employed. These bars are of cast iron, and 
are about 7 in. in diameter. They are perforated 
throughout their length, and their outer ends, which 
project through the front of the boiler setting are 

e hexagonal internally. The fire is cleared of 
clinkers, &c., by placing a suitable key in the 
hexagonal hole at the end of each bar, and turning 
the bar partially round. ‘The arrangement appears 
to answer very well. The boilers are fed by a 
couple of very neat little donkey pumps made by 
MM. Belleville and Co,, and the whole of the feed 
pipes being of copper and being kept bright gives 
the boiler-house a very good appearance. We may 
mention here that the steam pipes are coated with 
cork laid on in longitudinal strips and bound round 
with wire, a form of coating which seems to answer 
its purpose exceedingly well. Another little matter 
of detail is that the engine and boiler-houses, &c., 
are placed in communication with each other by 
telephones. 

A feature in the plant at the Ivry Works is the 
use of Pelouse and Andouin’s condensers, of which 
two are now at work, while a third is we believe to 
be erected. In this apparatus, of which we give 
views on the preceding page, the crude gas enters a 
chamber beneath a cylindrical vessel containing water 
and passes up a central tube as shown by the arrows 
in the vertical section. Over the top of the central 
tube just mentioned, is a kind of double bell formed 
of two concentric cylindrical shells a short distance 
apart. ‘The inner shell is perforated with ranges of 
small holes as shown in the detail view, and the 
gas flowing out through these holes strikes against 
the outer shell and deposits on it the tar which it 
carries in suspension. The outer shell is also per- 
forated but with large holes as shown, and through 
these the gas escapes in the direction indicated by 
the arrows in the vertical section. The tar de- 
posited on the inner surface of the outer bell flows 
down into the bottom of the chamber and escapes 
through an overflow which is constantly open. 
These condensers at Ivry each pass 1,770,000 cubic 
feet of gas per day, and judging from the tests of 
the condition of the gas made in the presence of the 
visitors last Wednesday week their performance is 
very satisfactory. They, of course, work con- 
tinuously, and we are informed that there has not 
been found to be any occasion to stop them for 
cleaning. 

The purifiers at Ivry are arranged in two buildings, 
each containing twenty-four purifiers, with a total 
surface of 23,300 square feet, while there are also 
four revivifying sheds, with a total area of 43,000 
square feet. ‘lhe meter house contains six meters 
capable of dealing collectively with 8,800,000 cubic 
feet of gas in twenty-four hours. The storage con- 
sists of seven gasholders each 140 ft. in diameter, 
with a rise of 46ft., the contents of each being 
about 706,400 cubic feet. A peculiar feature in 
these gasholders is the great depth of the tanks. 
Owing to the existence of the catacombs beneath 
the site of the works, it was preferable to sink the 
gasholder tanks very deep, rather than to attempt 
to form them above the catacomb excavations, and 
hence they have been constructed with the guides 
for the gasholders within them, the holders even 
when full rising but a few feet above the ground 
level, while when empty their tops are far below 
the surface of the ground. The gas, instead of being 
led into and withdrawn from the holders by pipes 
led under the edges of the bells, communicates by a 
system of jointed pipes with the top of each 
holder. 

The gas is led from the works through five mains, 
each 19.7 in. in diameter, the flow being controlled 
by two governors, The company get a high price 
for their gas, the charge to the general public being 
30 centimes per cubic metre, equal to about 6s. 10d. 

er 1000 cubic feet. The municipal authorities of 

aris, however, are supplied at half this rate. The 
price obtained for gas coke is also very high, this 
price varying from | franc 75 centimes per hectolitre 
in the case of large coke, to 2 francs per hectolitre in 
the case of small coke, these charges corresponding 
to about 35s. and 40s. per ton respectively. The 





great bulk of the coke is broken and screened so 
that it is sorted into pieces of certain uniform sizes, 
which are denoted by numbers, the smaller pieces 
fetching the highest price. The coke dust is made 
into briquettes. The arrangements for sorting and 
delivering the coke at Ivry are very well worked 
out. 

Besides the gas coke, the company also make a 
very fine hard coke specially from English north- 
country coal. The coal used for this purpose is all 
broken and carefully screened so as to obtain pieces 
of uniform size, and it is then burnt in coke ovens 
for 72 hours. The resulting coke is very hard and 
clean, and part of it is soldin large pieces as drawn 
from the ovens. The greater bulk of it, however, 
is broken by hand, and separated by screening into 
pieces of various sizes dependent upon the purposes 
to which it is to be applied. For this special coke 
very high prices are obtained. The arrangements 
for crushing and screening the coal, raising it into 
small wagons and delivering it on to the top of the 
coke ovens for charging, are all very convenient. 

Before the visitors left the works last Wednesday 
week, they were received at luncheon by the 
directors, and in one of the new retort houses, where 
the luncheon was served, there was exhibited a most 
interesting collection of products manufactured 
from coal tar, while samples of stuffs dyed by 
aniline dyes were also exhibited. On the evening 
of the day of which we have been speaking, the 
members held their annual dinner, this taking place 
at the Grand Hotel, and General Morin, M. ‘Tresca, 
and a number of the leading French engineers being 
amongst the guests. 


Tue ActTION oF RalLway Brakes. 

On Thursday morning, the 13th inst., the meeting 
was resumed at the Conservatoire, and the first 
paper read was one by Captain Douglas Galton, 
U.B., F.R.S., “On the Effect of Brakes upon Rail- 
way Trains.” We published this paper ix exéenso 
last week (vide page 469 ante), and we now, there- 
fore, need only deal with the discussion. After a 
few words from General Morin, and from M. 
Banderali, of the Northern Railway, each excusing 
themselves from discussing the facts advanced by 
Captain Galton, Mr. Westinghouse spoke at some 
length. In the first place he referred to the great 
increase of friction towards the end of each stop, 
which was indicated by the diagrams, and he pointed 
out that the experiments proved that a great pressure 
on the blocks was required at first, but that subse- 
quently it was advantageous to reduce this pressure 
so as to prevent skidding. The diagrams, he re- 
marked, showed no signs of partial skidding except 
in the case of diagram No, 4. It was intended, he 
said, to extend the experiments described by Cap- 
tain Galton, and to test the effect of brake blocks of 
different materials. A pressure on the blocks of 
as much as three or three-and-a-half times the 
weight resting on the rails did not skid the wheels at 
high speeds. Mr. Westinghouse then described some 
minor modifications which he was about to carry out 
in the apparatus with which the experiments dealt 
with in the paper were made, and he concluded by 
saying that the experiments were carried out in the 
best interest of railway people, and that by their aid 
it would be possible to arrange a brake to satisfy 
any desired conditions. 

Mr, Haswell, of the North-Eastern Railway, said 
thathe was surprised at the resultsof the experiments 
described by Captain Galton, the deductions from 
them with regard to skidding being the reverse of 
those to be drawn from the Newark trials. On 
this Mr, Tomlinson, of the Metropolitan Railway, 
remarked that it was well known amongst engine 
drivers and guards that skidding was not advisable ; 
and that as long ago as 1846, Mr. J. V. Gooch, then 
on the South-Western Railway, had issued a rule to 
the men that wheels were not to be skidded, or if 
they were skidded by accident they were to be re- 
leased again. Mr. Charles Brown, of Winterthur, 
also expressed the opinion that when wheels were 
skidded their retarding power was reduced, and 
stated the particulars of a case in which a train with 
all wheels skidded had run away down an incline of 
lin 20 to 1 in 25 with very serious results, Next, 
Mr. Yeomans remarked that the experiments 
described in the paper were interesting, but only 
confirmed what was already well known, while he 
added that he could not recommend any brake 
which caused the destruction of the wheels of roll- 
ing stock by its sudden application, A speaker, 
whose name we did not catch, observed that this 
destruction was due to skidding; and he alluded to 














June 21, 1878.] 


ENGINEERING. 


491 





the shifting of load on the axles of the experimental 
van due to the sudden stoppage. The existence of 
this shifting of load was admitted by Mr. Darwin, 
who had assisted Captain Galton in some of his 
experiments. 

After a few remarks from Mr. Paget and Mr. 
Hawkesley, Jun., Professor Kennedy observed that 
he considered the sudden diminution of resistance 
which the diagrams show to occur when skidding 
takes place, might be satisfactorily accounted for by 
the polishing of the surface of the tyres at the bear- 
ing points which necessarily ensues when the wheels 
are skidded. ‘The great increase of friction at low 
speeds, he pointed out, quite corroborated on a large 
scale the result obtained. by Professor Fleeming 
Jenkin in the course of a series of experiments which 
he had recently carried out on the effects of friction 
at different speeds. The President observed that he 
was glad to hear from Professor Kennedy that the 
somewhat unexpected results of the experiments 
described in the paper were corroborated by other 
investigations, aa he then called upon Captain 
Galton to reply to the discussion. In doing this 
Captain Galton observed that he could not admit 
that the experiments he had described were not re- 
quired, as appeared to be urged by some of the 
members who had spoken. It might be—as had 
been stated by Mr. Tomlinson—that many railway 
men had well known for the last twenty-two years 
that skidding was not desirable, but the knowledge 
did not appear to be universal, and certainly rail- 
way companies had done nothing to turn it to 
account practically, With present appliances there 
was a difficulty in applying a brake so as not toskid 
the wheels at some stage of the stop, the variations of 
speed and different conditions of the rails materially 
modifying the pressures necessary to produce skid- 
ding. No doubt skidding caused objectionable wear 
of tyres, but on the other hand in considering its 
destructive effect there had to be taken into account 
also the effect of the uniform heating of tyres of 
wooden wheels which took place when such wheels 
were not skidded. Altogether there were a great 
many points on which information was still wanting, 
and he trusted to have the assistance of railway 
companies in making further experiments. In con- 
clusion, the President, in a vote of thanks 
to Captain Galton, spoke of the paper as one which, 
although short, contained the results of a great ex- 
penditure of time and trouble, and he expressed the 
hope that further results would be laid before the 
Institution. 


Correy’s VARIABLE EXPANSION GEAR. 

The next paper read was one by Mr. Thomas 
Powell, of Rouen, ‘*On Compound Engines fitted 
with Correy’s Variable Expansion Gear.” This 
paper (which we publish on page 504 of the present 
number) besides describing a very efficient arrange- 
ment of expansion gear, contained some interesting 
particulars of engine trials, respecting which we 
propose to have something to say on a future oc- 
casion, At present we may confine ourselves to 
giving an account of the discussion by which the 
paper was followed, After a few remarks from the 
President and Mr. Elwell, Mr. Hawkesley, Jun., 
observed that an arrangement of expansion gear 
somewhat resembling the Correy gear had been at 
work for the past three years on an engine at the 
Derby Water Works. ‘This gear had been designed 
by Mr, Lambert and it imposed very little work on 
the governor, At first, however, some limiting of 
the governor had taken place, but this had been 
cured by the application of a cataract. Mr, Hawkesley 
also observed that the arrangement of steam pas- 
sages adopted by Mr. Powell appeared to involve 
indescribably large clearance spaces. 

Mr. Markham, who spoke next, considered the 
Correy gear complicated, and objected to the use of 
expansion in the high-pressure cylinder of a com- 
pound engine, This cylinder he considered should 
be made small and steam should be admitted to it 
for the whole stroke. It apparently did not occur 
to Mr. Markham that if this was done the small 
cylinder might as well be omitted altogether, as it 
would practically become part of the steam pipe, 
and would have no effect upon the working of the 
engine, save that the steam would undergo a certain 
amount of throttling getting into and out of it, and 
this would correspond to some useless work done. 
The next speaker was Mr. James Platt, who ex- 
pressed a very favourable opinion of the gear, and 
who in reply to an inquiry obtained from Mr. 
Powell the explanation that the surfaces of the de- 
taching cams were very slightly serrated to prevent 
any tendency of the contact pieces to slip. 


Mr. Powell, in replying on the discussion, observed 
that an engine ms on the proportions recom- 
mended by Mr. Markham would not be a compound 
engine at all, and he added that such engines had 
been made and tried with results more remarkable 
than satisfactory. As regarded what had been said 
about complication, he observed that if a really 
sudden cut-off was desired some complication be- 
came unavoidable, but the Correy gear was really by 
no means so complicated as it perhaps appeared on 
paper, and the work to be done by the detaching 
cams was so light that the gear possessed great 
durability. If a sheet of paper were interposed be- 
tween the cams and the knife-edges which came in 
contact with them, in nine cases out of ten the paper 
would not be cut. He differed from Mr. Hawkesley 
as to the effect of the arrangement of steam pas- 
sages he adopted and observed that it did not in- 
volve an undesirable amount of clearance. By 
po cushioning the detrimental effect of clearance 
could be much mitigated. In further reply to Mr. 
Markham’s remarks, he also stated that a proper 
degree of expansion in the small cylinder of a com- 
pound engine was also required to insure uniformity 
of motion, a matter which in some cases was as im- 
portant as economy. ‘The engine fitted with the 
Correy gear shown by him at the Paris Exhibition, 
and which he suggested the members might examine, 
was working, he remarked, under very disadvan- 
tageous conditions, as with steam at high pressure 
turned full on, it was only required to indicate 
about 10 horse power instead of the 90 horse power 
for which the engine was adapted. 

The President, in proposing a vote of thanks to 
Mr, Powell for his paper, observed that a great 
number of cut-off gears had been schemed, and 
this proved that such gears were wanted, The 
Corliss gear acted well, but was somewhat compli- 
cated, and any really good but more simple gear was 
therefore well worth consideration. 

Tue VAPArT DISINTEGRATOR. 

The next paper read was one ‘‘ On the Vapart 
Disintegrator,” by M. Prosper Closson, of Paris. 
This disintegrator was illustrated and described by 
us on page 448 of our twenty third volume, and we 
shall hereafter publish M. Closson’s paper containing 
further particulars of it. The paper was followed 
by a very brief discussion, during which M. Closson, 
in reply to an inquiry from Mr. Charles Cochrane, 
stated that the disintegrator took less power than 
edge runners to do the same work, while Mr. 
Ellington stated that; the machine had been care- 
fully tested at the Victoria Docks, where it was 
employed in breaking up the nodules of rock found 
in guano, These nodules were exceedingly hard, 
and a Carr disintegrator could not touch them. In 
the Vapart apparatus the serrated casting was at 
first cut away in three days; but chilled castings, 
which were substituted, lasted three weeks, the 
machine dealing with 30 cwt. of materials per hour, 

LiGuTine BY ELEcTRICITY, 

The next and last paper read was one by 
M. Hippolyte Fontaine, of Paris, ‘On Lighting 
by Means of Electricity,” and of this paper we shall 
commence the publication in our next number. 
The discussion on the paper was opened by Mr. 
Schoolbred, who commended the versatility of 
the Gramme machine. It first came before the 
public as a large and powerful machine, then as a 
very small machine, while now a third form had 
been introduced, especially adapted for use with the 
Jablochkoff candles, and it was thus possible to 
extend its field of use enormously, and to employ it 
in places where divisibility of the light was essen- 
tial. The combination of the new Gramme machine 
with the Jablochkoff candles he considered an ex- 
cellent one. He inquired, however, whether the 
Jablochkoff candles were not expensive, and 
whether the plaster plates now used did not some- 
times disintegrate and cause trouble by covering 
surrounding objects with a fine white dust. He 
was doubtful whether any substance yet known 
would satisfactorily resist the intense heat to which 
these plates were subjected. He also remarked 
that in the Jablochkoff lights employed in the 
Avenue d’Opera and elsewhere, there was a certain 
amount of unsteadiness or flickering which he be- 
lieved might be due to defects in the carbons, The 
Jablochkoff light was much steadier than many 
others, but it still left something to be desired in 
that respect. M. Fontaine had referred in ‘his 
paper to artificial carbons, but he had not said any- 
thing about the treatment of carbons chemically, 
which he (Mr. Schoolbred) believed had been bene- 








length of carbons, he had understood from Mr, 
Douglass, the engineer to the Trinity House, that 
positive or lower carbons 16 in. and 18 in. in length 
were now being used. As regarded the photo- 
metric measurements given fy Fontaine, and 
the increased effect obtained when these were taken 
from a point below the light, he mentioned that 
similar results had been observed in the South 
Foreland experiments,* when great benefit was 
obtained by placing the carbons somewhat out of 
line with each other. In conclusion, Mr, School- 
bred referred to the Lontin light, which he stated 
was being successfully used at the St. Lazare Station 
of the Western Railway at Paris. 

Mr, Thomas Powell, who spoke next, stated that 
at his works he employed two Gramme machines 
working in connexion with two Serrin regulators, 
and that the whole expense of the installation had 
been 200/. From his own experience he could say 
that flickering of the light was due to two causes, 
namely, imperfections of the carbons and irregu- 
larity in the speed of the engine driving the 
Gramme machine. The latter was an important 
matter, and in his own case, when experiments were 
made at night with the engine driving the magneto- 
electric machine alone, and not subjected to varia- 
tions of load, the light was perfectly steady. As 
regarded length of carbons, pencils 20 in. long had 
been made, and he believed that they would be 
made 3 ft. long, but such long pencils were not 
suitable for the Jablochkoff light, 

M. Fontaine not being present, there was no reply 
to the discussion, but a vote of thanks was awarded 
forthe paper, and other votes of thanks were then 
passed to General Morin and the authorities of the 
Conservatoire for the use of the lecture hall, to M. 
Tresca and the Société des Ingénieurs Civils for the 
facilities they had given for the use of their premises 
by the members, to the directors and engineers of 
the various establishments thrown open to the 
visitors, and to the local sa es Mr, Henry Chap- 
man, and his brother Mr, Frederick Chapman, for 
their labours in connexion with the meeting, the 
successful issue of which was so largely due to their 
exertions, Lastly the proceedings were brought to 
a conclusion by a vote of thanks to Mr, John Kobin- 
son, for the able manner in which he had discharged 
the duties of President during the meeting. 


Tue Paris MAIN DRAINAGE WORKS AND THE 
GOVERNMENT Tosacco Factory, &c, 

The afternoon of the 13th inst, was devoted to 
visits to the Paris Main Drainage Works and the 
Government Tobacco Factory on the Quai d’Orsay, 
Of the drainage works we gave a full account in our 
last number but one (vide page 455 anée), and all 
we need say now, therefore, is that the visitors 
entered the sewers at the Place du Chatelet, and were 
conducted through them to an exit adjoining the 
Madeleine, the trip being made partly in flat boats 
and partly in carriages running on rails laid on the 
benches or ledges at the sides of the sewers, Of the 
Government Tobacco Factory, also, we do not pro- 
pose to give any description here, as the whole 
manufacture of tobacco, as there carried on, will be 
described in detail in the course of the series of 
articles on ‘Tobacco at the Paris Exhibition,” 
which we commenced last week, On leaving the 
tobacco manufactory the members proceeded to 
inspect the main drainage syphon at the Pont de 
lAlma, and to witness the operation of cleaning it 
by passing a wooden ball through it. A full 
description of this work with illustrations will be 
found on page 313 of our ninth volume. 

In the evening the members were received at a 
conversazione at the Conservatoire des Arts et 
Métiers by invitation of the director and professors, 


M. MeEnter’s CHOCOLATE Works, 
Friday, the 14th inst., was devoted to a visit to 
M. Menier’s well-known chocolate works and 
industrial establishments at Noisiel, the members 
being conveyed by special train from the Kastern 
Railway station to Lagny, whence a pleasant trip 
down the River Marne on a steamer provided by 
M. Menier brought the visitors to Noisiel. At the 
works the members were received by M. Menier 
and Madame Menier, and they then proceeded to 
examine the weir built between 1869 and 1872 to 
insure a greater height ‘of fali for the use of the 
establishment. ‘This weir is a massive masonry 
structure carried out at an expense of over 20,0001, 
and it is fitted for a portion of its length with an 
ingenious arrangement of tipping sluices, which can 
be very readily worked, and of which we hope on 








ficially adopted in some instances. As regarded the 





* Vide pages 303, 383, 351, of our last volume. 
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MEUNIER’S BOILERS, AT THE PARIS EXHIBITION. 
(For Description see opposite Page) . 
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a future occasion to give engravings. “The weir| near them. Of the whole establishment we gave a | its cleanliness and order, and the systematic manner 
having been AD the visitors adjourned to | full account in our last number but one (vide page | in which all departments are conducted, render it a 
luncheon which had been provided by M. Menier, | 444 ante), and it will therefore be unnecessary that | thoroughly model factory, which it was a treat to 
and this over, proceeded to examine the works and | we should enter into details of it here; but we may | visit. The arrangements made by M. Menier for 
the model village which M. Menier is establishing | say that the admirable character of its arrangements, the accommodation and well-being of his workpeople 
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are also excellently carried out, and are as worthy 
of examination as the factory itself. 

The inspection of the establishment over, the 
visitors were entertained to dinner by M. Menier, 
who subsequently in proposing the toast of ‘‘ Science” 
said: ‘‘I ask to be permitted, finding myself 
so fortunate as t» be surrounded by so many 
illustrious representatives of advancement, to pro- 

ose a toast ‘To Science.’ We are accustomed to 
llentify the past centuries with the name of some 
great man who shone conspicuously in it, and to 
say, ‘that is the century of such or such a one.’ It 
will be said hereafter of the nineteenth century—it 
was the century of Science. For the first time in 
the history of man she has taken the foremost place, 
and despite the prejudices of our education and in- 
heritance, she has shown to all, her grandeur and pre- 
eminence. And we manufacturers, who are we? 
We are the popularisers of science. Her devoted 
followers confide to us her secrets, and by employ- 
ing them we open the storehouses of nature, and 
distribute their contents amongst the people, in- 
creasing thereby the power of each by augmenting 
his capacity for action. There are still to-day some 
nations with whom the object of existence is con- 
quest, who believe that they can be only rich and 
great by ruining their neighbours, and that the 
best means of acquiring wealth is to destroy the 
results of the labour of others. For a long time, 
however—thanks chiefly to England—it has been 
proved clearly that true power lies in the extension 
of labour, for the development of the resources of 
Nature, by Science, by Agriculture, by Industry, by 
Commerce, Therefore, I say without hesitation, 
those nations—which, already arrived at the same 
degree of prosperity—should, while studying their 
own proper interests, lean one upon the other, and 
80 maintain and strengthen security forall. For we 
must not forget, unhappily, that despite the pre- 
eminence of Science and Industry, this century has 
been none the less shaken and disfigured by convul- 
sions as great as those characteristic of a Barbaric 
age. May it be that international efforts may be so 
successful that these rude shocks will be unknown 
in the new century on which the next generation 
will enter, and that the motto of modern society 
may become a realisation ‘Tout pour la Science,’ 
Gentlemen, ‘let us rink to Science,’” 
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The health of M. Menier was then proposed by 
the President, Mr. John Robinson, who paid a well 
deserved tribute to that gentleman’s energy and 
commercial enterprise, while a speech from the Earl 
of Caithness and the proposal by Mr. Gaston 
Menier of the health of the Prince of Wales as 
President of the British Commission at the Paris 
Exhibition, brought the proceedings to a conclusion, 
and the members returned to Paris after spending a 
day which, thanks to the hearty hospitality of M. 
Menier, was in every way enjoyable. 


Vacuum Brake Trias. 


On Saturday the 15th inst, the members at the 
invitation of the,Northern Railway Company paid 
a visit to Creil in a special train provided for them, 
experiments being made ez route with an arrange- 
ment of Smith’s vacuum brake combined with an 
electrical apparatus designed by MM. Lartigue and 
Banderali, with which the train was fitted. Many 
of our readers will remember that some time ago 
(vide page 523 of our sixteenth volume) we illustrated 
and described an arrangement of alarm whistle for 
locomotives designed by M. Lartigue, and which we 
stated had been extensively adopted on the Northern 
Railway of France. In this apparatus an electric 
communication between the engine and a contact 
piece fixed between the rails near the signals is 
established by a metallic brush carried by the engine, 
the arrangement being such that if a signal is at 
danger a whistle on the engine is at once sounded 
when the engine passes over the contact piece. It 
has occurred to M. Banderali to extend this action, 
and instead of employing the Lartigue apparatus to 
sound a whistle only he has applied it to withdraw a 
catch and thereby release a weighted lever which as 
it falls opens a steam valve and admits steam to the 
ejector of the Smith vacuum brake, thereby ap- 

ying the latter. The apparatus can either be 
Sooashe into action by the contact piece connected 
with the signals as already mentioned, or it can be 
operated from any carriage by means of the electric 
communication (Prud’homme system) which extends 
throughout the train. The apparatus is shown at 
the Paris Exhibition, and we shall on a future occa- 
sion describe it fully in connexion with other elec- 
trical exhibits, and at present, therefore, we shall 
content ourselves with this brief indication of its 


character. On Saturday several trials of the appa- 
ratus were made during the trip from Paris to Creil, 
the train being stopped automatically on passing a 
signal at danger and being also stopped by the ap- 
plication of the brake from acarriage. The electrical 
apparatus acted most satisfactorily, but the sto 
made were slow, as might be expected from the 
brake used. 

At Orry-la-Ville a stop was made to inspect the 
working of the electric signals at that place, the 
arrangements being of much interest. e shall on 
a future occasion describe these arrangements fully, 
and meanwhile: we need only say that the manner 
in which electrical appliances for signalling, &c., 
have been brought into practical use on the Northern 
Railway, under the direction of M. Edouard 
Delebecque, the engineer-in-chief, is worthy of most 
careful study by railway authorities. 

At Creil the members were entertained at luncheon 
by the Northern Railway Company, and they then 
returned to Paris by special train, further experi- 
ments with the brake being carried out during the 
trip, and a stop of two hours being made at 
Chantilly to allow of an excursion into the forest, and 
a visit to the new chiteau at the invitation of the 
Duc d’Aumale. 

On Saturday evening the Paris meeting was 
brought to a conclusion by the Council and a few 
of the members of the Institution of Mechanical 
Engineers being entertained at a dinner given at the 
Continental Hotel by the Société des Ingénieurs 
Civils, The subsequent proceedings were marked 
by some excellent speeches from M. sca, General 

orin, Mr. John Robinson, M. Fremy, and Mr, P. 
Cunliffe Owen, and it was announced by M, Tresca 
that Mr. Robinson had been elected an honorary 
member of the Société des Ingénieurs Ciyils, an 
honour which has not, we believe, been previously 
awarded to the president of any scientific society. 
Altogether the meeting of the Institution of Me- 
chanical Engineers at Paris proved a most thoroughly 
successful one, and it is one which will he long 
remembered by those who took part in it. 








MEUNIER’S BOILERS AT THE PARIS 
; EXHIBITION, 

We illustrate on this and _ the opposite page a pair of 
semi-tubular boilers, constructed by Messrs. Meunier et 
Cie., of Fives-Lille, which are now at work at the Paris 
Exhibition, supplying steam to the large (Corliss) pump- 
ing engines of Messrs. Lecouteux et Garnier, and which are 
excellent examples of a class of steam generator very much 
used on the Continent. Each boiler, as will be seen, consists 
essentially of three horizontal cylinders, namely, two 
bouilleurs placed directly over the fire connected (each by 
two — with a larger cylinder, of which the lower 
half is filled with tubes. The products of combustion 
pass along the bouilleurs, completely surrounding them, 
to the back, then forward through the tubes, and lastly 
back again outside the lower part of the upper cylinder, 
the flues not extending above the water level. The 
vertical communications between the upper and lower 
parts of the boiler are welded tubes, rivetted to the two 
shells. All the mountings are fitted upon cast-iron 
seats, which are rivetted to the boiler, so that all the 
made joints are faced. For this purpose also the ends 
of the bouilleurs (which carry man-hole doors) are of 
cast iron. The first length of plates in the bouilleurs, 
which come immediately over the fire, are of steel, the 
rest of the boiler of wrought iron, double-rivetted joints 
being employed throughout. 


PRINCIPAL DIMENSIONS OF BOILERS. 














For Boilers having a 
Heating Surface of 
1076 sq. ft. | 2152 sq. ft. 
ft, in. ft. in. 
Diameter of bouilleurs 2 3.6 2 11.4 
Length - «| 16 10.4 18 8.0 
Diameter of upper cylinder...) 5 6.9 7 2.6 
h between tube plates ...) 14 7.2 16 9.0 
External diameter of tubes ...| 0 3.9 0 3.9 
Internal ,, 99 oof ; OF 86 0 3.6 
coed es ste | of 
o! . i 
Breadth .| 411.0 6 48 
Total tube surface ..| 715 sq. ft. | 1537 8q. ft. 
Total sas'eat -| 27.4 sq- ft. 42 sq. ft. 
: ‘ace 
ve 89.2 48.8 
nuts Grate surface 
Ratio crate sustnce 8.1 6.7 
nal area of tubes 











The tubes are arranged so as to be removable; a ring 
is welded on at each end, and turned to a slight taper, 





so that each tube can be driven out separately without 
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much difficulty for cleaning, and then replaced. At the 
front of the boiler the ends of the tubes are covered by a 
wrought-iron guard plate, held in place by studs on the 
boiler end having close-ended brass nuts. 

The two boilers at work, which we illustrate, contain 
each 100 square metres, or 1076 square feet of surface ; 
besides these, however, the same firm exhibits two other 
boilers of the same type in the French Machinery Annexe, 
one of the same size and one double as large. These 
being without setting can be examined as to their work- 
manship, which appears sound and good, and, in fact, 
very much above the average of that of the firms ex- 
hibiting. Messrs. Meunier inform us that in actual work 
these boilers will evaporate 8.5 lb. to 91b. of water per 
pound of fuel. The principal dimensions of the two sizes 
of boiler exhibited by Messrs. Meunier are given on the 
preceding page. 


SLOTTING MACHINE, 

We publish on page 488 a perspective view of another 
of the machine tools specially designed for locomotive 
work, which are exhibited by Messrs. Sharp, Stewart, and 
Co., of Manchester, at the Paris Exhibition, The machine 
we now illustrate is a slotting machine specially adapted for 
slotting the ports of locomotive and other small cylinders. 
It has a stroke which is variable up to 9 in., and it is 
fitted with compound slides having a longitudinal tra- 
verse of 1 ft. Gin., and a cross traverse of 2 ft. 3in., the 
feed motions being self-acting. There is also an addi- 
tional double compound slide with revolving table, which 
can be applied to this machine so as to adapt it for ordi- 
nary work. As will be seen from the view we publish, 
the machine is of substantial proportions, and it is 
altogether a very useful tool for establishments engaged 
in 1 manufacture or repair of locomotives or similar 
work, 








THE DOURO VIADUCT. 

Tue following is the memoir presented by Messrs. G. 
Eiffel and Oo., engineers and contractors, in support 
of their design for a viaduct over the Douro, near Oporto 
(see page 485, and our two-page engraving of this week). 


Part 1—Generav FEATURES OF THE DestGn. 

The viaduct devised by the Royal Portuguese Railway 
Company, to span the River Douro, near Oporto, has a 
total length of 352.875 m. between the face of the abut- 
ments. The rails are placed 62.40 m. above the datum 
line, which is 1.20 m. below the level of low water. 
This grand work of art has a wide central opening over 
the channel of the Douro, and the structure is continued 
to the upper part of the valley by two side viaducts. 

The depth of the river, and above all the thickness 
of the layer of sand forming its bed, and requiring to 
be pierced before foundations for piers could be made 
secure against the scouring of the bottom, rendered it 
advisable to effect the crossing by a single span, and 
to support it upon the masses of solid rock on either 
margin of the river, which is here about 160 m. wide, 
The great height available for construction, pointed 
to the selection of the arched form as most suitable 
for the purpose, and to place upon it a horizontal super- 
structure carrying the permanent way. 

This superstructure consists of longitudinal girders, 
supported at each shore end by iron columns of heights 
varying with the section of the ground. 

he large size of the arch called for special treatment 
in itsdesign. In the first place, the strains upon spandrel 
bracing, due to expansion, are difficult to calculate and 
provide against, and the component parts become 
seriously affected ; in this case an enormous quantity. of 
metal would have had to be used without the certainty of 
insuring safety. For every reason, therefore, it appeared 
desirable to avoid having spandrel filling, and to give the 
arch instead, sufficient stiffness to resist unaided the 
strains caused by expansion and uneven loading. This 
was accomplished by making it very deep, it being as 
much as 10 m. at the crown. 

Atthe springing line it was advisable that the re- 
sultant of forces should be brought to a single point, 
perfectly defined and independent of any change which 
might take place in the form of the arch ; in other words 
to place it upon hinges as is usual in cases of large spans. 
To do this it became necessary to reduce the depth from 
the crown to the springing line, by making the intrados 
and extrados to converge to a point on either. side. 
The shape selected as the best, was that in which the 
neutral axis of the arch should be nearly a true para- 
bolic curve, in other words to give the arch the form of a 
crescent, with the intrados and extrados joined by vertical 
beams and braced firmly together by diagonal ties. 

In order to provide for the due ~esistance of the whole 
structure gra side pressure from storms of wind, it 
was decided to splay out the arch ribs from the crown 
towards their springing bases to 15 m. apart, retaining the 
distance from each other at the top at about 4 m., or suffi- 
cient for the requirements of the single line of railway. By 
this means the required stability was secured. The ribs 
are held together by frames consisting of horizontal beams 
with vertical and diagonal bracing between them, and the 
intrados and extrados are further secured by cross ties. 

The solid rock on either side of the river, upon which 
abutments of moderate height are , offered all the 
desired stability and resistance to the thrust of the arch. 





So far the design of the structure has been determined 
upon in accordance with the special circumstances of the 
case, and the best means of placing the superstructure 
upon it remains to be considered. 

In order to expose the smallest surface to the action of 
the wind, whilst maintaining the greatest depth at the 
crown of the arch and bracing the various parts together, 
it appeared advisible, and it was accordingly decided, to 
pass the horizontal girders through the arch instead of 
placing them at the top, as has been intended in the first 
design, where they were made to rest upon the centre. 

At a point midway between the central portion of the 
arch and its abutments, the girders rest upon small iron 
supports or piers, borne by the haunch of the arch, and 
are extended towards either side to the end abutments 
of the viaduct. The girders are continuous, being sup- 
ported on the Lisbon side by the said haunch piers, by 
the abutment pier, and by two intermediate piers (to the 
end abutments) of lesser height; on the Oporto side 
by two similar piers to the first, and by another one 
beyond. The girders are 3.50 m. deep throughout, 
made of plate flanges joined by lattice bars spaced 
3.10 m. apart between their intersections, and carrying 
a single line of rails upon their upper surface. 

The girders are not held down but rest simply upon 
rollers placed upon the top rib, so as to allow the arch 
to move quite freely in a horizontal direction without 
carrying them with it; they are supported in a similar 
manner by the piers on the haunches. 

The distance immediately over the central portion of 
the arch, intervening between the ends of the girders, 
is filled in by smaller girders of special design fixed to it. 
The longitudinal girders are held down to the piers rising 
from the arch abutments, but are free to move by expansion 
over all the others. Finally, the supports are all hinged, 
the effect being that the thrust on their axis is transferred 
to the piers in a vertical direction. The piers are made 
entirely of wrought iron, which is a safer material to use 
than cast iron. 

To sum up what has been stated above, the ironwork 
of the structure consists of the following, viz. : 

1. A large span 160 m. wide, with a versed sine of 
42.60 m. measured to the neutral axis, carrying upon its 
haunches two iron piers which are placed 25.25 m. from 
the line of springing. 

2. A central beam or girder fixed over the middle 
portion of the arch fora length of 51.88 m. 

8. A continuous girder on the Lisbon side, 169.87 m. 
in length, with one end resting upon the arch, and sup- 
ported by a pier rising from the haunch, and by three 
other intermediate piers between that and the end abut- 
ment, the total distance being by this means divided 
into two spans over the.arch of 28.75 m. each, and three 
spans beyond of 37.375 m. each. 

4. Of a continuous girder on the Oporto side 132.50 m. 
in length, supported over the arch in a similar manner to 
the previous one, and further by two piers and one end 
abutment ; these divide the total length into four spans, 
two of which have openings of 28.75 m. each and the 
other two of 37.375 m. 

To complete our general description of the work, we 
may add that the permanent way is carried upon the 
longitudinal girders by cross beams, and we will now pro- 
ceed to describe in detail the various parts of the structure, 
giving at the same time the calculations according to 
which they were designed. We will take them in the 
following order : 

1. The great central arch. ‘ 

2. Iron piers supporting the longitudinal girders. 

8. The superstructure. 

(To be continued.) 


THE LATE MR. BULCKOW. 

On Tuesday morning last at 5 o’clock Mr. H. W. F. 
Bolckow, M.P., chairman of the great firm of Bolckow, 
Vaughan, and Co., of Middlesbrough, died at Ramsgate. 
We have not space here to do more than allude to one or two 
facts connected with the life of the father of the Cleveland 
iron trade. Mr. Bolckow was in his 71st year. He was 
a native of Mecklenburg-Schwerin. 
Newcastle-on-Tyne, and in partnership with Mr. Allhusen 
carried on business as corn merchants, Mr. Bolekow 
became acquainted with the late Mr. John Vaughan, who 
was at that time manager of the Walker Iron Works. 
Mr. Bolckow having realised about 30,000/, agreed with 
Mr. Vaughan that they should start iron works. They 
did so in 1889, selecting Middlesbroagh as the centre of 
their operations. In 1850 Mr. Marley, mining engineer, 
and Mr. Vaughan discovered a rich seam of ironstone on 
the Cleveland Hills. The firm at once entered into 
arrangements for working the mine, and in a few years 
afterwards 2500 tons of ironstone were raised at Eston by 
Messrs. Bolckow and Vaughan. Ultimately, with mines, 
blast furnaces, and iron works, the concern became too 
gigantic for two men, and the undertaking was converted 
into a limited liability company, with a capital of 
2,500,000/, Middlesbrough extended rapidly, and was 
incorporated. Mr. Bolckow was unanimously elected 
first mayor of the borough, and in 1868, when Middles- 
brough was enfranchised, he was returned the first M.P., 
since which time he has represented the borough. A 
very great deal has been done by Mr. Bolckow for the 
town of his adoption. In 1868 he presented the borough 
with a magnificent park, which was opened by Princo 





In 1827 he went to slight! 





Arthur, who was the guest of Mr. Bolckow at his 
beautiful residence, Marton Hall. The interment is fixed 
for Saturday, at Marton. Mr. Bolckow’s death is deeply 
lamented. It is expected that either Mr. Isaac Wilson or 
Mr. Edward Williams, both of whom are well known in 
the iron trade, will be the next M.P. 


NOTES FROM THE NORTH. 
, Guascow, Wednesday. 

Glasgow Pig-Iron Market.—The pig-iron warrant market 
opened dull last Thursday, and prices fell 2d. per ton, 
which was subsequently recovered, however, and prices 
closed much the same as on Wednesday. Business was 
done in the morning at 49s. 8d. cash, 49s. 9d. ten days, 
and 49s. 10d. one month, and the market closed with buyers 
at those prices, and sellers 1d. per ton more. Holders 
were firmer in the afternoon, and the only transactions 
reported were done at 49s. 9}d. cash, at which buyers 
closed, with sellers asking 49s. 10d. cash. There was a some- 
what stronger market on Friday, and an advance of 1}d. 
per ton was obtained. [ron changed hands during the 

orenoon at 49s. 10d. and 49s. 10}d. cash, and at the close 

there were sellers at the higher quotation. During the 
afternoon 49s. 11d. cash and 50s. 1d. one month were paid, 
and at the close sellers asked 50s. cash and 50s. 2d. one 
month, buyers offering 1d. per tonless. The closing prices 
paid were 2d. under those of the preceding Friday. At the 
opening of the market on Monday there was a strong tone, 
which steadily improved towards the close, when a gain of 
3d. per ton was obtained. The forenoon transactions 
were done at 50s. 03d. to 50s. 1d. cash, and 50s. 3d. one 
month, and at the close there were sellers asking 50s. 2d., 
and buyers offering 50s. 1d: cash, the month’s price 
being 2d. per ton more in each case. In the afternoon the 
prices paid were 50s. 2d. cash and 50s. 34d. to 50s. 4d. one 
month, the close being 50s. 2d. cash and 50s. 3}d. one 
month, rather sellers. Yesterday’s market was also strong 
at the opening, and prices improved ld. per ton, but there 
was a reaction in the afternoon and lid. was lost. Busi- 
ness was done during the forenoon at from 50s. 2d. to 
50s. 3d. cash, and 50s. 3d. to 50s. 44d. one month, the 
market closing rather sellers at the higher quotations. 
Transactions were quoted in the afternoon at 50s. 3d. to 
50s. 14d. cash, and at the close there were sellers asking 
50s. 2d. cash and 50s. 34d. one month, buyers offering 4d. 
lower. The market was steady at the opening this fore- 
noon, and business was done at 50s. 2d. to 50s. 24d. cash, 
and at 50s. 34d. one month, buyers at the close offering 
50s. 2d. cash, and sellers standing out for 1d. per ton more. 
The afternoon market opened firm, with business done at 
50s. 2d. cash, sellers asking 50s. 3d. at the close. Towards 
the end of last week the market toned up a little, and a 
greater desire to buy wasshown, while sellers rather displayed 
an inclination to hold out for better prices. Shipping iron 
has been somewhat slow of sale, and the dullish condition 
of the warrant market a few days ago had the effect of in- 
ducing buyers to hold off in the hope of lower quotations 
being announced, but the prices of special brands are still 
unaltered. Last week’s shipments of pig iron from all 
Scotch ports amounted to 10,310 tons as against 10,738 tons 
in the corresponding week of last . Tron was again 
freely sent into store last week, and the total stock with 
Messrs. Connaland Co. up till Friday night was 176,921 tons, 
thus showing an increase for the week of 914 tons: The 
number of blast furnaces in operation is 90 (not 91, as 
stated by mistake last week), as compared with 109 at the 
same time last year. 

Aberdeen Harbour—The Effect of the Winter’s Storms 
on the Entrance Channel.—The harbour engineer, in his 
monthly report, submitted to the Aberdeen Harbour Com- 
missioners fast week, stated that the chart of the bottom 
of the entrance channel and harbour, made under his 
direction at this season, has now been completed. It shows 
that there has been a considerable deposit of sand and silt 
during the winter. The deepest deposit of sand is on the 
bar, at some points of which it is from 2 ft. to 3 ft. deep. 
For a width of 200ft., however, there is on the bar a 
minimum depth of water 1 ft. deeper than the sill of the 
dock, and this depth can be relied on by a vessel keeping 
in the channel all the way from the sea to the dock. The 
silt and sand deposited in the channel during the winter 
amounts to about 66,000 tons, and in the tidal harbour to 
about 37,000 tons. The silting in the channel is less than 
usual, owing probably to there having been no severe 
easterly gales, while the silting in the tidal harbour has 
ightly increased. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippDLEsBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a fair 
average attendance on ’Change at Middlesbrough, and the 
tone of the market was better. The quotations were again 
based on No. 3 rome at 39s. per ton. Political news is 
satisfactory, and people are more hopeful that the Congress 
will result in an arran: + for permanent peace. The 
stocks are lower at dlesbrough. Messrs. Connal and 
Co. have now in their warrant i eland 63,500 
tons, and storing for the present has ceased. They have 
in their — yards 177,152 tons of Seoth pig iron. 
is anticipated that Cleveland ironmakers’ stocks this month 
will show a decrease. 

The Finished Iron Trade.—Iron manufacturers still 
complain of the J og! state of affairs in their department 














of industry. tannia Iron Works Middlesbrongh, 
are being gradually put in operation. It is hoped that 
there soon be a improvement. 

The Godfrey Howson Furnace.—Good rae wer ¢ te 
Godfrey Howson gas puddling furnace are , 
The furnace Ins joot Poca etigpted ot the Torre-Noire Tron 
and Steel Works in France. 
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THE CORROSION OF BOILERS. 

IN our last article on the corrosion of boilers 
(age 431 ante) we spoke of the confluent pitting 
that is so often found on the shell plates at the 
range of the water level in marine and other boilers 
underneath a coating of incrustation, and mentioned 
the difficulty there is in ascribing it to the presence 
of air in the water. As this corrosion is usually 
found in boilers fed either with brackish ‘‘ canker,” 
or mine water, the conclusion appears to be inevit- 
able that it is in some measure due, either directly 
or indirectly, to thé presence of the chlorides and 
sulphates in the water. 

here has always been a difficulty in accounting 
for the action of the corrosive agents at this parti- 
cular part, when the corrosion is more severe at the 
water level than in other parts of the boiler, 
and is covered with incrustation. It is probable 
that the solution of this difficulty may be found in 
the fact that the corrosive agents are held in sus- 
pension at the water level; and in contact with the 
plates by the scum that collects on the surface of 
the water from the time that ebullition commences. 

The air bubbles that make their way to the sur- 
face even near the middle of the boiler, will become 
entangled, so to speak, in the scum, which always 
gravitates towards and clings to the side and end 
plates and stays. What is true of the air bubbles 
is also probably true of the corrosive acids in the 
feed water. The scum acts as a medium for bringing 
in contact with the plates and stays at the water 
level all the air and carbonic acid expelled from the 
water, as well as the other corrosive ingredients, 
The plates at the water level are therefore subjected 
to a more concentrated action than any of the other 
plates in the boiler, and consequently suffer more, 
when the nature of the scum is such as to favour 
this action. ‘ 

If it be admitted that the scum is the indirect 
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cause of the corrosion at the water level, it follows 
that the nce of any substance in the water that 
favours the formation of this kind of scum tends to 
increase the corrosive action of the ingredients in 
feed water, 

The scum that is usually found on the surface of 
water in boilers is similar to the curd that forms in 
hard water when soap is used, and consists mainly 
of salts of lime and magnesia and fatty or oily acids. 
Where oil or tallow is present in considerable 
quantity in a boiler, the scum is of a soft greasy 
nature. When not introduced intentionally, the 
grease usually find its way into the boiler from 
the hot well or from the feed-water, when the water 
is heated by direct contact with the exhaust, This 
scum, which may be regarded as an insoluble soap 
forms in time a porous yet tenacious scale on the 
plates at the water level, beneath which they are 
often corroded in an irregular manner. Whether 
this corrosion is due to the air and carbonic acid, 
or to hydrochloric and sulphuric acid remains to 
be decided. 

Carbonate of soda (common washing soda) 
has long been recommended by authorities on 


neutralise the acids that are mpnens. to be in the 
feed-water when the plates suffer from corrosion. 
In some cases the use of soda has been attended 
with beneficial results, in others it has had no 

erceptible effect, and in some cases it is said to 
on done harm rather than good. 

When the water contains sulphate of lime the 
first effect of the soda is to convert part of this 
sulphate into carbonate of lime, and therefore to 
increase the quantity of scum when there is grease 
in the boiler, and consequently indirectly to assist 
the action of the corrosive agents in the water. 
Unless the quantity of soda is more than sufficient 
to decompose the lime and other salts, it can have 
no effect in neutralising any acidity there may be in 
the water. 

The increased quantity of carbonate of lime, 
however, by combining with any fatty acids there 
may be present will tend to arrest any corrosive 
action upon the iron these acids may have. It is 
doubtful, however, whether any of this corrosion at 
the water level can be ascribed to the action of 
fatty acids, since corrosion is found where there is 
more than a sufficient quantity of lime salts in the 
water to form a lime soap with the grease. The 
third report of the Admiralty Boiler Committee 
confirms the opinion we have already 
about the improbability of the general corrosion in 
marine boilers being due to the action of fatty 
acids. The report says “ that either fatty acid, or 
copper, or galvanic action (in its restricted sense) 
have severally caused corrosion in any case, can- 
not be asserted.” 

The use of soda is recommended not only for 
preventing the formation of incrustation and for 
removing it when it is formed, but also for prevent- 
ing corrosion. It appears to us that it is generally 
overlooked, by those who recommend it for the 
latter object, that its use in too restricted quantities 
may do more harm than good, as the amount used 
may be just sufficient to reduce the quantity of 
protective scale on the plates, and allow them to be 
acted upon by the acids, which the too limited 
quantity of soda is insufficient to neutralise. 

With ordinary spring water, containing consider- 
able quantities of lime salts, the presence of grease 
along with the air and carbonic acid contained in 
the water is not sufficient to cause corrosion at the 
water level. As we have already said it is found 
chiefly in boilers fed with water containing salts 
that aeuepene and give off hydrochloric and sul- 
phuric acids, 

When the corrosion at the water level takes the 
form of pitting in cavities more or less isolated, it is 
probably due to the boiler standing idle with water 
in it, i 
pitting, there is no difficulty in accounting for its 
ap’ ce. When the pitting in i cavities 
is found under a coating of incrustation, it has pro- 
bably been started before the scale]was formed, 
and the non-porous nature of the scale has not 
been sufficient to prevent its progress. A band of 
light plating might be applied with advantage at 
the water level to save the shell plates where the 
corrosion cannot be ayoided, It may be said of the 
corrosion found at the water-level range, that its 
extent and ap ce are very different in different 
kinds of boilers fed with the same water. Pais, 
indeed, may be said of most kinds of corrosion, 





we would suggest that the Admiralty Boiler Com- 


When there is no incrustation over this 





mittee should endeavour to find out and 
beyond question the ene ee )egouger’ 
erences in appearance, as, for instance, why one 
marine boiler is corroded most at the furnace plates 
near the fire-bar level, another in the shell at the 
water level, whilst a third is affected only in the 
steam Until the points of design and con- 
struction, and methods of treatment which determine 
these appearances have been determined, no remedies 
can be recommended the e of which is not 
a to question. Sometimes the corrosion near 
e water level takes the form of short vertical 
grooves or furrows, as though the drops of water 
trickling down from the crown plates had worn a 
way through the scale or prevented it from forming, 
and left the plate locally bare and unpro 
against the action of the air. This appearance is 
found not only upon the shell plates, but also upon 
the gusset stays, angle-irons, and flat end plates, 
and cannot be attributed to the pitting or working 
of the iron, to which it usually is attributed, when 
found on the sides of furnace-tubes that have 
been overheated in consequence of the water 
being too strongly impregnated with carbonate of 
e. 


to. be used with a view to|lim 


The corrosion that is frequently found in the 
steam space of marine boilers is seldom or never 
found in land boilers, unless these are fed with water 
containing chlorides, which are decom: by the 
heat. The chloride of esium, when concen- 
trated, is said to be decomposed at 212 deg., and 
when the boiler primes it is not difficult to account 
for its presence in the steam space. 

The pitting that is found in the bottom plates of 
superheaters and steam chests, or wherever the 
water can lodge, is probably due, in the first place, 
to the action of the oxygen of the air that is 
absorbed by the water here when the boiler is not 
at work, and is continued by the oxide that is formed 
similarly to that in the plates below the water level 
when very pure water is used. The remedy for 
this is obvious. The should be so designed as 
not to form rece es for retaining the water. 
This corrosion is found on the crown plates of 
the ‘bouilleurs” of elephant boilers, when their 
arrangement is such as to allow steam to accumulate 
and the feed water contains chlorides. 

The severe corrosion that is found on the plates 
of steam chests placed in the up-take, and the plates 
and tubes of superheaters is doubtless due to the 
oxidation set up on the steam being decomposed. 


ressed | The plates of superheaters of small dimensions, and 


on boilers which have a small amount of aa 

surface like many of those in the Navy, are foun 

to waste much more rapidly than those under 

different conditions. This is doubtless due to the 

— heat they are subject to, which favours the 
ecomposition of steam. 

Much of the corrosion that is found in the steam 
space is probably due to the ‘‘ sweating” that goes 
on when the boiler is laid off. The appearance of 
these drops and diffused moisture, which are strongly 
impregnated with air on the crown and side 
plates, is due to the condensation of the vapour 
rising from the warm water below. At any tem- 
perature above freezing point, the vaporisation and 
condensation of the water will go on, and corrode 
the plates as long as there is any water or moisture 
remaining in the boiler, and there is any oxygen to 
be taken up by the vapour that condenses. 

The corrosion whose presence is perhaps the most 
difficult to account for in marine boilers, is perhaps 
that which is found in the steam of marine 
boilers where the plates are on the other 
side. That the clothing of the plates externally 
does appear to produce corrosion internally there 
can be no doubt, Whether this is in consequence 
of the higher temperature at the clothed portion 
facilitating the decomposition of the chlorides whilst 
the boileris at work,or whether theclothing keeps the 
plates underneat/ it colder, and, therefore, renders 
the condensation more rapid and frequent than in 
the unclothed portions when the boiler is at rest, 
has not yet been decided. 

We have touched upon some of the kinds of cor- 
rosion most difficult to account for, as they occurred 
tous, for the p of showing some of the 
ae that require clearing up by the Admiralty 

oiler Committee and by the engineers of the 
egy companies. Admirable as the re- 
ports of last-named are, and serviceable as the 
experience they have collected has been in - 
moting the advancement of steam en ng, 
yet their are not so valuable in one respect 
as some of the reports by the engineers of the 
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boiler-i companies that have more recently 
been esta’ on the Continent, and notably those 
of M. Vingotte. Our engineers have for the most 
part contented themselves by tracing the causes of 
explosions to wear and tear and defects of con- 
struction and management, whilst their co-workers 
on the Continent are going a step further, and 
are tracing the defects arising from wear and tear 
to their causes, This is one of the results we 
should expect from the higher scientific training 
engineers on the Continent receive. 





THE LIQUEFACTION OF GASES. 


AN interesting lecture on the liquefacton of gases 
was given at the Royal Institution, last Friday 
evening, by Professor Dewar. The novel and 
sensational nature of the subject naturally attracted 
es attention, and the numbers that crowded the 

ecture theatre showed that the question had already 

awakened considerable interest. The subject was 
introduced by a brief historical sketch in which 
due prominence was given to the labours of Faraday. 
The name of Faraday is a favourite one at the 
Royal Institution, and science lecturers are fond of 
commenting, with a tinge of enthusiasm, on his 
great researches and achievements. And well they 
may, for to his ability as an investigator, and his 
attractiveness as a lecturer, the Institution owes 
much of its success as well as its reputation and 
lustre. 

Faraday was yet Davy’s assistant when he turned 
his attention to the liquefaction of gases. Whether 
he was uainted with the previous labours of 
Monge, Perkins, and Colladon or not, is but of little 
moment, In his very first experiment he departed 
from the beaten track and gave an earnest of the 
wonderful fertility of invention that characterised 
him throughout his brilliant scientific career. In 
one branch of a sealed bent tube he enclosed the 
chemical materials necessary to produce the gas, 
According as this was evolved, it passed off into the 
second branch, where, by its accumulation, it caused 
a pressure which gradually increased until ultimately 
the gas gave way and appeared in the liquid state. 
The first gas condensed by this method was chlorine. 
The traditions of the Royal Institution relate how 
the youthful chemist was one day visited by Dr. 
Paris, the friend and biographer of Sir Humphrey 
Davy. On observing an oily substance at the 
bottom of the tube, he rallied the young experi- 
menter on the carelessness he showed in neglecting 
to thoroughly clean his apparatus, The next day 
Dr. Paris received the following note from Faraday : 
‘Dear sir, The oily substance turns out to be liquid 
chlorine. Yours truly, Michael Faraday.” No date 
was appended to this note, but documentary evi- 
dence shows it to have been written on March 6, 1823. 
Other gases, such as carbonic acid, sulphurous acid, 
nitrous oxide, and cyanogen were treated in the 
same way, and yielded similar results, Following 
up this successful investigation, he surrounded his 
tubes with a powerful cooling substance (liquid sul- 
phurous acid) which, by carrying off heat from the 
gas, eventually brought its temperature down to its 
point of solidification. In this manner he obtained 
solid nitrous oxide, ammonia, and sulphide of 
hydrogen. 

Faraday clearly saw the possibility of reducing 
oxygen, nitrogen, and hydrogen, and he seems to 
have attacked the problem with considerable vigour. 
He cooled the gases to —100 deg. C., and com- 
pressed them with 60 atmospheres, still they gave 
no sign which he could interpret as an index of 
approaching liquefaction. To him they were in 
1845 what they ever remained, viz, ‘“‘ permanent 


Professor Dewar showed a number of tubes made 


and used by Faraday in these researches, Through 
respect for the great investigator, they have been 
kept in the same state in which they were left. To 
each is attached a slip of on which are re- 


corded the name of the gas, the pressure, and tem- 
ure to which it had been subjected, and the 

te of the experiment. To many, these tubes were 
objects of much inte: and a more suitable time 
for exhibiting them scarcely have been chosen 
than that afforded by a lecture on the-liquefaction 


of 

The ¢ test pressure used by Faraday did not 
exceed 75 atmospheres and the greatest cold did 
not fall below —110 deg. C. Accustomed as we are 
to deal with high tem, and the facility with 
which they can be o ed, we are apt to under- 


rate the difficulty of going down the scale and pro- 
ducing low temperatures. Professor Dewar called 
attention to this difficulty, and illustrated it by a 
few well-chosen experiments. By allowing liquid 
carbonic acid to escape from a strong iron vessel 
into a small cylindrical box formed of two receivers 
fitted together and provided with handles, a part of 
it rushes violently through the hollow handles of the 
box, returning to the gaseous state, whilst by far 
the greater part cools down and solidifies into a 
white, snowy substance, which is solid carbonic 
acid. By arp Age wires forming a thermo. 
electric couple (in this case iron and copper) into 
this artificial snow and pouring in a few drops of 
ether so as to secure better contact, the spot of light 
from a reflecting galvanometer settled down, after 
a few oscillations, at a point on the scale correspond- 
ing to —80 deg. C. ere it remained perfectly 
steady, thus indicating that the boiling point of 
carbonic acid had been reached. To make this 
still more evident a beam from the electric lamp 
was sent through the glass vessel containing the 
pasty frigorific mixture and at once the disengage- 
ment of vapour and other well-known phenomena 
of ebullition were seen distinctly projected on the 
screen, It may be mentioned here that while alcohol 
boils at 80 deg. C., solid carbonic acid boils at an 
equal oe ae on the other side of zero, viz., 
—80.deg. C, 

In order to obtain a still lower temperature 
the carbonic acid, wetted with ether, was placed 
under the receiver of an air pump. After a few 
strokes of the piston, the air was rarefied, and the 
evolving gas rapidly carried off, thereby accelerating 
evaporation. ‘The spot of light gradually descended 
to a point on the scale indicating —115 deg., but 
obstinately refused to pass beyond, A temperature 
of —140 deg. C. has, however, been obtained from 
the evaporation of carbonic acid by surrounding it 
with a bath of liquid sulphurous acid and driving the 
vacuum pumps by steam power at the rate of 100 
strokes per minute. Ifa tube containing a gas to 
be condensed, say oxygen, be surrounded by this 
solid carbonic acid, and if its interior be suddenly 
placed in communication with the atmosphere, the 
temperature of the remaining gas will undergo a 
further reduction of about 200 deg. C. It was by 
utilising the great refrigerative power of this sudden 
expansion that MM. Cailletet and Pictet succeeded 
at last in breaking down the most refractory bodies, 
and reducing the ‘“ permanent gases,” though only 
for a few seconds, to the liquid and solid states. 

It was plain that Professor Dewar had made up 
his mind to submit carbonic acid to every sort of 
torture, in order to compel it to illustrate the more 
recent discoveries of molecular physics. Filling 
two very long, narrow tabes with air and carbonic 
acid gas respectively, they were simultaneously 
subjected to gradually increasing pressures, Ac- 
cording as the mercury was forced up the tubes, 
the volumes of the gaseous bodiesdiminished. But 
it was noticeable that they did not diminish equally. 
The carbonic acid was more yielding, and, accord- 
ing as the pressure rose, the difference became more 
apparent. The inaccuracy of Boyle’s law was thus 
demonstrated. 

Filling a small cylindrical wooden vessel with 
the carbonic acid snow, Professor Dewar placed it 
between the plates of a hydraulic press, hen the 
pressure had risen to about 15 tons to the square inch, 
the vessel was withdrawn and the carbonic acid snow 
was found to be moulded into a cylinder of ice. 
Several pieces were broken off to show the clear line 
of fracture, and it is worthy of observation that these 
could be handled without inconvenience, although 
the temperature was so far below that at which 
frozen mercury blisters the skin. 

The reason why the solid carbonic acid may be thus 
handled with impunity is because it surrounds itself, 
by evaporation, with a layer of the gas, which being 
a non-conducting substance, does not allow the ice- 
cold body to withdraw heat from the hand. But if 
the snow-flakes be closely pressed, actual contact 
ensues, and the heat of the hand is carried off so 
rapidly as to raise blisters, and cause a sensation 
akin to that of an intense burn. 

In the course of anotherexperiment, a small volume 
of carbonic acic gas at 30 deg. C. was enclosed in the 
capillary tube of Cailletet’s apparatus* and submitted 
to pressure, It yielded without difficulty, the magni- 
fied image of the liquid drops being clearly visible on 
the screen. A slight but important ification was 
now introduced into the experiment. The tempe- 
rature of the gas was raised above 30 deg. C., and 


pressure again applied. At 50 atmospheres there 
were no signs of liquefaction ; the manometer, which 
carried a long pointer so as to be visible from every 
part of the theatre, indicated 70 and even 100 atmo- 
spheres but no striz, and no drops ap It 
was in this clear way that Professor Dewar de- 
monstrated the physical law discovered and 
formulated by Dr. Andrews, that at and below a 
certain temperature every gaseous body will yield 
to pressure, but that no amount of pressure 
will liquefy the gas if maintained above that 
‘* critical” temperature. 

Acetylene, which was the first gas liquefied by M. 
Cailletet, was now substituted for carbonic acid. 
This body liquefied under 30 atmospheres, the 
liquefaction being accompanied by a certain misti- 
ness. This white cloud or mist, which is noticed in 
the case of all | aay when the pressure is suddenly 
withdrawn, is due to a precipitation of the body on 
the inner walls of the tube, and is considered as in- 
dicating an actual but momentary solidification of 
the gas. 

The recent condensation of the ermanent 
gases” by MM. Cailletet and Pictet was briefly re- 
ferred to, Professor Dewar reminding his hearers 
that the phrase ‘‘ streams of oxygen and hydrogen” 
was but a misleading one for the tiny rills that appear 
within the capillary tube only to disappear at the 
end of about two seconds. He hopes, however, that 
ee researches will render it possible to fix 
these highly mobile and evanescent liquids, and 
label them for use in the laboratory. The lateness 
of the hour precluded any detailed reference to the 
diagrams of the apparatus with which the recent 
liquefactions have oon effected, as well as to the 
latest results that have been obtained. Doubtless 
there were many who were desirous of knowing the 
actual state of the question, as well as its future 
prospects, and who must have resented the rigour 
of the custom which requires the lecturer to make 
his discourse accurately fit within the limits of an 
hour. As we are bound to assume that professors 
are eminently men of method, it sometimes happens 
that, carried away by their desire of explaining and 
elucidating every differential element, they have 
exceeded the limits of their time before they have 
summed up in a definite integral form some of 
the more important bearings of their subject. __ 

The experiments on liquefaction were made with 
one of Cailletet’s apparatus, which had, as Professor 
Dewar announced, been quite recently presented to 
the Royal Institution by Dr. Warren De la Rue. 
The announcement was received in a manner that 
showed how warmly the noble gift was appreciated 
by the members and friends of the Institution. 








EDISON’S CARBON TELEPHONE. 
Tue great interest which the discoveries and ex- 
riments of Professor Hughes have excited in a 
ranch of physics which he has made his own, and 

which were first described in this journal,* induce us 
to bring before our readers some of the experiments 
in a similar direction made by Mr. Thomas Alva 
Edison, the eminent scientific adviser to the 
Western Unidn Telegraph Company, who, we need 
hardly remind our readers, is a co-inventor of the 
quadruplex system of telegraphy and is the inventor 
of the now well-known electric-pen and of the 
famous talking phonograph. 

Mr. Edison’s carbon telephone, which has been 
referred to in former articles in this journal, is, in 
outward ap nee, very similar to the magnet 
telephone of Professor Graham Bell. Its internal 
construction, as well as the principle upon which 
its action depends, are, however, altogether different. 
Fig. 1 (see next page) represents a longitudinal 
section through the instrument, in which there is a 
diaphragm or membrane of thin ferrotype iron, 
which vibrates under the influence of sonorous vibra- 
tions exactly in the same way as does the diaphragm 
of Professor Bell’s instrument. Below the dia- 
phragm is a cake of compressed carbon held between 
two plates of platinum, and attached to a sliding 

iece ing down the stem of the instrument, 

y which it can be made to approach or recede 
from the diaphragm by turning a screw at the 
lower end of the stem. The motion of the dia- 
i) is communicated to the upper platinum 

late through the intervention of a small piece of 
india-rubber tubing fastened to the underside of 
the ferrotype disc, and its action is to cause the 
pressure upon the cake of carbon to vary in 








* See ENGINEERING, page 324 ante. 





* See ENGINEERING, page 369 ante. 
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accordance with the vibrations of the disc, pro- 
ducing thereby a corresponding variation in the 
electrical resistance of the carbon cake, which 
is placed in circuit with a battery and receiver 
through the terminals seen to the lett of the figure, 
and which are connected respectively with the two 
plates of platinum. 





Fie. 1. 


The essential principle of Mr. Edison’s trans- 
mitter consists in causing a diaphragm, vibrating 
under the influence of sonorous vibrations, to vary 
the pressure upon and therefore the resistance of, 
a piece of carbon which is placed in the circuit of a 
voltaic current, to which it imparts, by the variations 
of its resistance, an undulatory nature which is 
capable of reproducing in a telephone at a distant 
station sonorous vibrations corresponding to those 
at the transmitting end of the line. 

Mr. Edison’s instrument is acoustically similar to 
Professor Bell’s telephone, and bears a resemblance 
electrically to a special form of the microphone of 

‘Professor Hughes, but it is just the similarity to 
the one which constitutes its difference from the 
other. It resembles the Bell telephone in taking up 
sonorous vibrations by means of a diaphragm placed 
in front of a mouthpiece, and it. differs from it in 
the method by which it converts the vibrations of 
the diaphragm into waves of electrical force. It 
resembles Professor Hughes’s microphone in the 
employment of a battery current in the circuit of 
which is interposed a resistance which is variable, 
but it differs from the microphone in the means by 
which that variation of resistance is brought about 
by the sonorous vibrations imparted to the instru- 
ment. It may be said to occupy a place between the 
two, and it would be difficult to say which it most 
resembles, or from which it differs most widely. 

It has for many years been well known to elec- 
tricians that the resistance of all conducting 
bodies, and we may assume of all substances, varies 
under variations of pressure, and this fact has been 
noted in the construction of relays and certain other 
telegraphic instruments where good contacts are 
required, it being the aim of the manufacturer in 
such cases to insure as small a resistance as possible 
at the contact points by the employment, wherever 
practicable, of strong springs for increasing the 
pressure between them. Monee 

Some imperfect conductors exhibit this property 
in a more marked degree than others, and the fact 
that the resistance of powdered carbon varies in a 
remarkable degree under variations of pressure, was 
taken advantage of by M. Clerac, of the Administra- 
tion des Télégraphes in Paris, as far back as the year 
1866, who constructed at that time resistance tubes 
containing powdered carbon, the resistance of which 
could be regulated by increasing or diminishing the 
pressure upon the contents of the tubes by means 
of an adjusting screw. This property of carbon 
has also been made use of by Mr. Edison in his 
carbon telephone, and in the year 1873 he con- 
structed tubes similar to those of M. Clerac as 
rheostats for artifical cables, but we understand 
that Mr. Edison discovered the property indepen- 
dently of M. Clerac, and without a knowledge of 
what had previously been done by that electrician. 

In experimenting with the telephone which has 
been described, Mr. Edison substituted spiral springs 
for the section of india-rubber tube Coats the 
diaphragm, which on account of the variable nature 


of its material, could not be relied upon for keeping 
the instrument in adjustment ; and, in order to get 
rid of an unpleasant metallic ringing tone emitted 
by the spring, shorter and stronger springs were 
tried, and Mr. Edison was led by the greatly im- 
proved result to do away with the spring altogether, 
to insert a solid substance between the carbon and 
the diaphragm, and to make the diaphragm so thick 
that its vibration under the influence of the loudest 
tones became inappreciable. With an instrument 
so constructed, Mr. Edison states that he obtained 
perfect articulation, and that whispered conversa- 
tion was clearly transmitted to a distant station. 
There can be no doubt that at this point Mr. 
Edison was sailing round and very near to the 
discovery of Professor Hughes, and it furnishes one 
more of the many instances in the history of scien- 
tific research of an experimenter being on the verge 
of making a great discovery, but missing it by 
branching off in another direction, or by failing 
to see in the phenomena under observation their 
true explanation. Thus the independent discovery 
made by Mr. Edison was that carbon in various 
forms, and more especially in the form of compressed 
lampblack or soot, is variable in electrical resistance 
under variations of mechanical pressure, The dis- 
covery of Professor Hughes is, that all conducting 
substances _ be employed with — success, 
provided that their surfaces are not oxidisable under 
the influence of an electric current, or if oxidisable 
that their oxides are dispersed as rapidly as they 
are formed. The experiments of Professor Hughes 
demonstrate very clearly that sonorous vibrations 
throw into molecular activity or tremor all substances 
within their range of influence, and that if words 
or notes be sounded in the neighbourhood of a board, 
it will take up the vibrations constituting the sound, 
and if on its surface—no matter in what part— 
there be two or more electrically conducting sur- 
faces in contact with one another, the tremor or 
molecular agitation of the resonant board is com- 
municated to the conducting material, and an 
undulatory character will be imparted to an other- 
wise unvarying current passing through it, corres- 
ponding in its variations to those of the sonorous 
vibrations by which the original tremor was 
produced. It will thus be seen that Mr. Edison’s 
discovery is but a special case of the larger and 
more comprehensive discovery of Professor Hughes ; 
and just as the theoretical discoveries of the two 
inventors differ, so do the construction of their 
respective instruments, and the reasons given for 
those differences differ also. Mr, Edison uses carbon 
because he finds that it makes a poor electrical 
contact under feeble pressure, which contact 
increases as that pressure is increased, while Pro- 
fessor Hughes employs carbon in certain forms of 
his microphone on account of its property of making 
the best electrical contact with very slight pressures 
indeed, For the same reasons Me. Edison finds it 
necessary to insert a diaphragm in all forms of his 
apparatus, that being the mechanical contrivance 
employed by which sonorous vibrations are converted 
into variations of mechanical pressure, and by which 
variations in the conductivity of the carbon or other 
material is insured. It is true he has made his dia- 
phragms in some cases as much as ¥, in. in thickness, 
80 as to reduce to a minimum their amplitude of vibra- 
tion, but the experiments of Professor Bell, as well as 
the researches of Lord Rayleigh, have shown that 
metallic diaphragms are capable of vibrating under 
the influence of sound through amplitudes so 
minute as to be immeasurable and under sonorous 
vibrations so small as to be oe unsuspected 
before, On the other hand, Professor Hughes em- 
ploys no diaphragm at all, the sonorous vibrations 
in his apparatus acting directly upon the conducting 
material or through whatever solid substance to 
which they may be attached. 

In considering Mr. Edison’s most interesting in- 
strument it is important to point out the very 
essential differences which exist between it and the 
microphone of Professor Hughes, because the name 
carbon telephone might otherwise lead to the idea 
that on account of carbon being employed in some 
forms of the latter instrument there is greater 
similarity between them than really exists. 

For long circuits the arrangement adopted b 
Mr, Edison 1s shown in the diagram, Fig. 2, in whic 
A is an induction coil in which the secondary wire 
s is within and enclosed by the primary wire p ; the 
former has a resistance of from 150 to 200 ohms, 
according to the length of or resistance of the line. 
The receiving telephone R is very similar in prin- 





ciple to Professor Bell’s instrument, but differs from 
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the magnet which is bent twice at 
suit the construction; the other pole carries a coil 
of wire, the resistance of which is about 75 ohms., 
which is placed below and concentric with tle ° 
diaphragm asin Professor Bell’s instrument. PR 
is a polarised a which closes a circuit, in whichis , 
& local battery E and call bell B, when a signal 
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from the distant station is sent through the line. 
At S is a switch, the lever of which either (1) by 
being placed at o disconnects the transmitting 
yoony sage T and battery E from the induction coil A, 
(2) by being placed at » connects the battery E to 
the line through the induction coil, or (3) by being 
placed at m throws the transmitter T into circuit 
with the induction coil and line, By the first the 
apparatus is ready to receive a call signal from the 
distant station, by the second it is connected for 
transmitting a signal, and by the third the tele- 
phonic circuit between the two stations is closed and 
articulate communications may be sent. 

For lines of shorter circuits, that is to say, from 
1 to 30 miles, Mr. Ediso rca the arrangement 
shown in Fig. 3, which differs from that illustrated 
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in Fig. 2 only in the construction of the switch. By 
inserting a plug in the upper hole, by which the 
pieces 1, 2, and 4 are connected, the telephone 
circuit is completed, but when the plug is placed in 
the lower hole, thereby connecting 4 and 3, the 
——— is connected for receiving and transmittin 

call signals, the sounder or bell R, the battery E, an 

the transmitting key being thrown into theline circuit. 





R 





Fig. 4 


Mr. Edison has designed a very ingenious con- 
trivance for increasing the mine emitted by the 





vibration of the diaphragm of a telephone by which 
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it is capable of calling attention. This telephone 





call, which is represented in Fig. 4, consists of a 
simple stand I, in which the receiving telephone R 
is sup in a vertical position, having its mouth 
directed upwards, Upon the centre of its dia- 
phragm rests, when -~ instrum _ ~ Me .~ 8 for 
8 ing purposes, the end of a light free lever L 
pivoted to the central pillar of the stand, and the suc. 
cessive blows against this lever when the _enege 
is in vibration, and the consequent rebounding of 
the lever from the vibrating surface, produce a sound 
which may be heard at some little distance from 


Fie. 
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the instrument, and must neccessarily be much 
louder than the sound emitted by the telephone with- 
out the aid of the lever. The principle of its action 
is very similar to that of the well-known acoustical 
experiment of suspending around a glass bell a 
number of pellets, which by being thrown away by 
the vibrations of the bell render those vibrations 





apparent to the eye, and cause them to become 
louder to the ear. 

Fig. 5 is another arrangement experimented with 
by Mr. Edison for calling attention in telephonic 
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circuits. At each end of the line, and in circuit with 
it, is placed an electro-magnet, represented in the 
figure by M and M', and in front of the poles of each 
is fixed a magnetised steel tuning-fork A and R. 
When one of these forks is set into vibration by 
mechanical or electrical means, a vibratory electric 
current is induced in the coils of the magnet oppo- 
site the vibrating fork, which current, traversing the 
coils at the distance station, sets into sympathetic 
vibration the tuning-fork at the other end, whose 
period of vibration being precisely equal to that at 
the transmitting station, receives the successive at- 
tracting impulses exactly synchronously with its 
own period, and the consequence is that its ampli- 
tude of vibration increases until its further prong 
strikes against a bell, there being one at each station, 
represented by C and D, and gives acall signal. A 
somewhat similar arrangement is shown in Fig. 6, 

coe LINE. ct 
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in which the tuning-forks are replaced by mag- 
netised pendulums of equal length, opposite which 
are placed electro-magnets in circuit with the line. 
Upon causing one of the pendulums to swing in 
presence of its electro-magnet or magneto-inductor 
a vibratory current is transmitted through the line, 
and the pendulum at the distant station is set swing- 
ing by impulses synchronous with its own period of 
vibration, and a bell is struck when its amplitude 
has sufficiently increased. Both in this and in 
the previous arrangement provision is made for 
moving the bell out of the way at the transmitting 
station while a call signal is being sent. 

Fig. 7 represents an idea which has been sug- 
gested by Mr. Edison for constructing a telephone 
in which electrostatic currents are employed instead 
of voltaic or magneto-electric, In this curious 
arrangement an electrophorus is place at each end 
of the line represented in the figure by D and C. 
Over each eleticephonss is placed a metallic dia. 
phragm and mouthpiece B or A, which in’ its 
vibration approaches and recedes from the highly- 
charged electrophorus below, and in so doing is 
supposed to induce an electrical disturbance at the 
distant station, and to produce sounds and articulate 
speech, ‘This idea bears upon the face of it a paper 
stamp, and we venture to say that it never arrived 
at greater maturity than being sketched upon paper. 


De Luc’s dry piles, having their o ite poles 
joined by the line wire, Bach ile Pic aed “Ye 
contain some 20,000 discs, and the vibration of the 
diaphragm at either end is intended to cause an elec- 
trical disturbance in the discs in its immediate neigh- 
bourhood, transmittingan undulatory currentthrough 
the line, and reproducing, by a process which Mr. 
Edison does not explain, articulate speech at the 
distant station, Mr. Edison has also been con- 
ducting experiments with a view of constructing 
a thermo-electric telephone, In this arrangement 
a diaphragm of vulcanite is placed in front of a 
delicate thermo-pile placed in circuit with a receiv- 
ing instrument at the further end. Mr. Edison 
states that he has found that the temperature of such 
a diaphragm is, during its vibration, much lower 
in its forward motion than in its return, and upon 
this principle he hopes to construct a telephone to 
be worked by these variations of temperature pro- 
ducing corresponding variations in a thermo-electric 
current, and traversing a receiving instrument at 
the distant station. 
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Fig. 9 represents an interesting and very in- 
genious experimental telephone, which was con- 
structed by Mr. Edison in the course of his experi- 
ments prior to the production of his carbon 
instrument ; in this apparatus the vibrations of the 
diaphragm are caused to throw into or cut out of 
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variation of resistance is uced and an undula- 
tory current is transmitted to a receiving telephone 
at the other end of the line. 

We believe the first suggestion of the employ- 
ment of water for this purpose is due to Mr. Yeates, 
of Dublin, who b Hedng a drop of water between 
the contacts in a Reis’s transmitter was enabled to 
obtain an undulatory current, and thereby to trans- 
mit through a telegraph wire certain articulate 
sounds, 
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In all the telephonic instruments which have been 
described in this notice, the importance of using a 
diaphragm for causing sonorous vibrations to pro- 
duce variations of electrical resistance is paramount, 
and in every instrument described by Mr. Edison. 
the diaphragm is the ruling genie of the instrument. 
Professor Hughes, however, has through his great dis- 
covery been enabled to show that variations of resist- 
ance can be imparted to an electrical current not only 
without a diaphragm, but with very much better 
results where no such accessory is employed, for in 
the conversion of the physical forces the one into 
the other, there must always be some loss at each 
change ; and!those physical processes which involve 
the fewest conversions must of necessity be accom- 
panied with the least aggregate loss. The micro- 
phone of Professor Hughes may be looked upon as 
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circuit one or more of a series of resistance coils, 1, 
2, 3, 4, &c., arranged in a circle below the dia- 
phragm, the number of coils in the circuit, and 
therefore its total resistance varying with the am- 
plitude of vibration of the diaphragm. In this ar. 
rangement, as in the carbon telephone, an induction 
coil C is employed, the resistance coils of the 
transmitting instrument being in circuit with the 
seca J wire and battery, and the secondary coil 

eing connected to the line and to earth. Mr. 
Edison states that with this instrument articulate 
sentences were transmitted, but the result was 
harsh and disagreeable. This result we should have 
anticipated, as the variation of resistance in the cir- 
cuit must make a sudden change or jump as each coil 
is thrown into or cut out of the circuit, and all the 
delicate variations constituting articulate speech are 


an acoustical relay by which sonorous vibrations 
are enabled to throw into a telephonic circuit an 
undulatory current from a powerful constant source, 
and thereby produce a great augmentation of the 
minute sounds which actuate the sensitive relay, 
and the result is that otherwise inaudible sounds 
are magnified into loud tones. This is its great dif- 
ference in result from all other telephones—all others 
receive a strong voice at the transmitting end, 
giving it out at the receiving end in far feebler 
tones. This difference may be illustrated by looking 
through a telescope with the eye at one end or the 
other. In the microphone, sounds are enlarged as 
objects are by a telescope used in the usual way, 
while in all other telephones they are diminished 
as objects are when seen through a telescope with 
the eye against the object glass. 








lost when their corresponding variations of electrical 
current lie »etween that produced by throwing in 


‘and that produced by cutting out one of the re- 


sistance coil:—or, to express it by a graphical 
illustration, the variations of the voice would be | 
represented by a gradually rising or falling curve | 
or wave, while the electrical resistance of the circuit 
in the telephone figured in Fig. 9, and therefore the 
strength of current, could only be represented by a 
series of steps. 
The last to which we shall refer of Mr. Edison's 
experimental telephones is represented in Fig. 10. 
In this arrangement, to which Mr. Edison has given 
the name water telephone, the variation of resistance 
is obtained by attaching to the diaphragm of the 
transmitting telephone a wire bent in the shape of the 
letter U, the ends of which, as the ne es a 
y into 











Another equally visionary telephone is shown in 
Fig. 8, in; which A and B represent two of 





vibrates, being plunged more or less deep 


two cells of water which are connected thereby, a 








STEAM ENGINES AT THE PARIS 
EXHIBITION.—No. I. 

No one can complain that there is any deficiency, 
so far as quantity goes, in the show of steam engines 
at Paris, We have succeeded in counting altogether 
288, not including the main pumping engines and 
several others exhibited, chiefly for the sake of 
driving some special machines rather than as separate 
exhibits, such as the large engine in the Pictet ice- 
house or another in the Austrian bakery. Including 
all these the numter is very closely 300, if it does 
not exceed it. Of the 288 engines, 88 are exhibited 
along with their boilers, mostly as ‘‘semi-portables” 
of some form (in some cases, however, of a size quite 
precluding the notion of portability), and of these 
52 are vertical engines (including 28 French and 17 
English), and the remainder horizontal (28 of them 
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French). Of the 200 engines left, 106 are single- 
cylinder horizontal engines of various (of which 

rance shows 45, England 34, and Belgium 10) ; 
13 are double-cylinder horizontal engines (including 
six French), and 12 are compound horizontal en- 
gines (including seven French), There are 35 vertical 
engines (including 1] French and 14 English), three 
of them compound, mostly small and not at work, 
and five beam engines, allcompound, There remain 
29 engines of some form not included in the head- 
ings given, among these are several Brotherhood 
engines, Willans engines, at least one West engine, 
besides several forms of rotary engine, and one or 
two oscillating engines. 

These numbers must be taken as accion 
only, for in the immense space of the Champ de 
Mars it is easy to miss one or twomachines. They 
certainly represent very closely, however, if not 
exactly, the actual number of engines exhibited, 
among which are two or three still in process of 
erection, They do not include any of the marine 
engines; the Pavillon de Matériel de la Naviga- 
tion, &c., on the banks of the Seine, being stillin a 
very unready condition, in spite of the fact that the 
juries have now got fairly started with their work. 

Speaking generally we may say that France is 
exceedingly well represented with all classes of her 
work, from the best down to the commonest. Next 
to France, in the number of her exhibits at least, 
comes England. In one respect we have every 
reason to be satisfied with our engines—so far as 
workmanship is concerned we stand very high. But 
the exhibit, taken asa whole, says next to ae 
as to English stationary engine construction, an 
cannot be taken as representing English practice in 
that way, therefore. We have only one large 
engine, the horizontal compound exhibited by 
Messrs. Galloway. It isa very fine machine, and 
one which we have every reason to be satisfied with, 
but of course a single engine—particularly one with 
several peculiarities of design about it—cannot be 
taken as typical of our ordinary practice. We 
greatly regret that none of our other makers of 
large stationary engines have considered it worth 
while to exhibit their machines at Paris. We are 
represented to a very great extent by the agri- 
cultural firms, whose stationary engines are neces- 
sarily of a small size. Many of these undoubtedly 
show beautiful workmanship, and a few show also 
good designs, but all put together would hardly 
give power enough to drive a moderate,sized cotton 
mill, so that they only represent one class of{English 
engine work, and practically give no notion what- 
ever of the sort of machines which are actually used 
in our large factories. 

About some of these engines, also, there are two 
things to be said, The one is that certain of them 
are, as far as appearances go, old friends, regular 
show engines, the polish upon every inch of which 
reflects our note-book as it has been similarly re- 
flected a hundred times before! Now it is all very 
well to make these wonderful machines as “ speci- 
mens of workmanship,” and no doubt they look very 
picturesque symmetrically placed in front of a neat 
little office. But although probably the art of 
polishing bedplates has been stationary for some 
time, the art of designing engines has not, and 
really we should be sorry to have it thought that 
these little gems fairly represented the present state 
of engine design in our own country. The second 
point is that it is very injudicious for any firm, 
although certainly honest of it, to show too palpably 
—by the contrast between this centre piece of its 
show and the machines round it—the great dif- 
ference between the work it can do and the work it 
does do! We confess it appears to us that if a 
firm’s ordinary work is not fit to send to an 
Exhibition, it had better send nothing at all. It 
certainly is the case at Paris, as it has so 
often .been elsewhere, that with scarcely an ex- 
ception the best designed engines are exhibited in 
the form in which they are sold commercially, with 
perhaps alittle extra varnish or more careful paint- 
ing. ‘Exhibition finish,’ on the other hand 
(whether it be in the English form of useless polish- 
ing or the American form of electro-plating, or 
what not) is almost always accompanied by defec- 
tive design or something else unsatisfactory, and 
while it may serve to hide this from the public in 
general, of course it only makes it more conspicuous 
to the engineer. 

Next to England, Belgium and Switzerland are 
well represented, Indeed, in the Main Hall they beat 
us altogether, for each has a number of good-sized 
engines at work there, and quite a number of these 


engines . contain something noteworthy. The 
novelties may not always -be improvements, al- 
though many of them are, but they serve, at least, 
to show that the countries named have not been 
asleep since 1873. 

Other countries can hardly be said to be really 
represented at all. Austro-Hungary has only some 
half-dozen engines in the Exhibition, some of the 
larger firms being conspicuous by their absence. 
Russia, Sweden, Italy, Spain, and Holland, show 
three or four engines apiece, but there is little of 
importance among them. America has only a single 
engine (Mr, Wheelock’s) of any size, half a dozen 
others shown are all small, and some very poor, 
while the sit or seven vertical engines with their 
boilers are also unimportant. 

In endeavouring to give our readers some idea of 
the steam engines at Paris, we pro’ to adopt a 
plan somewhat different from that which we adopted 
when writing from the Vienna Exhibition, Instead 
of roughly classifying the engines according to their 
valve gears, and then treating the engines as a whole 
in each class, we shall treat separately the different 
constructive details, giving, for instance, separate 
articles or sections to such details as bedplates and 
frames, guides, bearings, governors and valve gear, 
piston and connecting rods, condensers and pumps, 
&c. In this way we shall be able to give a more 
useful picture of the general forms of construction 
to be seen at Paris than would otherwise be easily 
done, We shall in addition, of course, illustrate 
and describe in detail the principal engines. At 
present we shall speak merely of the horizontal 
engines, 

BEDPLATES AND FRAMING, 

Among the more important French engines nearly 
half have frames of what is known generally as the 
Corliss type, although used for so many engines 
besides the Corliss. The regular Corliss engine— 
which is exhibited by three out of the four French 
licensees (Gavrian et Fils, Corbran et Lemarchand, 
and Lecouteaux et Garnier)—of course has its 
usual straight frame (of horizontal I, or rather T, 
section), separate both from cylinder and from 

lummer block, and secured to the latter by four 
Polts, Other firms, however, notably the Fives- 
Lille and Quillacq Companies, use the much more 
shapely doz section for a somewhat similar frame, 
and cast the plummer block with the frame. The 
modified Corliss frame, with continuous flange on 
the ground (like that used in the Tangye engines), 
is hardly to be seen in the French Section, but 
there are several cases in which a kind of “ bath” 
bedplate is employed—the frame attached to the 
front end of the cylinder by a circular flange, and 
then carried forward under the guides instead of at 
one side of them, so that it appears symmetrical 
about the axis of the cylinder in plan. The front 
end of the frame then rests on the ground, and has 
the plummer block cast with it. Two engines sent 
by Buffaud Freres are capital examples of this type 
very neatly carried out. The Y form of bedplate 
(like that of the Swiss engine which we illustrated 
last week) is hardly to be found in any form among 
the French engines, and the spoon-shaped frame 
(like that of the ‘‘ Soho” engines) is scarcely repre- 
sented except among the very second-rate machines, 
A good many of the better class of engines (still 
speaking of the French machines) have old-fashioned 
‘‘bedplates” carried all along the cylinder, which 
rests upon them, and a few good firms still stick 
even to the objectionable practice of making their 
bedplate sides with ‘‘ ornamental” mouldings, as if 
they were bits of carpentry. It is quite possible 
that these firms may have the good reason for this 
that their country customers like it, but none the 
less does it look very bad beside the plainer and 
more modern-looking forms to be seen everywhere 
in the Machinery Hall. 

Two or three firms have adopted bedplates of 
special forms, which, though good-looking in them- 
selves, scarcely seem necessary under the circum- 
stances of the case. The Société Centrale de Con- 
struction de Machines (Weyher and Richemond) 
have adopted in most of their engines a form of 
bedplate which is placed very far down below the 
cylinder, so that the bearings have to be carried by 
comparatively high brackets, which in some cases 
also project sideways to a considerable extent, The 
bendeets are of box section and of simple form, and 
the castings seem very good, but the bulk of the 
metal is at a far greater distance below the cylinder 
than we should think advisable, The bedplate 
used by the Marquise Company for their ‘ Four- 
linnie” engine is a very high castiron framing, 











virtually a table frame, on eight legs, The Claparede 
engine, also, and a few potency es bedplates suited 
to exceptionally high cylinders, In almost all cases 
the plates aoa for vacuum pump engines 
which there are a good many examples) are of 
old-fashioned form, and of exceedingly 
section, and in general it is noticeable 
the same firm exhibits engines both alone and as a 
part of some industrial plant, the latter engines 
are of an altogether inferior design to the former. 
The largest omen among the English machines, 
that exhibited by Messrs, Galloway, which drives 
the whole machinery in the English Section of the 
Main Machinery Hall, and was made to work at 
300 indicated horse power, has its cylinders bolted 
down toa vr, heavy substantial bedplate, on which 
the plummer blocks and guides are cast. Most of 
the other English engines are so well-known, at least 
in their general form, that they need only be men- 
tioned. In the Main Hall Messrs. John Fowler and 
Co. have two hauling engines with well-made 
wrought-iron frames, apparently the only ones in the 
Exhibition. Tangye Brothers p Bon their well-known 
horizontal engines, and also several “Soho” engines. 
In the Agricultural Annexe are also engines of 
Messrs, Clayton and Shuttleworth, M » Sons, 
and Co., Ruston and Proctor, Robey, E. and F. 
Turner, and Woods, Cocksedge, and Co., and in 
another annexe, of Messrs, Ha: Tyler, Duvallon 
and Lloyd (the Atlas engine), and Ransomes, Sims, 
and Head, There are, besides, vertical engines by 
these and other firms. Some of these engines we 
have already illustrated, and some we shall shortly 
illustrate ; the general form of their framing, how- 
ever, is too well known to our readers to make 
ngage for us to enter into any account of it 

ere, biel 

Besides England, Belgium and Switzerland are 


the only two countries whose protests” @ con- 
struction can be said to be fairly ented at the 
Exhibition. Corliss bedplates are bya number 


of firms, by some in very neat forms, the plummer 
block being generally cast with the frame, ‘The two 
horizontal engines from the Société John Cockerill, 
of Seraing, have, however, frames of a different 
construction. The smaller one has a well-arran 
under bedplate, with | age blocks cast on facing 
away from the cylinder, the upper main bearin 
bolts (which are horizontal) g carried ack 
through to the cylinder, so as to form astay. The 
larger of the Cockerill eng is for a rolling mill, 
the mill itself being with the engine, The 
frames of this machine are straight castings, 
box section, carried f @« er to the bearings 
(level with the centre of’ the cylinder), and having 
each a foot cast on under the bea There are 
four of these frames, two to each cylinder, and the 
guides form separate castings carried underneath 
each 7. The arrangement is very neat and 
straightforward, and well carried out, At first 
sight, however, it certainly seems very light for a 
rolling mill (reversing) engine. Of the five Swiss 
horizontal engines in the Main Machinery Hall, 
every one of them good machines four have bed- 
plates of the Corlis form, but of box section and 
very neat design, two of these being compound 
engines with the one cylinder behind the 
other. The remaining engine is that of Mr. Charles 
Brown’s design, which we illustrated last week, and 
Monty it will be remembered, has a Y-shaped 
rame, 

No other country is sufficiently represented at the 
Exhibition to make it possible to treat the engines 
which it shows as representative of its general - 
tice. But on the whole it may be’ said that the 
majority of the better-class firms are using fram- 
ing more or less resembling the Corliss. They 
attach the framing to the’ it of the cylinder 
instead of under it, and endeavour at least to place 
the bulk of the metal, so far as possible, in the line of 
the greatest pullorthrust. The whole weightis taken 
by a foot cast on to the cylinder, and by a bracket 
under the ery 4 In some cases separate sole- 
plates are used w these feet, where they hardly 
seem to be required. In afew cases an additional 
ret og bracket is cast under the ends of the 
guides further from the cylinder, but this is not 
very common. There are several cases in which the 
cylinder has no foot, but is carried solely by its end 
fastening to the frame, which in this case is made 
with a continuous foot all along its whole length. 


Coat In Bextarum.—The civil municipal ital of 
govenen han set let a contract for 280 tons af oockat Lae 
per 
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FRENCH TELEPHONES AT THE PARIS 
EXHIBITION. 

Tue collection of telephones in the French tele- 
graph annexe at the ibition is an interesting 
one, The accom ing figure represents the 
“watch” form of Well telephone as exhibited by 
M. Breguet. The outer case, which is of ma- 
hogany, is about 3 in. in diameter, so that this form is 
very convenient for the pocket, and may also be hung 
up anywhere like a watch. Its novelty lies entirely 
in its form ; the principle, and the several parts of 
it, being the same as in the ordinary Bell telephone. 
The permanentbar magnet, instead of being straight, 
is curved round itself, after the manner of a volute, 
and the small coil of insulated copper wire is seated 
upon the central pole. The price of a pair in 
mahogany cases is 24 francs in France. The price 
of a pair of ‘‘ mirror” telephones, which are similar 
to the watch telephone, but fitted with a straight 
side handle, like a hand-mirror is 25 francs. The 
ordinary hand telephones in mahogany and box are 
80 francs, and those in ebonite, rose-wood, or 
nickel-plating, from 40 to 50 francs a pair. A 
powerful telephone for long lines, formed of a horse- 
shoe magnet, with a base board and a mouthpiece, 
costs 100 francs a-piece. These prices are indepen- 
dent of the ‘‘ calls” and other fittings. 





An improvement effected in the construction of 
these telephones by M. Alfred Niaudet deserves 
mention, As formerly made the Bell telephone was 
by no means constant in its action, and required 
adjustment. The distinctness of the articulation 
depends ina high degree on the position of the 
ee with respect to the pole of the magnet— 
in fact the diaphragm should be as close to the pole 
as possible, while leaving sufficient space for it to 
vibrate in without touching the latter. It was 
found, however, that differences of temperature 
affected the vocalisation of the telephone even more 
than they do the delicate throats of some of our 
most celebrated singers. The hot breath playing 
on the diaphragm in speaking sometimes sensibly 
impai e articulation ; and holding the telephone 
to the fire for a few moments has even rendered it 
dumb altogether. In certain cases heating, on the 
otherhand, improved the speaking. This inconstancy 
was to the ex ion and contraction of the 
diaphragm, which, being clamped all round by the 
wooden frame of the instrument, could only expand 
in the middle, so that it became more or less convex 
there, and, in consequence, receded from or 
approached the pole of the magnet. ‘To correct this 
variation, it was necessary to give the magnet a 
slight longitudinal play, so as to :nove it nearer to 
the diaphragm or further from it, as the case might 
be. M. Niaudet obviates this necessity by leaving 
the diaphragm free round its edge, not clamping it 
there between the two parts of the frame ; and in 
order to fix it in its place and prevent its moving 
about, he overlays it round its edge by a circular 
spring made of stout brass wire. This holds the 
disc down all round, but leaves it free to expand at the 
edges without buckling in the centre. A telephone 
of this kind, therefore, requires no adjustment, a 
point greatly in its favour with the public at large. 





M. Niaudet has also effected improvements in 
Edison’s singing call for telephones. This consists 
essentially in connecting up a small local battery 
with the telephone, so that on singing against the 
diaphragm the latter is made to rapidly interrupt 
the circuit of the battery, and a singing note is 
heard on the receiving telephone loud enough to 
call attention. The local battery is connected up 
for calling by pressing a button in the back of the 
telephone. Trhis carries a small platinum contact 
pin forward, within vibrating range of another 
contact attached to the diaphragm itself. When 
the call has been responded to, the press button is 
released, the contact pin springs back, the local 


circuit is withdrawn, and speaking can be carried actuall 


on in the telephone in the ordinary way. M. 
Niaudet gets a considerable improvement in the 
sound of the call by making the frame of brass in- 
stead of wood. A speaking tube covering the dia- 
phragm, with holes in it for the escape of the breath, 
is also an advantage. The merit of this alarm is 
that with the exception of the battery it is all com- 
prised within the ordinary telephone itself. The 
singing note given out by the receiver may be easily 
heard a distance of 20 yards, with a battery of from 
two to four cells. 





THE PULSOMETER. 

WE give on the opposite page an illustration of one of 
the many uses to which the pulsometer is set, that of taking 
the place of a pump in ining foundations, or other 
similar contractors’ work. ? 

The pulsometer is slung by means of a chain over the 
sump that it is desired to empty, and can be lowered whilst 
it is working without the pumping operations being dis- 
continued. Steam is conveyed through a short flexible hose 
attached by clips to the length of steam pipe which is 
suspended in the well. ’ 

It will be observed that all staging is avoided by this 
means, and in cases where two pumps would be necessary 
a very important saving in time and expense is effected by 
use of this simple apparatus. Another advan is the 
very large proportion of sand and gravel which the pulso- 
meter will raise in doing this class of work, amounting to as 
much as 25 percent. The ease and convenience of sus- 
pending the pump close to its work, of lowering it as the 
water recedes, or raising it in the event of a sudden rush 
such as would render useless an ordinary steam pump, are 
advantages that will readily be appr d. Pul ters 
are at present being employed with great success in one of 
the largest Government establishments in sinking large 
cast-iron cylinders, and by their use large quantities of 
sand and rough material have been excavated and brought 
to the surface. f 

Another application in which the pulsometer is being 
most usefully employed, is that of anatyieg flooded galleries 
of mines. ‘The pump is mounted on as truck or trolly, 
which can be readily extemporised in any mine, and which 
can of course be moved forwards as the water recedes, as 
there is almost an entire absence of vibration ; a couple of 
bolts through the suction flange are quite sufficient to kee 
the pulsometer steady. The suction pipe or hose is attach: 
to a bend coming from the foot-valve placed directly under- 
neath the pump, and the extremity can, if the ground is 
very rough, be kept off the bottom by means of a float, so 
as not to be caught when the pump is being removed. The 
most suitable rising main is a light wrought-iron flush 
joint pipe, with a flange on the lower end to connect with a 
short length of hose pipe, which communicates with the 
pump. ‘Thus when the pulsometer has pumped down to the 
end of its suction pipe, which may of course be many feet 
in length, all that is necessary to do is to disconnect the 
flanges —s join = hose with the pipe and = in as 
many more lengths of rising main as necessary. In one 
working where this mode of pumping is adopted, steam 
pipes were already in place belonging to the wned-out 
pumps; to these was connected the flexible steam hose as 
required. There is of course no need for exhaust pipes, as 
the steam in the pulsometer is condensed, and draw 
the water into the pump, a very vacuum being 
obtained by the use of the steam which has already done 
oe oy in raising the water from the pump to the highest 

evel. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Sewage of Chesterfield.—The Chesterfield Rural 
Sanitary Authority has invited tenders for the execution of 
outfall sewage work in the borough. The result was that 
twenty tenders were sent in. That of Messrs. Baker and 
Fairbank, of Dewsbury, for 84001. has been accepted. The 
work to be done is of a very extensive character. 


Pumping Operations at Newington Water Works. —The 
pulsometer pump which has lately obtained such a wide 
reputation has been most successfully brought into oper- 
ation at the water works, Newington, where a new well is 
now in course of construction. Four lift pumps 
were fixed and worked by portable engines, but these were 
found to be quite insufficient to remove the great quantity 
of water which collected in the well, thoroughly stoppi 
its construction. The pulsometer pump was then reso! 
to, the experiment proving so successful that the other 
pumps were removed, and with the addition of a second 
pulsometer, which conjointly discharge about 37,000 
gallons per hour, the water has been brought under con- 
trol and the work proceeded with. 


Improvements at Drifield.—The Driffield Local Board 











centered ae mew @ sum pun! a for works of 
and sewage disposal, Local Government 
Board has sanctioned the scheme. - 
Sheffield Streets.—The Sheffield corporation two years 
ago approved a scheme for the opening out and widening 
of streets in the town, the cost of which when com- 
— will amount to a quarter of a million of money. 
t year a Bill for the carrying out a ion of these 
improvements was defeated whilst ‘ore the Parlia- 
mentary examiner. Now however the idea is revived, 
and action is being taken for the obtaining of a fresh 
Bill next session. The corporation is also trying the 
experiment of laying wood pavement in the streets. 


EXPLOSIONS IN COAL-PITS. 

To THE EpIToR oF ENGINEERING. 
S1z,—Although in all human probability we shall never 
know to what cause the recent deplorable explosion 
at Haydock was due, it is all but certain that it must have 
resulted either from the wilful or the accidental explosion 
of the — in one of the miners’ lamps. No gunpowder or 
other artificial explosive substance was used in the pit, and 
I conclude that either one of the lamps broke, or that, 
notwithstanding the patent lock, one of them was exposed 
when the “damp” came upon the pitmen. Permit me to 
offer the suggestion that it is possible now to do without 
the safety or any other lamp at the ‘‘ ends’’ where, un- 
fortunately, fatal accidents most frequently occur. The 
Davy and the Geordie lamps were wonderful improvements 
on the old open flame; but modern science has developed 
means, if we only apply them, of superseding them. 
The s ion I would make is that Dr. Siemens’ lamps, 
worked by the , epee ee machines from above, should 
be placed near the eye of the pit. By means of a series of 
reflectors placed at the aoe angles it would be possible 
to send a light practi y equal to that of the sun, but 
certainly far before that of the ordinary lamps in use, into 
the furthest workings. It is not for me to develop the 
idea, since it could only be worked out by applying Dr. 
Siemens’ invention, but if by suggesting it I should at all 
contribute to the greater safety of life in our coal-pits I 
shall think myself amply repaid. 

am Fa very truly, 
. DENNINGTON KIsBEY. 
10, Great George-street, Dublin, June 10, 1878. 


MAnn’s REFRIGERATING CaR.—We had yesterday the 
opportunity afforded us of inspecting a new meat wagon 
which has been designed by Mr. — whose name is 
well known in connexion with those useful adjuncts of 
cars. The wagon has been con- 
structed by the Ashbury Carriage Company, and is running 
on the London and North-Western Railway, being the 
first of its kind. It is of the usual dimensions of ordinary 
meat vans, except that it is slightly higher in the roof. 
It is fitted with a couple of air-tight doors, one on either 
side, and is so constructed that the outside temperature 
cannot possibly influence or interfere with that in the in- 
terior of the wagon. By means of some very ingenious 
arrangements Mr. Mann is able to keep the temperature 
of the interior at any degree that may be required, whilst 
the air, which is supplied contiqucnsly, is purified, cooled, 
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night travelling—sleepin 


and—what is of far greater importance—dried. These 
conditions of purity, coolness, and ess, are moreover 
perfectly and easily maintained from the time the meat is 
placed in the van until it is withdrawn. - Different degrees 
of temperature are required for different kinds of food 
supplies, thus meat, fish, milk, fruit, and vegetables all 
uire—and here have—different temperatures. The 
subject, which has been well thought out by Mr. Mann, is 
an important one, especially with regard to the present 
uestion of our food supplies, which is being discussed by 
the Legislature. The difficulty of carrying meat safely has 
long been recognised, and Mr. Mann appears to have met 
this difficulty in a scientific and, so far as present ex- 
perience shows, a very satisfactory manner. e London 
and North-Western peed are to be congratulated upon 
_ public spirit in taking the question up in this practical 
orm. 





Tue Le Neve Foster TrestrmonraL Funp.—Some 
members of the Society of Arts, and others, who know the 
history and progress of the Society during the last quarter 
of a century, and feel how much of its success during that 
long term has been due to the judgment, zeal, and devotion 
of its chief executive officer, the secretary, Mr. Peter Le 
Neve Foster, have associated themselves together to present 
him, on the occasion of his completing twenty-five years’ 
service, with a substantial testimonial in money, as an ex- 
pression of their respect. Mr. Foster is so well known, 
not only to the members of the Society, but to the scientific 
and industrial classes, that it is un to enlarge on 

services. He became secretary to the Society of Arts 

in 1853 ; the number of members at that time was little 
over 1000, and the annual revenue scarcely exceeded 30001. ; 
whilst in the year 1877 the number of members was nearly 
4000, and the revenue over 11,0001. A reference to its 
Journal will show how many are the important public 
— with which the Society has successfully dealt 
uring this period, questions in the initiation and conduct 
of which Mr. Foster has taken a prominent part. Educa- 
tion, elementary and technical, the reform of the patent 
and copyright laws, international exhibitions, public health, 
Indian and Colonial topics—these are but a few of the sub- 
—_ on which Mr. Foster, t h his connexion with the 
iety, has done useful work. It is on grounds such as 
these that his friends confidently appeal to the members 
and to the public for their hearty co-operation. A com- 
mittee has been formed to receive subscriptions, which may 
be paid to the credit of the Le Neve Foster Testimonial 
Fund, at Messrs. Robarts, Lubbock, and Co., orat Messrs. 
Cocks, Biddulph, and Co., or to the ho secretaries 
and rs, at the offices of the Society of Arts, John- 
street, Adelphi. 
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DRAINING FOUNDATION 


BY THE PULSOMETER. 


(For Description, see opposite Page.) 
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STRENGTH OF BOILER FLUE TUBES, 
To THe EpiTror oF ENGINEERING. 
Srr,—In my last letter on this subject, I stated that the 
object of my first writing to you was to find some sounder 

e and theory to replace those given in my treatise on 
boilers. Many of your readers are no doubt aware that 
two years ago (see ENGINEERING, vols. xx. and xxi.) I 
attempted to assist you in exposing the untrustworthiness 
of Fairbairn’s celebrated rule for the strength of flue tubes 
which I had adopted in my book. t then must your 
readers think of Mr. Clark’s amusing assumption in his last 
letter that he hopes I will not repudiate my formula? This 
formula is simply Fairbairn’s, and is still used for want of 
something better by Mr. Fletcher, and wherever Cornish 
and Lancashire boilers are made, except, perhaps, where Mr. 
Clark’s ridiculous new formula may be preferred by those 
who are unwilling to go to the expense of applying encircling 
— Mr. Clark is quite welcome to slash away as much 
as he likes at my formula, as he calls it, which he evidently 
does not know is the same as that used by Mr. Fletcher. 
If he had only kept his temper he might have seen that he 
is fighting a shadow. 

Since Mr. Clark so studiously avoids answering the ques- 
tions in my last letter, we may take it for granted that he 
admits the dilemma he is in with regard to the worth of 
his formula and the data on which it is founded. Why has 
Mr. Clark not admitted this like a man, and that a lucky 
mistake in making his rule makes it give approximately 
correct results for the strength of 3-in tubes under 3 ft. in 
diameter, and enables him to compare these results with 
those given by Fairbairn’s rule for tubes of considerable 
length. Annexed are the collapsing pressures of the tubes 
upon which Mr. Clark relies, placed side by side with the 
a pressures given by his rule. 

When we look at these results in their simple form, and 
not disguised by Mr. Clark’s factors of safety, we find that 
in one case the ratio is nearly five times as great as in 
another. 

It is inconceivable how any one, even its own parent, can 
contend for the value of such a rule, or the manner in 
which it has been made. I must not forget here to thank 
Mr. Clark for supplying me with additional res in his 


last letter to show the absurdity of his method of rule 
making. 





| more. 








Thickness | Collapsing Pres-| Actual (or sup- 
of sure by Mr. posed) Collapsing | Ratio. 
Tubes. Clark’s Rule. Pressure. 
in. 
4 33 50 66 
3 45 50 90 
1s 4 60 -90 
65 60 1, 
t 59 60 1. 
2 95 60 1.59 
7 117 57 2. 
ta 127 57 2.23 
Pa 126 50 1,52 
3 120 40 3. 














I have not got anything but amusement and amazement 
out of this discussion, which Mr. Clark naturally wishes to 
bring toan end. He has, however, been more fortunate, 
for he has learnt : ; , 

1. That the breaking strength of a porte rar ws strip 
27ft. long and #in. thick cannot be calculated by the 
formula used for the breaking strength of beams. 

2. Thata wrought-iron cylinder does not give way till 
the material has enlongated considerably, a fact which Mr. 
Clark either overlooked or was not aware of when he made 
his second attempt. to calculate the pressure that would 
break his strip. ; 5 

3. That the collapsing pressure of jin. tubes withont 
encircling rings, but of tolerable shape, and under 3 ft. 
| in diameter, is according to his rule fully 100 per cent. 
| greater than the collapsing pressures he takes as his 

stan . 

| 4 That = ye which his rule is based amen gr | 
| worthy, as the collapsing pressures given are in, a 
the hans of the tubes at the time of collapse was not 


ascertained. , 

| 5, That if he had made his rule more carefully from the 
| data he has chosen, he would have made it to give 
| a collapsing pressure for jin. tubes of 3 ft. 6 in. in di 

| meter, something like 60 lb. instead of over 50 per cent. 





Zh exetainiy locks libo 00 If Mr. Clark had learnt a good 
deal in this ion, and he should know a great deal 
more now abont the did 


before. To say the least of i 
shown more gratitude for the lesson he has 


eg ay 
. Clark’s that the excess of strength 
Phi a: Sap sg ve os and not for 


an afterthought, and the dodge is too t. This 
attempt to aah out of one difficulty psy > him in 
another, Looking at the Table just given, what - 
ticular virtue have the first five tubes that they should be 
as strong or stronger when old than they should be new 
according to Mr. Clark’s rule? Why should the last 
five be considered weaker when old? No, no, Mr. Clark, 


this won’t do ! 

When your correspondent asks ‘‘ Has anybody ever con- 
structed a formula for the strength of a -corroded shell 
and answers, No! he wae oy ah a Leper ter 
dealing with these questions. Will Mr. Clark be surprised 
to learn that all such formule worth having are constructed 
for strength of shells, either new or half corroded. 
ate fg the thickness reduced by corrosion is in the 
body of the plate and the section here is. not less than that 
through the line of rivet holes, or unfortified dome hole, 
the corrosion does not affect the strength. When the 
corrosion is the rivet holes we take the reduced 
thickness here as the thickness of the shell in any rule we 


pre Byrne This is another point Mr. Clark has to learn, 
and I trust he will acknow this scrap of information 
in a more becoming manner than he has hitherto thought 


fit to do. 

Why does Mr. Clark try and shelter himself behind Mr. 
Fletcher? He might as well have ended by attempting to 
father his rule upon that gentleman. In the second para- 
graph of his postscript he says it appears Mr. Fletcher 
does so i ¥ I may say Mr. Fletcher does nothing of 
the kind. It would sim y Ve-gredk te ge on eipetien 
more of Mr. Clark’s blunders, His last letter is a string 
of amusing misrepresentations and misconceptions. 
Whether this obfuscation is due to want of experience, 
— of candour, or loss of temper I leave your readers to 
judge. 

The crowning joke is, when Mr..Clark ends by admit- 
ting that the length should be introduced into the formula, 
and not only the h but the square of the length. Oh! 
Mr. Clark, this is really too bad after what you have been 
fighting for. He has burst his own bubble, and apparently 
without being aware of it. As Mr. Clark seems to have 
taken such a dose of Pantagruel some time or other as to 
make him unable to see how an omission on of one 
of two oqgenee can become a weapon for the other, let 
me offer the following illustration. Suppose some one 
were to attack Mr. Clark, and in stepping back to defend 
himself he were to fall down a trap-door he had omitted to 
close, and break his neck, would not this omission on the 
part of Mr. Clark be equivalent to putting a very formid- 
able weapon of destruction into his adversary’s hands? 

Mr. Clark insinuates we are quarrelling, Nothing of 
the kind! He might as well say a teacher quarrels with 
his pupil when he censures ° 

Yours truly, 
RopgErt WILSON. 





ELECTRICAL AND MAGNETIC 
PHENOMENA. 

To THE EDITOR oF ENGINEERING. 
Srz,—Your correspondent, Mr. William Lintern, of 
Dowlais, has contributed in your issue of 14th inst., a very 
able and suggestive letter on “‘ Electrical and Magnetic Phe- 
nomena,” giving in detail important facts and information 
which have been elaborated by himself in a careful practice. 
I would ask to be excused in ohusteg to the theory in the 
latter part of his paper, from which it is induced that the 
geese Ta» in a goaf, in a coal mine, may be acted upon 

yan “ current’’ with a largely increased vis viva 
in certain circumstances, and so may be driven out on to 
naked lights and cause an explosion. 
Over opt Fe - in pete -_ much 
experience wi and with some of the largest colliery 
explosions hereabouts, has shown me nothing to support 
such a theory. 
Some more facts may be found in the Transactions of 
the Midland Institute of Mining and Mechanical Engi- 
to how Soh ane eae the floor of a mine, where 
coal has been ex and which gas is in vacwwm, has 
been tested with a bore hole, up to a pressure of 135 lb. 
square inch; and that a time comes during or after the 


extraction of the coal, when a floor in such condition bursts 
suddenly, and then the , relieved from such enormous 
pressure and mixing with atmospheric air, will foul a great 
roe of the best ventilated pit, and even rey 9 ho ven- 

ilation for a few minutes. this is done, as I have seen 
it now more than once, in a sudden and short space of 


e. 
Mr. Lintern’s theory is not without some probability and 
is very carefully put, but I would submit that whoever 
has engieng which comes from and practice should 
try to reco rape yracyeten | new theory on a most 
imaretent question, and on which more inquiries may soon 


Yours very truly, 


RosektT MILLER, Viewer. 
Strafford ss oe | near Barnsley, Yorkshire, 
une 


7, 1878. 


To THE EDITOR OF ENGINEERING. 
S1z,—Without wishing to prevent any other discussion 
or explanation as iy the variation of the 
needle, as stated by Mr. Lintern in your issue of Friday 
last, will you permit me to ask w r the fact of the 











magnetic pole not being identical with the north pole, or 
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the axis of rotation of the earth, would not affect the com- | a nut for an iron tube, it is made evident by the mode of one ions, and the result of the work would evi- 
pass to some extent? And if I mistake not, the “cross | striation that form is produced by drawing tly the best possible if the vertical lines, suc- 
measures” were in the lower series of this coal basin, and | out from a circular section, outside as well as inside. The | cessively deformed in two different directions, resumed 


consequently where the mine 
ferous series is the most abundant. 

It is assumed that these beds are better conductors of any 
earth currents than some other parts, and if so, does not 
the variation observed in crossing the fault coincide with 
the above condition ? 

That we have things to learn is well known, but if any 
observed effect can be traced to a known cause, it seems an 
error to wander into the field of doubt. 

I am, Sir, yours 


THEO. CRISWICK. 
Swansea, June 17, 1878. 





A NEW FORM OF MICROPHONE RECEIV- 
ING INSTRUMENT. 
To THe Eprror oF ENGINEERING. 
S1r,—Having been experimenting with the microphone 
and studying the effect of the of the current on a 
galvanometer, it occurred to me that if the needle were 
fiwed, strains would be produced in it by the action of the 
current. To test this I passed a few yards of copper wire 
eo No, 30) on a small bar magnet lengthwise, and 
ound on placing it to the ear that sounds were beard on 
interrupting the current; these sounds were much in- 
cm as by placing the magnet -inside the lid of a paste- 
x. 


Having a 6-in. horse-shoe magnet beside me I passed 
along one of its limbs from two to three yards of the same 
wire, and on placing the lid of a tin box on the flat sides of 
the ends of the magnet an excellent receiving instrument 
was obtained; with this, tuning-fork sounds, singing, 
me speaking, and violin music were heard dis- 

tly. 

A single Leclanché cell was used; the transmitter con- 
sisting of two small pieces of carbon pencil touching 
slightly and connected with an 5 en paste box. 

am, yours truly, 
W. J. Mruuar. 

100, Wellington-street, Glasgow, June 17, 1878. 








THE FLOW OF SOLIDS. 
On Further Applications of the Flow of Solids.* 
By M. Henri Tresca, President of the Société des 
Ingénieurs Civils, Paris. - 
(Continued from page 477.) 

Tron, by its constitution, lends itself much better to 
drawing out than to setting-up: The difference is well 
exemplified in the case of a et axle which has been 
bent while cold. If it be divided down the centre in a 
plane, the fine ribbon-like appearance is clearly brought 
out, and the lines are very exactly concentric. In the 
convex portion, it might be believed that the lines 
were descri with com In the concave portion, 
on the contrary, the fibres are broken and confused ; 
at the same time, there are two fractures by com- 
pression, whilst the exterior face remains entire. Here 
the texture would have been altered to a still greater 
extent, if the iron bad been heated for the operation, when 
the metal would have been brought to a consistency like 
that of putty. 

The deformations transversely are much better shown in 
a square axle 4 in, square, the surface of which had been 
subjected to a series of blows from a centre-punch, at 
intervals of (.4in, The convex portion bas been extended 
so much that the width has been reduced from 4in. to 
3.20 ia., and the concave has, on the contrary, been spread 
out to a width of 5} in., in proportion as it was shortened in 
length. The simultaneousness of such deformations is well 
known, and they are the more pronounced as the curvature 
isincreased. But it is speci important to note, in this 
example, that the fissures which are produced are situated 
-_? in the compressed portion, whilst the portion princi- 
pally submitted to extension has continued perfectly sound. 

For the purpose of testing the soundness of the welds in 
rails the rails are frequently subjected to a series of torsional 
stresses in two opposite directions, which usually result in 
a number of longitudinal fissures of greater or less length, 
in the lines of se tion of the component bars. But, in 
operating on a shaft turned out of a square bar of 
iron, much more conclusive results are obtained. By the 
application of excessive torsional stress, the fibres are 
forced into relief, and the iron she ft absolutely assumes the 
form of a rope, in which all the exterior fibres are a: t. 
But the constitution of the interior of the shaft is stil more 
remarkable. If a transverse section be taken it is easy 
to discover, by the agency of oxidation, the sinuous lines 
which correspond to the exterior helices, and of which the 
equation is precisely given by calculation, assuming that 
the angle of torsion is constant for all points of the shaft. 

Supposing such a piece were to be raised to a welding 
heat and forged anew, it can scarcely be doubted that an 
iron of exceptionally great resisting Bye would be pro- 
duced, possessing in some » best properties of 
metallic cables. 

The ribbon-like constitution is never better manifested 
than in iron plates, in which it might often serve to reveal 
the mode of manufacture. In iron tubes, for example, 
which are manufactured mostly in England and in France, 
the regularity of the lines is such that it is only interrupted 
atthe weld; and a means is afforded for ascertaining 
whether the weld has been made by simple contact, or by 


lapping. 
The same manufacture demonstrates also the incon- 
veniences which may attend compression. In the section of 
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ted towards the angles 


enlarged 


rs are, at some points, se 
where it was necessary that the section should be 
by squeezing or compression. 


The object to be kept in view in the various methods of 
forging should be, according to the foregoing discussion, 
to dispose the fibres in the direction which best accords 


with the use to which the piece is to be eet Mr. 
Haswell, director of the workshops of the Rail- 
way at Vienna, has attained this object by stamping in ~~ 


piles which are suitably prepared. The author 
oxidised several of the pieces manufactured by this process 
service ; and it is clearly manifest that, though, 


for rail 
here and there, the silicates oceupy too much space, and 
are not regularly di , the fibres are nevertheless 


arranged in the most favourable direction in all parts of 
the section. 

At several other iron works, the example of Mr. Haswell 
has been followed, in the manufacture of pieces by stamp- 
ing, i ly at the iron works of Niederbronn. But 
no doubt éron of the best quality should be employed, in 
order toderive from this method of mannfacture all the 
advantages which it promises. 

Pi defects byt Nine are well niet in Ler motion 
of a forged e stamping process from a of iron 
doubled twice over on itself. 

a to which iron is to be submitted it is 
im that the — form of its constitution 
should be:regarded. excellent iron plates of Berry, 
which may be easily doubled, because their different layers 
are not sufficiently susceptible of being welded, could not, 
for instance, be subj to the American mode of punch- 
ing, with a punch which, being faced with a helicoid surface 
instead of the usual flat surface, manifestly tends to tear, 
a the edges of the hole, the different parts of the same 
yer. 

Heat Developed in Forging.—The study, geometrically, 

of the deformations oadnaaly by forging considered under 


the simplest conditions, has led, from another point of 
view, to results which, though are not translated into} 
definite figures, are nevertheless of some interest, whether 


pte to the deformations themselves, or to the 
calorific phenomena by which they are accompanied. 
When a square bar of iron is eppepreaned tebante two 
horizontal flat jaws, equal and opposite to each other; the 
bar is flattened and elongated, and the experiments already 
made on the crushing of metal discs afford grounds 
believing that each vertical fibre of molecules is deflected 
into a sinuous form, analogous to the forms produced by 
the crushing of a cylindrieal block consisting of a pile of 
plates. When a prism is partially flattened the flow of the 
material placed under the tool is resolved into an elonga- 
tion having a curved surface, of which the directrix is a 
logarithmic curve. The equation of the curve might be 
iven, but it is useless to enter here into theoretical specu- 
ations. ‘suffice, meantime, to mention the result, 
and to apply it-where im the course of the dis- 
See te 
sarap eit oe no 
oo, r 4 muc 
resembles those which been illustrated. 

If each’ of the four ‘of the prism be divided into 
squares of one centimetre, or 0:40 in. wide, the com 
of the fi will show all thechanges which take place on 
one of the sides...A small enlarge 
duced on the upper face and the lower face, but this may 
be neglected at first. Towards the middle of the depressed 
portion the intermediate horizontal lines present their con- 
vexity in contrary directions towards the centre-line ; and 
the two verticals near the centre vertical have on the con- 
trary their maximum separation from each other at the 
level of the centre. 

The two opposite squares, having a width of 0.12 in. show 
respectively two symmetrical depressions ; but it is the four 
squares formed by tke diagonals which manifest the most 
complicated distortions. In proportion to the depression pro- 
duced, the subjacent matter is expelled both transversely 
and longitudinally ; but the second displacement is that 
which it is most important to take into consideration with 
respect to the elongation to be produced, and it is the only 
displacement which can take place, when the piece is forged 
by stamping. : 

The elongation in the interior of the compressed portion 
being gradual, the dep edge resulting from it neces- 
sarily presents an inclined face. It would theoretically 
take a logarithmic form, of which the curve would unite 
nearly at right angles with the original face above, which is 

isplaced longitudinally, and, at the bottom of the de- 

ression, with the depressed portion of the same original 
‘ace. This exterior side of each of the original faces of the 
square is thus drawn into a form analogous to that of a 
letter Z, of which the inclined member has been bent over 
in the opposite direction. The three other sides, elongated 
or shortened, constitute the locality of the greatest deforma- 
tions ; and it is to this to which the whole attention should 
be directed. The origi lines, as well as the resulting 
deformations of these lines, are illustrated with absolute 
exactness by a figure. 

It is thus shown what takes place under the action of the 
first blow of the hammer. The second blow should cross 
the first blow, when it is required to reduce the height for 
the whole ng of the bar; and an idea may be formed 
of the new deformations and the re-straightenings which 
take place, by examining the figures, in which the dividing 
lines are reproduced after each of three or four successive 
blows, one after the other. In spite of the care which was 
taken, the deformations are not sufficiently symmetrical, 


ment of 0.12 in. is pro- 


out Soreen cena senaas Weeustrens doubt as 
to the distribution of the molecular action to which every 
of the mass has been submitted 


eThe forged bar presents extended portions, and com- 





- r ment after each deviation. The 
forging would then consist of a methodical series of the 
effects of deformation, immediately followed by the effects 
of a corresponding rectification. 

Such effects become still more complex when the bar to 
be forged is not sustained between lateral guides by which 
all lateral extension is prevented. It is evident that new 
deformations will be presented under such conditions, which 
will modify those which have just been analysed, and at- 
tention should be directed more particularly to the semi- 
eet ot a berances which are rageen roa — oe 
en, @ piece, in correspondence with each blow o 
the hammer. These nipples form a kind of network pro- 
duced by the forging, describing on the lateral surface a 
series of lozenges with curved sides, separated by the half 
circles already mentioned. 

These undulations of the surface, which are of no im- 
we in the geometrical operation of forging, neverthe- 

essdeserve notice, as they indicate the zones of maximum 
sliding, which are also the zones of the maximum develo: 
ment of heat; and the author has been enabled, by their 
indications, to connect the epnomnns of forging with those 
of thermodynamics. It has been’ known that heat is 
developed by gi: , and in some operations 
connected with the platinage of steel, pieces of steel sub- 
jected to blows ra idly delivered, may ‘be raised toa dark- 
red heat. This phenomenon does not ordinarily take place, 
except in working thin sheets; andit will be shown that, 
in working thicker pieces, the precise situation of the 
greatest development of heat can be recognised. 

In a forging operation which the author has had to con- 
duct on my oe scale on an alloy of iridium with platinum, a 
phenomenon occurred inciden which engrossed his whole 
attention, bearing intimately as it did'on the deformation 
of solid bodies. He may be pérmitted to refer to it, though 
the experiments are not yet completed; and it will bea 
source of great satisfaction to him to make known the first 
results of these experiments to an assembly of English 
—— before'any publication of them elsewhere. 

‘the 8th of June, 1874, the author simply announced 
the main fact at the , oar Aad Sciences, that when the . 
bar of platin after having been forged, had cooled to a 
teniperature below that of red heat, it happened several 
times thatthe blows of the steam-hammer which at the 
same time made a local depression in the bar and lengthened 


for | it, also reheated the bar in the direction of two lines in- 


clined to each other, forming on the sides of the piece the 
two diagonals of the depressed part ; and this reheating was 
such that the metal was in these lines fully restored to a 
red heat, so that the form of these luminous zones could be 
clearly distinguished. These lines of augmented heat re- 
mained luminous for some seconds, and presented the ap- 
pearance of the two limbs of the letter X. Under certain 
conditions as many as six of these produced successively 
could be counted simultaneously, following one another ac- 
cording as ‘the piece was lifted under the hammer so as to 


be ly drawn down for acertain part of its length. 
The appearance of these luminous traces can be explained 
beyond all doubt. They were the lines of greatest sliding, 


and also the zones of the greatest development of heat—a 

ectly definite manifestation of the principles of thermo- 
name That the fact had not been observed before was 
evidently owing to this, that the conditions to be 
combined at the same moment had not beer present under 
such favourable circumstances. Iridised platinum requires 
for its deformation a ee quantity of work to be expended 
upon it. The surface takes no scale, and is almost trans- 
lucid when the metal is brought up to a red heat. The 
metal is but an indifferent conductor of heat, and its 
specific heat is low. All these are conditions which are 
favourable for rendering the phenomena visible in the 
forging of this metal, whilst it has remained unobserved 
with all others. 

Although this explanation was what was to be expected, 
the author nevertheless proceeded to justify it by experi- 
ments of a more direct character, of which some account 
will now be given ; and which constitute the chief motive, 
and it may be added the chief point of interest in this com- 
munication. , 

Given a bar of metal at the ordinary temperature, if, 
after having coated it with wax or with ow on two 
faces, it be subjected to a single blow of the steam-hammer, 
the wax melts where the depression is produced, and it is 
observed that the melted wax assumes in certain cases the 
form of the letter X, as was observed in the case of the 
platinum bar. In other cases the limbs of the cross are 
curved, presenting their convex sides to each other. The 
heat has then been more widely disseminated, and the 
wax melted over the whole of the interval by which the 
curves are separated. 2 

The prism which has this melted outline for base, and 
for height the width of the bar, represents a certain volume 
and a certain weight ; and if it be admitted that the whole 
piece been raised to the temperature of the melted 
wax, the elevation of temperature represents a certain 
quantity of heat, or, in the ratio of the mechanical equiva- 
lent, a certain quantity of internal work which is di y 
exhibited by the experiment. In comparing this work wit 
the work done by the fall of the hammer, a coefficient of 
efficiency is obtained which amounts to not less than 70 per 
cent. is value cannot be taken as final; it depends 
upon the conductibility of the metal, on the stiffness of the 
apparatus, on the clearness of outline of the melted surface. 
But what the author is desirous to impress upon the meet- 
ing is that here there is a return to the first methods of Mr. 
Joule, and that the anthor’s investigations of the flow of 
solids conduct him to certain thermodynamic demonstra- 
tions. 

The following are the numerical data for some of these 
experiments, together with the illustrative figures : 
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Name of Ss Form of the Im- - j &5 
Metal. “ig pression 3 rh 
s4 i | 23 
kgm. sq. cent.) cent. 
Tron | 80 Rectangular 1.45 2.5 
mn 90 mm 1.50 2.5 
pe 110 Wide-spreading.| 2.20 2.5 
Copper 60 Rectangular 1.75 2.0 
Corresponding | Equivalent Proportion 
) my = of umber of | Work, at the | Percentage of 
sonding | Heat-Units | Rate of 435 | Total Work 
» <n | (Heating to kgm. per ! converted into 
m. | 50 deg. C.) Caloric. | Heat. 
cub. cent. kgm. | ‘ 
8.63 0.1498 63.72 0.796 
3.75 0.1547 69.79 | 0.731 
5.50 0.2269 96.44 0 877 
3.50 0,1329 56.48 | 0.942 








In the last experiment, taking as melted the area of wax 
included between the hammer and the crosses, a useful 
effect of 94 per cent. is obtained. 4 : 

Stamping.—The object of stamping is to dispose the re- 
lative displacement in given directions, in order to pass from 
the primitive form, enestiot direct by the maker, to the 
definitive form which is desired to be accomplished. From 
this point of view, the die is a kind of channel designed to 
facilitate the flow of the material, and to guide in the 
most suitable direction or directions. When it is required 
to draw down by stamping a square bar of iron, each 
blow of the hammer causes transverse enlargement as well 
as elongation’; and the useless enlargement is advan- 
Saquendly obviated if it be prevented by the presence of 
the sides of the canal. If it be well to employ the stamp 
in cnaly drawing down a bar, how much more indis- 
pensable is it when the variation of form is more complex? 
The simple idea of flow supplies material for forming a 
rational judgment on the successive dispositions of the 
stamps required for the intermediate operations ; and also 
on the adjustment of the sections of rolls, which are but 
circular stamps or moulds, by means of which iron is drawn 
out. 

That all these phenomena are but various forms of flow, 
of which in most cases the circumstances can be antici- 

ated, may be shown by other experiments which will now 
a described. - 

The most characteristic of these experiments is, perhaps, 
the following: Having completely effaced the reverse in 
relief of a piece of money, p the flat surface on a sheet 
of lead, and flatten the second face in the stamping press. 
The whole relicf of thie fuce will be produced on the face 
which had been reduced to flatness ; and the design. of this 
relief will even be imprinted on the lead. This effect is 
explained by the circumstance that each vertical thread or 
fibre of molecules, being separately compressed in the di- 
rection of its length, flows, when struck, with greater 
facility into the lead than into the other parts of the piece. 
The saliencies, as reproduced, are less, no doubt than in 
the original relief, whilst the more delicate features are 
partially obliterated, but the general effect is reproduced 
and it is apparent that the flow takes place in the direc- 
tion of the depth, which is also the direction of least 
resistance. 

On the reverse of the sheet of lead, which has necessarily 
been reduced in thickness by the effect of the imprint, the 
image will be found repeated in a more confused manner, 
and it may be distinguished by a peculiar tint, which indi- 
cates a well-defined geometrical transformation ; the lead 
having flowed in a horizontal direction, as the only way of 
escape when its surface was depressed. This amplification 
or enlargement takes place in the proportion of 22 to 13, 
when the plate of lead is }in. thick. 

An entirely different effect is produced when a medal is 
struck. The blank piece having been placed in the matrix, 
the portions which are not to be raised in relief by the 
action of the press are reduced in thickness, for the benefit 
of the neighbouring portions, which are raised ; the metal 
literally flowing, in radial directions, from the hollows to 
the reliefs by which they are surrounded. 

If the medal has only an engraved face, it may be made 
up of several blanks of equal thickness superposed. The 
same mode of distribution of the molecules takes place, and 
is manifested by successive imprinting at.each face, in which 
the final relief is more or less obliterated. 

It is so clearly a manifestation of flow that takes place 
under these conditions, that if the bottom of the matrix be 
hollowed out at the centre, then, the material which con- 
verges from the circumference exciting a pressure towards 
the centre, the central portion of the blank is driven to- 
wards the orifice, where it forms a very regularly shaped 
boss ; admitting of the transformation of a relief executed 
on a plane, into a similar relief on a surface which has 
become very convex or very concave, according as the 
fenign pertains to the upper or the lower face of the 

nk. 

To an analagous cause, the presence of scars sometimes 
observed on medals high! ieved, is to be attributed ; 
these scars being produced simply by the junction, dari 
the later strokes, of the edges of the bosses which are f 
by the earlier strokes. 

When the medal is relieved on both faces, if it be made 
up of several plates superposed, it is interesting to remark 


the successive developments and effacements of the images 
on both sides of the plates ; mingling and merging in each 
other in a singular manner. 

Rules cannot yet be formulated for the best forms of the 


ves of rolls; but it may be that they should 
Ciesla a manner as to utilise as far as ible 
the natural flow of the metal in the direction of pres- 


sures applied to it. , 
tie wet to a t _ pad end peg ym _ 
it is prevent any i » an 
to facilitate the longitudinal flow ; the die should therefore 
be carefully ga , short, and opened out in the direction 
of the length. = divis 

It has been seen, ope, = in stamping a disc, it pb 
useful to make use of centripetal com) . Eachmode 
of action has on abe oon mode of deformation ¥ bal xa 
is necessary to w how van e - 
ing isa very remarkable instance. Given a disc of lead 
4 in. in diameter and } in. thick ; if it be pressed, 
stamping machine, for a diameter of 2} in. at the centre, 
the thinsing of this central portion is only effected by the 
flow of the caaheslal eukenatns and this flow is exactly 
symmetrical, when the centring is ect. The exterior 
border is devel in the form of a tulip, By such means, 
without the employment of a matrix, geometrical forms 
a perfectly definite character may be produced, which may 
be useful in some cases. ‘ 

This general — of material had bean long since 
observed by MM. Piabert and Morin, in the course of their 
experiments in drawing out blocks of clay. Around the 
orifice of entry the clay was thrown out in the form of 


in the displacements which take place when are 
dise against armour plates. The m displaced by 
the projectile is driven forward in flakes or strata more or 
less involved and dislocated, which have nevertheless a 
a family likeness to the dispositions previously 
noticed. 
metrical condition of the development in — 
form of the plate of lead may be very simply explained. 
The border of the plate, which makes an effort to retain 
unaltered its diameter and its thickness, continues to be 
attached to the central ion, the gradual crushing of 
which throws out rings which are successively thinner and 
thinner. These rings have, therefore, at each instant, a 
iven thickness, and by their succession they necessarily 
a a surface of revolution, which is accurately calculable, 
on the hypothesis, which is perfectly justifiable, that the 
volume is constant. 3 
The conditions of such development may be modified by the 
employment of casings of various forms, but attention will 
be confined to the case of a concentric casing so disposed as 
to prevent any increase of diameter. $ 
ight discs of lead 14 in. in diameter having been placed 
in a cylinder, a piston of 1.20 in. in diameter is placed upon 
the pile formed by these plates. Since the material can 
only escape from the compressive action by the annular 
space comprised between the piston and the cylinder, it 
ultimately assumes the form of a sort of tumbler, of which 
the height is extended to the length of the piston, eyen 
beyond the length of the cylinder. The ess of the 
tumbler, 0.15 in., would have been more regular if but one 
disc of lead, or of tin, had been employed. But the mode 
of distribution of the layers in the thi of the tumbler 
is in itself a useful subject for consideration. The upper- 
most plate has been developed, almost in one piece, to the 
upper edge of the tumbler, being connected by a continuous 
supplementary part, which becomes — thinner until 
it reaches the foot of the tumbler. The other plates are 
also developed, in a — direction, supported by the 
sides of the cylinder, for a length which may be submitted 
to the same kind of calculation as that of the plates of the 
concentric jets. It is the same mode of deformation 
applied, in the present case, to an annular jet; and the 


complete analogy between the formulas which give expres- 
sion to their tions is not one of the least remarkable 
facts in these transformations. 


This method has for several years been adopted in in- 
dustrial operations, under conditions of precision which are 
truly astonishing, in which a vertical and cylindrical jet, 
12 in. high, is manufactured from a sheet of tin perfectly 
smooth and of uniform thickness. In the finest specimens 
Ruving bend siowrhs; da aot slenr oy Ubagchatioanessaing 

n 8 » do no’ any y ex 

im in height, even though the cylindrical envelope has 
m suppressed for the whole height. The substance 
driven out in the form of a ring, the thickness of which is 
meas by the difference between the radius of the punch 
and that of the matrix, is naturally di to form a thin 
cylinder, the several elements of which slide with equal 

facility upon the perfectly polished surface of the punch. 

A thousand examples of similar surprises may be found 
in industrial processes; but this instance, amongst them 
all, definitively sanctions the expression by which the author 
believes he is authorised to designate the results of his re- 
searches. The fiow of solids is now ised in science ; 
much more will it be accepted by the members, who are 
witnesses every day of the page which are based upon 
it, as the true expression of the best ascertained facts. 


(To be continued.) 





ON MECHANICAL TRACTION UPON 
TRAMWAYS.* 
By M. Anarots Mauuzr, of Paris. 
om of + most ——— —— at ts ween 
e, as well as one of the most interesting 
engineering skill, is the substitution of ieockenical er 
in place of human or animal labour, wherever the 
can be made with advantage. The object of attempting 
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acanthus leaves, and the same development is to be observed | wa 


this change may be, either to reduce the cost of perfo 
@ given amount of work, or to increase the amount of wor 


performed for 4 ren come or the aim Lig by aaa 
regularity in production or working, by ge 
poe aoe 
or caprice, 
animal power, and : than by’ aalaes effects 
beforehand with absolute precision and 
under perfect control ; and sometimes the purpose in view 


com both these ends. Illustrations are afforded by 
the substitution of steam for animal power in the working 
of tools and machinery for ee aoe urposes, in 

umping and winding gear at mines, in tural opera- 
ey in navigation, and lastly pay railways. 

At the outset it might appear that the use of steam power 
on railways was almost identical with its use on tramways ; 
and Sanh nesbing faeries ry than to repeat upon 
tramways what been done for railways by Stephenson, 
Hackworth, and other originators and improyers of the 
locomotive. There is, however, a considerable difference 
between railways and tramways ; and the question is not 
so simple as it appears at first sight, erence 
which is twofold, lies, firstly, in the construction of 
tramways; and, , in the mode of working 
and these points require some consideration in 


A* *? has been defined by the Conseil Général 
des Ponts wy, Chey France, as ‘‘a i 

ablic road, with iron rails not ) 
ace of the ground, so as not to interfere with the ordinary 
traffic over the portion of the road occupied by the tram- 


ow firstly, in regard to the construction of tramways, 
the ed or tram rails, which engineers are gen 
led to adopt in order to avoid im the artinary tenlte, 
offer a much greater resistance to traction. than the edge 
rails used on railways ; and this resistance is still further 
augmented by the dust and mud occasioned by the ordinary 
road traffic. It is generally admitted that, where a load of 
one ton would require on a level railway a tractive force of 
9 lb. to 101b., the force required on a tramway would 
be 171b. at least, and in cases from 20 lb. to 25 1b. 
Moreover as the tramway has to follow the course of a road 
already existing, it necessarily presents much sharper 
curves and very much ly ts than a railway. 
The tram cars also, hayi be regulated pA once 
road traffic, are generally limited in regard to dimensions, 
particularly in width. ‘ 
Secondly, in the working of tramways the characteristic 
feature is the running of light trains at frequent intervals. 
In general the trains consist of a single car only, sna 
coupling of two or more cars in 0 working being, 
for the present at least, forbidden by the police regulations 
in France. The cars have to stop for ca be and setting 
down passengers at any point on the line ; and in addition 
they must be able to pull up ina very short distance in 
order to avoid accidents. The 8) is much 
less on railways; and from the contiguity of the 
ordinary traffic, precautions have to be taken to avoid 
frightening horses. ? 

m these considerations it is clear that, as already 
stated, the traction of vehicles on tramways must differ 
greatly from that upon railways; and it would further 
ap that the conditions to be fulfilled would be much 
better met by the use of horses than by the ie aw ment 
of any known mechanical means. It may be asked then, 
what practical inducement is there to attempt the substi- 


tution of mec power for animal labour? ‘ore ex- 
amining this ong it rig 4 be well to state clearly the 
conditions to fulfilled by a tramway engine, i 


them under the two heads of requirements which are 
absolutely indispensable, and those which, without being 
of so rigorous a nature, are nevertheless desirable to be 
aimed at, in the outset at any rate, if only with a view to 
facilitate the general adoption of engines upon tramways 
and common roads. 
The indispensable conditions comprise the following : 
(A.) A tramway engine must be capable of coming to a 
dead stop within hort distance, and of weiting 
again with the test facility. 
B:) It must be able to run round very sharp curves. 
C.) It must have a very wide range of power, ada) 
for very ble loads and ascending the Pp 
gradients sometimes met with. ‘ 
(D.) Perfect safety must be secured, both for the pas- 
and for the general public. 
€) The dimensions must be moderate, particularly the 
< tight there must be nothing likely to cause horses to 
) x 
The secondary conditions, which it is desirable to aim at 


—* may be stated as follows : 
(F.) engines should emit no steam or smoke, no 
""G) They should coulain noi thigh tem 
: F contain no or gas a a 

ture, whic it, in cases heshidown: lites. oc 
overturning of the vehicles, scald or injure the passengers 
or others. 

(H.) They should not require more attendants than the 
horse cars. 

(I.) They should be capable of yensing boskusets, which 


be done on tramways, but it is desirable as a 
provision against accidents. 


It seems unn to add that the suplarmet of 
mechanical power must not be more ive than that 
of horses, inasmuch as the economy to realised would 
as almost _ Re Bsr for the K coy sear of 
mechanical power. agreed that nothing 
seems to answer the above conditions better than horse 
traction, which therefore cannot be replaced by mechanical 
power unless the latter presents a real su’ advantage 


on the score of 





The points on which economical advantage may arise in 
favour of mechanical power are the following : 
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(1.) The keep of horses is dear, and in especial there are 
inevitable fluctuations in prices from year to year, 0 to 
———, — = an 4 aa ie ; 
consequence of this hings has for a long time pas 
been strikingly manifested in the case of the Paris General 
Omnibus Company, where 1d. difference in the daily cost of 
each horse’s keep produces a difference of 8s. per share per 
annum (or 2 per cent.) in the dividend. 

(2.) The first cost of horses is considerable, and the 
charge for renewals consequently high ; besides which there 
is the risk of epidemics. 

(3.) If the traffic varies with the time of year, some of 
the horses will at times be eating their heads off in the 
stables without apn Fame work. 

(4.) Where the route presents pretty stiff ients, extra 
horses will be wanted at these places ; and the additional 
expense thus involved will be all the more considerable 
because these extra horses are not fully occupied during 
the whole of their time. 

(5.) The stables and yards for horses take up considerably 
more room t engine sheds. 

It is clear that according to the importance of the above 
inconveniences attending horse traction will be the advan- 
tages attending mechanical power ; whilst these advantages 

ill disappear altogether if the conditions of traction are 
favourable for horses. Thus, to take a particular case, if 
with small one-horse cars and an almost level route eight 
horses are wanted for working a tramway, and these eight 
horses are worth 401. each, including ess, that will 
make an original outlay of 3201. per car, exclusive of the 
car itself; and if each horse cost 3s. 6d. per day, the cost 
of horsing each car will be 28s. day. If, on the con- 
trary, with heavier cars and a less level route, fifteen 
horses are required for the same work, the original outlay 
will amount to 401. x 151.—6001., and the daily cost to 
52s. 6d. per car. The result may well be that in the first 
case an engine would be more expensive, both in first cost 
and in working expenses; whilst in the second it might 
present an economy in both these respects, no absolute rule 
can therefore be laid down. The consideration of the cost 
of traction will be resumed further on ; but it may at once 
be stated that for horses—including keep, grooming, shoe- 
ing, harness, and renewals, but without reckoning interest 
on the — sunk in building stables—the cost may be 
taken at from 6}d. to 10d. per mile for each car. 

It may here be remarked that what has more than once 
contributed to the failure of tramway engines has been the 
fact of their not being made of sufficient power. Because 
a tram-car is drawn y two horses, it has been thought 
that an engine of two horse power would do for the same 
work ; and surprise has been felt on finding it necessary 
afterwards to —— an ine of six or eight horse power 
or even more. This arises from the great range of power 
capable of being exerted horses: a horse can exert a 
momen’ pull of as much as 450 lb., whilst in continuous 
work the draught he exerts is scarcely more than 170 lb. 
to 1801lb. An engine having cylinders large enough to 
exert a starting pull equal to that of two horses would re- 
present five or six horse power at least. This is an im t 
consideration which should not be lost sight of, an 
one more difficulty in the way of economy. 

The application of mechanical power on tramways in- 
volves at the outset, as was the case in the origin of rail- 
ways, the question whether to use stationary engines or loco- 
motives : bearing in mind at the same time that stationary 
engines may be employed either for producing the tractive 
power themselves direct, or only for transmitting this 
power to travelling engines by which the traction properly 
so called is performed. Under the first head, so far as the 
writer is aware, rope traction has hitherto been the only 
plan employed. 

1. Tramways worked by anne use of ropes in 
the same manner as upon inclined planes seems hardly 
compatible with the working of tramways ; and the writer 
will therefore notice only the endless-rope —_ employed 
in San Francisco,* where it was required to work a tram- 
way having a total rise of 300 ft., and presenting gradients 
as steep as 1 in 6 and very variable, in consequence of the 
level landings that occur at the junction of every cross 
street. Between the railsa wooden tube 2 ft. 4in. in 
diameter is laid in the ground, having a slot all along the 
top ; an endless steel rope 1 in. in diameter runs inside the 
tube, carried on horizontal rollers about 40 ft. apart, with 
vertical guide rollers at the curves. At each end of the 
line the rope passes round a |; pulley 9 ft. in diameter. 
One of these pulleys is driven by.a steam engine of 30 
horse-power, giving the rope a sveed of 350 ft. per minute 
or 4 miles an hour; the other is a tightening pulley for 
giving the required tension to the ropes. The cars are 
drawn by a ‘‘ dummy,”’ which takes the place of a locomo- 
tive, and is connected to the rope by an arm projecting 
downwards through the slot in the tube, and carrying at its 
lower end a gripping jaw; this jaw can be made by the 
conductor to a the rope, which then draws the dummy 
wi car attached to it. On releasing the grip, the 
dummy is free of the rope, and can be brought to a stand- 
still by the brake. The cars are made to carry 14 persons, 
besides 9 on the dummy ; the journey océupies about ten 


minutes. 

It cannot be disputed that this is a very ingenious 
one, and to answer all the requirements. It is 
true that the conditions under which it is carried out in 
Clay-street and Sutler-street in San Francisco are peculiar, 
ioeunee te the — is render 

ose streets impassal y any ve 
tram-cars have a clear course all to, themselves, except 
where they cross yh © streets. With oie letting os 
there is no means of slackening speed excep’ tting go 
of the rope, and the tram-ears cannot ran backwards ; and 


" ® The -street tramway, San Francisco, was fully 
Mostoted ant described 7 pate 402 and 406 of vol. xix. of 
ENGINEERING. 


forms 





a further serious objection is that, in the event of breakage 
of the rope, its renewal would occupy probably a consider- 
able length of time, during which the traffic would be 
entirely suspended. With regard to the expense of such a 
system, there is not yet sufficient information, but it cannot 
be far wrong to consider that it must be an economical 
plan ; it would be particularly so in cases were motive 
power was available free of cost, as in certain in 
the neighbourhood of large waterfalls. It is to be wished 
that exact particulars were forthcoming as to the working 
of this system, which constitutes a very interesting appli- 
cation of stationary driving power. 

2. Tramways worked by Compressed Air Engines.—The 
use of compressed air supplied by a stationary engine for 
the traction of vehicles is an old idea, which it has several 
times been sought to put in practice ; it is therefore not 
surprising that it should have been reverted to in connec- 
tion with the adoption of mechanical power on tramways. 
Compres air has been employed for this purpose in 
mee by Mr. Scott-Moncrieff, and in France by M. 
Mé ki. The arrangements employed by the latter are 
of great interest and deserve describing im detail : they 
have been adopted with the view of obtaining from the 
compressed air the greatest amount of useful effect, this 
being necessary from an economical point of view ; and 
they have already been carried out in practice on a = 
scale, although unfortunately the machine is not actually 
at work at the present time. 

From the end of 1876 an experimental car driven by 
compressed air was publicly worked by M. Mékarski* on 
the tramway from Neuilly Bridge to the Arc de Triomphe 
de |’Etoile, Paris. This car was an ordinary tramway car 
to carry thirty persons, under the floor of which were 
placed twelve cylindrical reservoirs, having a total capacity 
of 74 cubic feet, and containing compressed air at a pres- 
sure of as much as 350 Ib. per square inch. By means of 
a self-acting reducing valve the air is delivered from the 
reservoirs at a constant pressure, whatever be the pressure 
inside them ; the pressure delivered can however be varied 
at pleasure by the ductor a ding to the power 
required to be exerted. The peculiarity of this system is 
that the compressed air drawn off from the reservoirs, 
before entering the driving cylinders, passes through a 
vessel containing water heated to a temperature of 330 deg. 
Fahr., where it thus becomes saturated with steam, whic 
furnishes heat enough to compensate for the cooling pro- 
duced by the subsequent expansion of the air in working. 
The engine proper consists of two small cylinders acting in 
the ordinary manner upon the leading axle of the car. ‘he 
supply of com air was furnished by a pump worked 
by a portable engine. 

The trials of this car, which were carried on in Paris for 
a year and a half, showed that its working was very satis- 
factory ; the speed is very easily controlled, there is no 
noise and no escape of steam or of smoke, and the requisite 
variation of power is very easily effected, by means of the 
reducing valve, by the greater or less pressure that is 
allowed to the air admitted into the working cylinders. 

In consequence of these trials, it has been decided to 
adopt the system on the tramways of Nantes. The line 
will be about 3} miles long, and the plant will comprise 
twenty-one automatic cars, four compressing engines of 50 
horse power each, and three boilers having each 1000 

uare feet of heating surface. It is estimated by M. 

ékarski that the wenlne expenses will not ex six- 
pence per mile. The Nantes tramways now in course of 
construction will probably be got to work in the course of 
the summer. The same system will also be adopted in 
Paris about the same time, but instead of automatic cars 
separate engines will be employed for drawing the cars. _ 

As the pee am ee with which the Paris 
trials were made was of only a temporary character and 
consequently somewhat imperfect, it has not furnished 
sufficiently accurate results as to the cost of compress- 
ing the air. The car which worked the 2.1 miles between 
Nenilly and the Arc de Triomphe de 1’ Etoile ran the double 
journey of 4.2 miles with a’charge of 70 cubic feet of com- 
pressed air at an initial pressure of 350 lb. per square inch, 
and there was still pressure enough remaining at the end of 
the journey to run the car into its shed. From M. 
Mékarski’s more recent statements, however, it appears that 
this quantity of air would enable a car weighing 7 tons to 
run from 5 to 6 miles. te engines of 5} tons weight, 
having reservoirs of 180 cubic feet capsclty, filled with air 
at the same initial pressure of 350 1b. per square inch, 
would draw a car of their own weight, 5) tons, a distance 
of from 6 to 7 miles. < 

The working expenses of M. Mékarski’s system are 
stated by himself to be as follows : 














— Separate | Automatic 
Engine. ar. 
pence. pence. 
Fuel consumed by air-compressing 
engines ae see ‘cl eee 1.12 
Grease, maintenance and repair of 
engines ° as ef 1,12 0.80 
» _olling stock {engines} 0.88 1.60 
Attendance for rolling stock ...) 1.60 1.60 
” air compressing en- 
gines... as ee wf 1.18 0.80 
Total working expenses per mile ...) 7.36 5.92 








or sax TUS, ant G8. per walle, Zesee Gquens, ose Resed wipe 
the gy arnished by M. M ki : 

1. With cubic feet of air at an initial pressure of 
400 Ib. per square inch, 60 tons can be drawn 1 mile ; and 


as these 100 cubic feet weigh 216lb, it follows that 1 Ib. 
weight of compressed air will take a load of about 600 lb. a 
distance of 1 mile. 

2. The power required for charging the reservoir with 
air compressed from 45 lb. to 400 lb. per square inch is 14.2 
horse power per 100 cubic feet of compressed air per hour ; 
1 horse power will therefore produce 15.2lb. weight of 
compre air per hour. 

2. With economical stationary engines consuming 2} Ib. 
of coal per horse power per hour, a consumption of 354 Ib. 
of coal will be required to produce 100 cubic feet of com- 
pressed air at 400 Ib. pressure ; 1 1b. of coal will accordingly 
produce about 6lb. of com air, and consequently 
1 Ib. of coal will take a | of 3600 lb. or 1.6 ton, a dis- 
tance of 1 mile; or conversely a load of 1 ton can be taken 
a distance of 1 mile with a consumption of 0.62 1b. of coal. 

The economy ons i principle of this system rests 
on the consideration, which is urged in a very able and 
convincing manner by M. Mékarski, that, inasmuch as the 
consumption of fuel in large stationary engines is much less 
in proportion to the power developed than in small locomo- 
tive engines, the difference is enough to compensate and 
even more than compensate for the losses arising from 
work absorbed by the air-compressing pumps, engine, 
friction, &c. 

In the discussion of this question at meetings of the 

Société des Ingénieurs Civils de Paris, the author main- 
tained, on the cont , that the consumption in locomotive 
steam engines, even of small dimensions, might be brought 
down much below that required by the compressed air 
system. Among other examples in support of this view he 
quoted that of the locomotives working on the compound 
system, supplied by himself to the Bayonne and Biarritz 
Railway, which burn less than 0.20 1b. of coal per ton per 
mile, the line having gradients of 1 in 66 for a third of its 
length. Were the comsumption even double this amount, 
it would still be considerably below that of the compressed 
air engine. 
, But in the writer's opinion the question of compressed 
air should not be put upon economic grounds ; from other 
considerations—in respect of safety, suitability, and con- 
venience for the passengers and the public—the compressed 
air system presents ample points of superiority for town 
traffic ; these incontestable advantages may even be worth 
purchasing at a slight excess of cost. 

It is ae to observe that, in order to provide against 
any possible accident interfering with the constant worki 
of the compressed air system, the stationary engines an’ 
sures pumps with all their appurtenances must be 
erected in duplicate. This necessity is common to all plans 
involving the use of stationary engines, where it is required 
to insure uninterrupted working, as for instance in the 
manufacture of gas, as many as three boilers are provided 
for one actually wanted. Without entering into a de- 
scription of the very ingenious comes engines em- 
— by M. Mékarski, which are now nearly completed 
and can be seen by the members during their stay in Paris, 
the writer may say that, if this system has not yet stood 
the test of practical working, it must certainly be credited 

with possessing t chances of success ; and if the 
trial about to be made of it on'a large scale proves favour- 
able, it will take an important place as a mode Of tractivn 
upon tramways in towns. The writer is not aware of any 
other recent attempts having been made on the Continent 
to apply compressed air as the motive power on tramways. 


(To be continued.) 








COMPOUND ENGINES AND EXPANSION 
GEAR. 


On Vertical Compound Engines Fitted with Correy’s 
Variable Expansion Gear.* 
By Mr. THomas PowzE11, of Rouen. 

Amongst the various industries which have been estab- 
lished in Normandy, the manufacture of steam engines has 
attained a position of considerable importance ; and as it 
has been created entirely by English engineers it may not 
be uninteresting to the members of the Institution of Me- 
chanical Engineers, to have laid before them a brief notice 
of its present condition. 

The first important factory for the construction of steam 
engines at Rouen was founded about the year 1833, by Mr. 
Lawday. Some years later a second was opened by Messrs. 
Hall, Powell, and Scott, and it was followed by several 
others. The present receipts of this branch of industry, com- 
prising only steam engines, boilers, shafting, amounts to 
the sum of 280,0001. yearly. The type of engine which has 
more especially contributed to the reputation of the Rouen 
engineers is the compound or Woolf beam engine. This 
paper may thns be subdivided as follows: 1. Early Woolf 
engines, with the ordinary slide valve. 2. Woolf engines 
with expansion in the small cylinder. 3. Variable expan- 
sion by the governor on ’s . 4. Trials of steam 
engines = _ without variable expansion on the above 


system. mclusions. 
1. Early Woolf Engines with the Ordinary Slide Valve. 
Since the manufacture df steam ines was commenced at 


Rouen, and until within the last few years 
slide valve was employed, with a slight d 

without any compression at the end of stroke. 
valves derived their movements from a triangular eccentric. 
The speed was regulated by means of a governor of some 
sort, which acted on a throttle valve in the steam cock. 
Some years later a valve was substituted for the steam 
cock, and the throttle valve was pnee above it indepen- 
dentiy. Steam was admitted to the small cylinder for the 
whole of the stroke. The volume of the cylinder was, 
according the practice of the makers, from four to six times 
that of the small cylinder, effecting an expansion, corre- 
spondingly, of from four to six times the volume of steam 





* The Mékarski tramway engine was illustrated gad des- 





cribed on pages 142, 143 of vol. xxii. of ENGINEERING. 
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admitted for each stroke of Re site peed The smail valve presents two flat faces, of which | 40 cent. of the stroke. This range of cut-off would 
enorally adoptd averaged wbout 9004t, per mina the inner face, which slides on the valve face of the small net be eullicienh Sux compound i in which the ratio 

piston. linder, is formed like an valve, so as to admit | of the volumes of the two cylinders is at least as 1 to 5. 

sumption of fuel may be taken, from the result of for from 60 to 90 woret he stroke according to | Such an r pergpe! ngy- Ragen hax 

anemia, el te eta Se ante sa the maximum load on t age. Two rectangular ports | ments of si linder engines, ei vertical or 5 
of 3.311b. of coal per hour per effective horse measured open into fpr a hy of the dimensions corres zontal, in an admission for less than 40 per cent. is 
by Prony’s brake, after a deduction for r up steam. area of steam port uncovered by the never required. 
Previous to 1867, Sean eas nthe anit ae , boiler | face. Two slides work on the back the valve, (To be continued.) 
efficiency was seldom tested, and the quantity of water con- p eer ey are maintained by the pressure of the 
sumed cannot, therefore, be stated with gees ae and the} ports in the ee may be completely FOREIGN AND COLONIAL NOTES. 
then, as now, "the — employed were 0 esi ut off communica- 


monly adopted in France, consisting of pay oy. 
two or three heaters and one boiler, with external 

and traversed three times by the products of combustion: 
By numerous ents’ made some years ago, it 
demonstrated that these boilers evaporate, as a maximum, 
under a ) pe of six atmospheres, 7 Ib. of water ag be 
pound of coal consumed; on the -. On this basis 
quantity of water consumed by those engines would 
amounted to 23.15 lb. per hour per horse power cmaauned 
by the brake. But this rate_of ——— of water 
— only to the best engines, constructed subsequently 
to 1852. ore this time, the rate of consumption was 
nearly always greater ; many engines consuming 26} Ib. or 
even more per effective horse power per hour. 

On an inspection of the diagrams, it may be observed 
that there is a considerable fall between the pressure in the 
boiler and that in the small cylinder at the 
the stroke, attributable to the wiredrawing action of She 
— valve, and to the insufficient area of the ports 

2. Woolf Engines with Expansion in the Small Cylinder. 
—In 1866, Mr. T. Powell, nephew, partner in the firm in 
which the writer is also a partner, entirely modified the 
distribution of the steam and the valve motion. Without 
entering into the details of these modifications, it may be 
stated that the objects were: 1. To cut off the steam in 
the small cylinder before the end of the stroke in order to 
augment the degree of expansion. 2. To ~~ a some 
extent the losses due to the clearance the em- 
ployment of compression at the end of the ~t. e. 3. To 
increase the velocity, in order to develop greater power, 
with the same dimensions of cylinders. The admission to 
the small cylinder was controlled by a simple lap-valve, 
without any supplementary apparatus, whether fixed or 
variable. 

The first engines on this system were at work in the 
Universal Exposition of 1867, where they were employed to 
drive spinning and weaving naar eg Their motion was 
very smooth veo ne consumption, though not regularly 
determined, appeared to be very economical. In 1869, 
Messrs. Powell, having been employed to renew the cy- 
linders, jacket, and valve of the steam e @ con- 
structed by them in 1852 for the spinning mill of M. 
Lavoisier at Darnétal, near Rouen, embraced the oppor- 
per or of popplying their new system. After the engine, as 

been at work several months, they proposed 
to ms a trial of the engine as to consumption of fuel, 
which would be all the more interesting, since it had 1 before 
been tested in 1853, shortly after it was ereney antes 
and thus the comparative results would afford a measure 
of the advantages of the new distribution. The details of 
the trial are given in section 4. The comparative results 
were as follows: M. Lavoisier’s engine, before it was 
altered, consumed per hour per horse power measured at 
the brake : “ 


Water .. 23 
Coal, containing 10 per cent. of refuse . eo. 8.285 
After the alterations were made, the coupon we : 


Water .. vw. 17.856 
Coal, containing 10 per cent. of refuse 2.488 


Making a difference per hour per effective horse _— 


Water .. ame nh ae oe ee 5.142 
Coal ... 0.847 


The modifications applied to this engine produced, there- 
fore, an economy of 23 per cent. Specimens of the dia- 

obtained are given. These results have been corro- 
Cecula since 1869, by numerous measurements. 

3. Variable Expansion by the Governor on Correy’s 
System.—The steam-engine of which the results of per- 
formance have just been given, did not meet all the re- 
quirements of the factory. Governing by the throttle 
valve did not admit of perfect uniformity of speed under 
all loads, particularly light loads. oreover, the im- 
possibilty of cutting off at less than half-stroke of the 
— ape ye with a plain lap valve, involyed the wire- 

of the steam Bi the throttle valve, when the load 
light, with a reduced economy in consumption. Messrs. 
Powel were led by these considerations to try the em- 
ployment of _—— expansion in the small cylinder by the 
frst api on M. Correy’s trigger system. This s. was 
t applied to existing ne ey poe with such a degree 
of success, with respect both to economy and to me | 
of motion, that it has since been regularly applied to 
steam-engines in which very steady speed was = v a 
which were subject to very nae nen | loads. The following 
a description of the mechanism employed on this system. “i 
The ordinary arrangement of valve chests for Woolf 
es is retained; the steam comes direct from the 
into the j og acket surrounding the two cylinders, and it 
bn thence by a starting valve to the valve chest of the 
small cylinder. The valves are moved by a triangular 
eccentric, as in the preceding engines, aud they are ad- 
justed in the same manner. “Phe object of the expansion 
gear is on at any point in the stroke of 





the small cylinder, from per cent., when the ports are 
completely , to 90 per cent. of the stroke. 
* The Correy gear was illustrated and described by us 


on page 354 of "the twentieth volume of ENGINEERING. 


been | of 


: 


linder. 
predhirssrgehog oie pang two rods, cach of ‘which 
t oF emo see t any 
steam along ty 
sie ross caloalated 0 thet the pressure of the 
nd = geben seg ny Ag wer god hat. weight of 
re| and of than the frictional resistance of 


ter 
fe Piped mes de in the boxes. By 
wit aon as soon as they are set 
~ ieee and the employment of or counter. 
weights for enforcing descent is ren 


Tes atte ws aa pela 

-box, which Fwy an air cylinder; from this cy 
finder he escape of the iri rogulated at will by moans 
two valves, the spindles of w screwed ; and, nS 


Mi 


ie 


g of | the rods fall suddenly, the air is com under the 
pistons, and shocks are thus com obviated. The 
valve rods are moved by two ci batt which is geared 


the motion shaft or on a small special shaft which is 

to the other shaft and moves in unison with it. The 
eccentrics are connected to two cylindrical rods, which work 
in fixed upon the column, and move with easy fric- 
tion within two wrought-iron pieces, which carry the 
trigger, and sre cottered to the lower ends of the slide 


The upper part of each of the rods is, Ld oy plows. wi 
reduced in the lathe, the cylinder 
cally so as to form a Prag Ben ee shor at eng rome 8 
of the rod. This part is 
piece, of hardened steel a ee in “yy aa a aadeaeel 
the pieces, and can be displaced horizontally by an amount 
equal to the shoul vt 5 rods on being acted upon 
by a cranked and lever. The piece is traversed 
by the upper end of the tide rod, and the opening through 
it is of a circular form, so that it’ applies exactly to a semi- 
circumference of the rod, with which it is maintained in 
contact by a helical spring 

When one of the eccentrics i is at the bottom of its stroke, 
the slide rod in connexion with it rests on an india-rubber 
washer at the bottom of the air cylinder. The port is 
closed by the slide, and the shoulder of the valve rod has 
then fi about an eighth of an inch below the ~— 
This play is designed. to permit the piece to settle itself 
properly 0 the shoulder of the rod, being pushed thereto 
by the sp ‘When the movement is commenced, the 
eccentric p hes the shoulder of the rod — the piece 
the slide i 4 ik and the port is uncovered. he cranked 
lever is raised at the same time ; it carries a eal piece 
terminated by a knife edge screwed and adjusted with cain 
At any given point of the stroke of the small piston, _ 
knife may be brought into contact with one of the 
cast-iron cams ; and the eccentric continuing its movement, 
the lower end of the lever will describe on its pivot a small 
arc of a circle, and will push the piece off the shoulder of 
the rod, against the action of the spring. ens 
rod are thus set free; by the pressure of the steam they 
are suddenly pushed downwards, -— the port is closed. 

The cams are keyed on a 8 t, which moves a 
system of levers connecting it with the sleeve of the 

vernor. The form of the cams is determined by the 
| cy of the valve movement. The drawing indicates 
the widest position of the balls of the governor, and cor- 

mds + tags A maximum speed of the engine. In this 
position the knife edges come into contact with the 
pears: Mong Bann is at the ta point ; the steam is 
cut off, and if the cams were he ld by hand in this position, 
the engine would come to rest. 

The impulse of the _ _edges upon the cams is very 
feeble, since its onl; is to move the piece off the 
shoulder. Besi Besides, the yor Raph in all positions of the cam, 
has a vertical component which passes through the centre 
of the cam-shaft, so that it cannot have any influence 
the movements ‘of the governor. As the ernor 
pmepyd nie Ra cary to Frogs 33 me, iti eo ——_ sensi- 
tive e variation ~ yo lucing oscilla- 
tions of the arms both too wide and too rapid. To obviate 
such excess of sensibility, a very feeble but constant iy 
sistance is opposed to the movements of the ne wll 
means of a small piston suspended to the rod 
en een = ome 8 linder filled with oil. Tho eens 
of the small rods is to ‘orce the expansion slides and t 
rods to descend, follo the motion of the saa 
a. Beene ae cae and when there is no pressure 
of steam to act upon them. 


The wear of the B are sogeer hooky agen rods is easily 
taken up. The ends are softened, the rods placed in 
is | lathe, for which pape the old centres are retained in 
= of the rods, and the shoulders squared 
again hardened, and the rods replaced, care 
taken to | to lengthen the eccentric rods by the 
ments, which they are connected to 
straps. us the original dimensions ma; 
and the operation may be often repea 
Eka valve gemtag might bo 
ive gearing mig 
pansion slide forming a valve, and 
ony namie Big would then be only one 
bok which would be driven 
toothed wheels in the ratio 1 to 2. 


ld 
Bee. 
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ccpeagenant the vauge.tor wind be 
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were in better 
of 1876. 
American Rolling Sto: 
ps wt just been 
tive Wi Th pce 


ck for Brazil. — 
out by the B 


‘ht locomotives 
win Locomo- 


locomotives were to orders from 
the Government, seven intended for the 
San Paulo and Rio de Janeiro and the other for 
t i line. A num of rai 


railroad 
Breit dove to the order of the 
nna pe complete the schooner’s cargo. 


Bridge Building.—The Keystone Raw, 
pany of Pi y of Pi emg “ay 2 Penns: <p 5 have a large 
the su aa iron truss b 
over the Me M Booman at t Por » to connect 
nat aan ge , by using the 
Pittsburgh, * and Oke Oheeloston tracks to that point. 


ee of trains in about 
three mo The Loomis Bridge Company, of Cincin- 
nati, Reg lately taken contracts for 11 feet of 
bridging. 

Defences of Victoria.—A oy is to be erected at once 
at Point Nepean, Victoria. Sir William Jervois, in re- 
see upon the subject, recommended that 11-in. 25-ton 

uld be mounted both at this spot and at Queens- 
Sif ; but as there were six 9-in. 12-ton guns in the colony, 
he suggested me they should be placed in position at 
Queenscliff, and this been The new four-gun 
battery at the J Point will have 80-pounder Armstrong guns. 


Melbourne Harbour Improvements.—The re of Sir 
John Coode on the works which it may ble to 
ape out for the banana a of Melbourne arbour = 
be prepared on Sir John’s return C) 

the Sis health 


ene Soar flood which: orl occurred 
gr apa e Yarra. 


ays in Victoria.—At the close of 1876, there were 
Een fe in Victoria, Australia, 
and since then miles more have been completed, and 


ee oe amgpenicie A ong os 
ft. 3in. borhe Victoria eaters the North- 
Hastern, a line from Melbourne to W. » 187 miles ; 


the — or main line, from Melbourne 
156 miles ; or Gippland lines ; and the Western 
to Stawell ae miles. The = are owned po ma- 
ictorian: en e average 
ma ie be been about 15,4401. in 
Defences of South Australia.—An official ins 
been made of the coast line between the Naval 


the 
» | pleted. The road, which is 2 
constructed My. 7 Decale of G 
0. a Somat 
means 
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g 
P 
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Ha 
ie 
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1838, 


Transatlantic Si 
steamship Sirius 


Femnanion 0 r.—A promising dise)7 
ores has been made aie at Badger Head on tie 
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Continued 8. 
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crane —are pea 
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COALS AND COKE. 





OOALS (per ton)—~ 
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TIMBER, DEALS. -&. 















LONDON. 
(Per Petersburg standard) £ s.-4. £ a. 4. 

Archangel ist yellow... 19 © 9 © 0 0° 

Ind 4, nom 19 f0 0 14 8 © 
Petersburg enccccescossvences BR 1S O 70 0 
Foterstuny igs wai biased J eomoe 

10°09 TI 10 
eatin g 
‘sorte, oo mic © 

Norway deala, other 
BOTTS oasiee-oovsevensrerseren oe tm s 

Soahanesed sy cys s 

vee - ow m4 8-0 
aus, 11 O°8 42 0-0 

Sra deni, 
and 4th ena ro oe gt © 

— . less 

Fininnt desis. ssssesesecemee, TO O ©. TL TOS 
n MS une 9 0 9 10 0 @ 

AMERIOAN DEALA— 

Quebec Ist bright pine... 16 © © 14 0 0 
» and o «10 10 © 14 10 6 
» ora a - 71 © 908 

Floated 40s., 208., and 10s., less for lst, 

and 3rd, respectively. 

Oanadian spruce, ist,..... 10 © © ff 6 © 
" = tad. 8 o o B10 © 
n a S@rd.uw 7oe 8B Oe 

Brunewickapruce,. 8 © © 810 © 

Di eéeremcccnnee 958.0 §:.06 @ 

N.8.&P.E, Islesprace 7 10 0 8 © 0 

U, S. pitch pine .......0..«0 I8 1§ © T1210 © 

AMBRIOAN load) 
Bed (mixed and 
FIZ) wve.socercersecres § 10 © °° 

Do. for yards and spars aa ° Y eo 

Yellow pine, large wn... § © 9 § 10 0 

Ditto waney “wa. 40° § 0 
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2$ 0 315 © 

alee ar ae” a 

9p QP OBOM ceveservesedese | to © 1010 © 
Ba Write... .0ceescere: oo 0 0 © 

Indian teak ...cc0sscsx ne mooomue 8° 

an \eenencane momen 

heart.... 8eegoee: 
Australian iron bark . aw 66 6 F306 s 

Batic TimBER (per load) 
Bige OF ....00rcenenn § 10 0 4 § 0 
—— ama 4c 0 gto © 
” “ame § 109 © 410 0 

wd mi 
Bnd... §$ © 9 SIS © 

» COmmon  mid- 
GUNZ... 210 0 g 0 0 
» Undersized ..... 2 5 © 212 6 
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5 210 0 4215 © 
25 0 a1g © 
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as pn uo els 3 
sicscrece @ FE 39'S 'T 
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mons 1010 © 1015 © 
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+ ne 
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Oak timber, 
(string measure) ...... © 2 0 © 3 3 
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St. Jobn’s birch ......+-....- or 7 e320 
nn bee somes © 1-56 OL 8 
someone, © FT § Ot 8 
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” ” white .,, 11 § © 1210 © 
Riga Ist White ........00000 ° 10 © 
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= _ ord 4 seeveneceses 4 10 0° 4 eo 
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COAL MINE LOCOMOTIVES. 


Tue Resicza coal mines in Hungary, owned by 
the Austrian States Railway, comprise four seams in 
the district of Szekul and two in that of Dourau. 
The latter are worked by four drifts about 197 ft. 
deep, but having a total working depth of 436 ft. 
Further access has been obtained to these coal beds 
by two new shafts, known as the Almasi and the 
Szecheny, and by re-opening the Franz Joseph main 
shaft in the Beozawa valley; this latter was driven 
as early as 1853, but was not then connected with the 
Szecheny shaft by a tunnel. At 187 ft. below 
the surface of the main shaft is the first working 
level, and the second occurs 187 ft. lower. The 
Franz Joseph shaft is the deepest pit supplied with 
winding engines, and the coal taken from the lower 
levels is raised to this pit floor and hence hoisted to 
the surface. From the floor of the shaft the tunnel 
is arched with brick for a length of 1492 it., the 
section being elliptical, with a height of 9 ft. 10 in. 
from rail level to the springing of the arch, the 
average width 8 ft. 6in.; the next section, 1312 ft. 
long, is of brick, 8 ft, 24in. high, and 6 ft, 63 in. 
wide, while the remaining length of 3985 ft., is cut 
in the rock, and has an average section of 42 square 


feet. 
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The demand from these mines rose suddenly from 
150 tons to 300 tons per day, in consequence of the 
erection of a new Bessemer plant and rail mills, as 
well as for the supply of the blast furnaces with 
coke. This development made it necessary to change 
the method of transporting the coal through the 
workings and to employ steam power in place of 
the horses previously used for this purpose. Some 
investigations regarding the employment of ro 
and locomotive traction showed that it would be 
more economical and simpler to employ locomo- 
tives. The length of line between the shaft and the 
passing place for the full and ape | traius is 6789 ft., 
and the distance from the pit to the coal separating 
and washing house is 482 ft., making a total of 
7271 ft., or 2.62 miles for the double journey which 
the locomotive has to perform. One of the most 
important difficulties to be overcome in making the 
alteration was the removal of the products of com- 
bustion and the waste steam, because the possibility 
of working the mive profitably was in a great 
measure dependent on the solution of this prob!em. 
Up to this time the mine to which this shaft be- 
longed had been ventilated by means of a Rittinger 
fan, erected over a special ventilating channel. 
The capacity of this fan being considered insuffi- 
cient for the increased amount of air that would be 
necessary, it was removed and replaced by another 
on the Guibal system with eight wings, 29 ft. 6 in. 
in diameter and 6 ft. 7in. wide. The fan is driven 
direct by an engine with a single cylinder 17} in. 
in diameter and 34} in. stroke. his engine is 
worked with steam of 641b. pressure, supplied by 
an elephant boiler having 376 square feet of heating 
surface, a second boiler of the same dimensions 
serving as a reserve. The engine is fitted with 


Meyer’s variable expansion, and is arranged to cut off 
between 15 and 75 
ventilating channel 


[ee cent. of the stroke. The 
eading from the mine to the 











fan is 612 ft. long, and has an area of 50 square 
feet. The annexed engraving shows the general 
disposition of the shaft and buildin, Table No. I. 
shows the results obtained with the fan at speeds 
varying from 20 to 60 revolutions per minute. 

A number of experiments were carried out to 
ascertain if the new fan was of sufficient capacity 
to remove effectually all the gases and steam arising 
from the use of the locomotives in the mine. For this 
purpose a small truck was constructed with a grate 
and a wooden framing representing the end of the 
locomotive, which it was intended should be built 
for this mine; on this truck a fire was made of 
damp wood, coals, and other materials producing 
smoke considerably in excess of the quantity that 
would be rune errs | by the engine itself ; the truck 
was then placed on the line and the ventilator 
started, at first with a speed of ten revolutions only. 
The result was not satisfactory, the mine remained 
full of thick smoke, but this rapidly decreased with 
an increased speed of the fan, and at 20 revolutions 
of the latter the shaft was kept perfectly clear, 
even when the truck was driven at a speed of five 
to six miles an hour. The arrangement of lines in 
the mine is shown in the engraving, and is such 
that the empty train can be pushed into the work- 
ing level, but that when hauling the loaded train the 
locomotive will be in front, so that there is no 
danger of anyinconvenience from smoke to thedriver 
and fireman, or the miners. The ission of the 
Board of Trade was obtained and the project taken 
in hand. This consisted of two main features, the 
construction of the locomotive itself, the erection 
of a water reservoir and shed, and the ent 
way in the mine. The locomotive was designed to 
fulfil the following conditions: 1. It was required 
to haul about 60 empty or 30 loaded cars with 
miners over ients of 1 in 25 at a of 
4.5 miles per hour. 9%. The front area of the loco- 


motive was not to exceed 20 square feet, so as to 
allow sufficient room on each side for the air to pass. 
3. The engine was to be a tank engine, and was to 
carry suflicient water for one round journey. 4. 
The engine was to produce as little smoke as possible. 
5. To allow the use of the existing trucks, the engine 
was to be constructed for a gauge of 27§ in. 


Taking the weight of each truck at 8601b., we 
have a load of ad = 23 tons, and a speed of 


5280 x 4.5 





= 6.6 ft. per second. Allowing for the 


0 x 
resistance of the air, gradients of 1 in 25, and taking 
a coefficient of friction between rail and wheel of 
one-twelfth only, since the underground rails are 
generally greasy, the necessary adhesion of the loco. 
motive in working order amounted to about 4.5 tons, 
requiring about ten horse power. In order to have 
a margin of power if necessary, and also to 
allow of working with a comparatively high rate of 
expansion, to reduce the exhaust steam as much as 
possible, it was considered advisable to on 
the cylinders larger than this weight of engine at 
the required speed would otherwise necessitate, and 
cylinders 6,', in. in diameter and 8gin, stroke, cutting 
off at from 15 to 20 per cent., were decided upon. 
The steam pressure was taken at 140 1b., and special 
attention was necessary in the construction of the 
firebox and boiler to avoid smoke as much as 
possible, The use of any smoke-consuming arrange- 
ments was not considered advisable, it being con- 
sidered preferable to construct the boiler of such 
dimensions that firing was almost unnecessary durin 
the run; the blast nozzle was made larger than in us 
practice. The boiler was consequently designed with 
95 square feet of heating surface, about one and a half 
times as great as the usual proportions, aud to obtain a 
sufficiently strong draught with the limited height of 
chimney and the large opening of the blast nozzle 
the tube-plate at the smokebox end was inclined, 
Hagens in this we the capacity of the smokebox 
by nearly one-thir 

The locomotive is carried on four wheels, and the 
cylinders and valve gear are placed outside, The 
valve gear is of the Stephenson type, giving a 
cut-off of from 15 to 60 per cent. Both boiler and 
cylinders are cleaded with cork. The boiler is fixed 
to the frames at the smokebox end by cast-iron 
brackets, and the firebox end rests freely upon 
sliding pieces to allow for expansion. The firebox 
is of copper, the crown not stayed, but constructed 
in a semicircular form of corrugated plate to reduce 
the weight, and give easy access for cle — To 
protect the engine-drivers from smoke and falling 
stones in the unbricked of the tunnel, the whole 
engine is roofed over, the chimney only projecting 
about an inch, The height available being very 
limited, it was necessary to place the footplate as 
low as possible, and to provide a seat for the engine. 
driver. The brake spindle and the two injectors 
were placed in such a position that they can be 
easily reached from this seat, 

Two locomotives were built for this mine, the 
‘¢ Trebus” and the ‘‘ Banyai Reitz,” of which the 





—— dimensions are given in the following 
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TaBsxe No. II. 
Gauge... Pre ae oo = 274 in. 
Diameter of wheels (all coupled) ... 18} in. 
Wheel base ... ono ne .- Sft. 1y,in. 
Diameter of cylinder in. 
Length of stroke 8§ in. 
Diameter of boiler ... al 253 in. 
Thickness of boiler plates ... j in. 
Steam pressure ont ade 104 Ib. 
Number of tubes. ... bak - 50 
Outside diameter of tubes ... ‘al 1} in. 
Length between tube-plates 4 ft. 6} in. 
Heating surface of tu 2 79.6 sqr. ft. 
Total heating surface .. 94.7 sqr. ft. 
Grate area... ai eed -- 1.94 sqr. ft. 
Weight of engine, on front wheels 4960 Ib. 

- i hind __sé,, 4740 Ib. 
Weight total, in working order ... 9700 Ib. 
Weight empty on ove eee 8047 Ib. 
Contents oftank ... 35.2 gals. 

os coal bunker 154 Ib. 
Tractive force at 4.05 miles 815.7 Ib 
Smallest curve radius siad 65 ft. 6 in 
Length of locomotive over all 12 ft. 0§ in 
Width 98 ~ 4 ft. 3} in. 
Height on en 6 ft. 23 in. 
Area against air resistance... 19.2 ft. 


The alterations in the tunnel consisted simply of 
trimming the unbricked portion to a template 
mounted on wheels, representing the profile of the 
locomotive, and the relaying of the permanent way. 
The width of the road is 6 ft. and the depth of 
ballast 8 in.; the sleepers are of oak, not creosoted ; 
they are 4in. by 8 in. and 4 ft. long. and are placed 
2igin apart. The rails are of the Vignoles section, 
14.3 Ib, per yard, 24 in. high, 2 in. wide at base, 
and 1, in. wide at head. The fishplates are placed 
between two sleepers. As will be-seen in the 
engraving, the tunnel is divided by two wooden 

artitions; on the inner one of these and at the 
ranch line reflecting lamps are situated to illumi- 
nate the tunnel. For the convenience of the engine- 
drivers distance signals are fixed at intervals of 100 
metres=328 ft., and as further precaution two tele- 
ph lines run along the tunnel, connected with 
lis at each end to signal the departure and arrival 
of trains. 

The locomotive shed isasimple building with two 
lines of rails with = between them for cleaning, 
some benches, and the necessary tools, For the 
water supply a steam pump is fixed against the 
engine-room wall, and a small water crane is added 
for filling the tanks. 

In December, 1875, work was commenced in the 
Franz Joseph pit with the locomotives, and from 
the beginning of 1876 the hauling has been con- 
stantly done in this way. A number of experiments 
were carried out with the engine ‘“* Banyai Reitz” to 
ascertain the performance. The trial lasted alto- 
gether two hours two minutes, during which time 
the following averages were obtained : 

1. The quantity of coal used was 158.7 lb., water 
85.5 gallons. 

2. ‘The average speed was 4.59 miles per hour. 

3. The average water consumption for each ton 
of coal per mile, including the return journey, 0.45 
gallons. 

4. The average coal consumption for each ton 
of coal per mile, including the return journey, 
0.83 Ib. 

The weight of an empty truck was 8161b., that 
of a loaded truck 2140 Ib , the average number of 
trucks, 84 in each train, giving 2140 —816 = 


tae = 20 tons of coal, Taking the time for 

working at 10 hours daily, there would be 12 trains 
with a daily transport of 240 tons of coal. Further 
experiments showed that the daily production 
could be brought to a maximum of 345 tons, 
thus proving that the locomotives are of sufficient 
power, 

Allowing 44]b. out of the quantity given above 
as consumed during two hours and two minutes= 
158.7 Ib., we have an average daily consumption of 
a little over 600]b. of coal, this was afterwards 
raised to 635lb. The engine only for each 
complete run 28.6 gallons of water, and as the tank 
holds 45.2 gallons, the condition to be able to make 
a complete run without having to stop for water 
was also fulfilled. It should be mentioned here 
that in consequence of the large boiler capacity, 
high pressure, and high degree of expansion, the 
smoke and exhaust steam in the tunnel were far 


below the amount anticipated. and were removed 
with the greatest ease by the fan. One more difli- 
culty may be mentioned here which was successfully 
overcome— the dampness in the tunnel, combined 
with coal dust and 


e oil dropping from the bear- 


ENGINEERING. 
ings produced a very greasy condition of the rails, 
which could not well be removed by the application 


of sand, After some experiments a jet of hot water 
from the boiler under full pressure was used, and 
this most effectively cleaned the rails. This same 
arrangement has for some years been used with 
very satisfactory results on other lines for the re- 
moval of ice and snow. A rail cleaned in this way, 
though wet, gave nearly the same coefficient of 
friction as a dry rail, and the use of sand is entirely 
avoided. On the Morawica-Resicza-Szekul Rail- 
way with inclines of 1 in 25 and very much exposed 
to atmospheric influences in winter, this system 
has been in use since 1874, and has given every satis- 
faction. 

In conclusion it may be interesting to give a few 
data of the cost of locomotive transport compared 
with horse transport in this mine. Previous to the 
introduction of locomotives, eight horses hauled 
in 12 hours daily a maximum quantity of 180 tons 
of coal; to raise the production to the average 
quantity of 250 tons in 10 hours, there would be 
8x12 x 250 _13 horses. 


10 x 180 


& s. 
First cost of these at 51. each=651. 

and at 6 per cent. interest eve 3 18 
Stabling at first cost of 501. also at 

6 per cent. interest iin 3 0 
Cost of each horse during one year 

351 . 455 0 


required 





ooo @ 


Drivers, one ‘man for three horses 
at 301. a year; counting four 
drivers only 7a ‘al ae 





Cost of transport during one year 


Cost of transport for one day (300 
working days) ... sid ad 1 
Cost of transport per ton of coal 0 0 

Cost for locomotive transport : 





Two locomotives at 600 
One locomotive 
shed and water 
station : 


at 6 per cent. 

1000 {for each day 
Lubricants per day ... ove ies 
Repairs per day ove oi oa 
Engine-driver 4s., stoker 3s. per 


ay ... “ ai eee 
Coals per day, 635 lb. ose 


fo 
0 
0 


~~ De O 
Io oo om 


oo 





Total cost for locomotive transport 
perday... ese om an 1 
Cost of transport per ton of coal ... 0 0 1.05 
The cost for locomotive transport is therefore 43 
per cent. less than that with horses, and the ques- 
tion of the cheapest mode in this particular case is 
therefore decidedly in favour of steam over animal 
power. The locomotives used in the Resicza mines, 
and the various details connected with the arrange- 
ments of transport, were designed by M. Carl 
Heinrich, of Buda Pest. 
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CANADIAN RAILWAYS.—No. VI. 


Quesec, MonrrEAL, OTTAWA, AND OCCIDENTAL 
RatLway, 

Earty in the year 1603, two small vessels sailed 
from Honfleur to brave the violence of the North 
Atlantic, and with true knight errantry to pierce 
the savage seclusion of the unknown American 
wilderness. Small in capacity—one was 12 tons the 
other 15 tons burthen—but with stout hearts in com. 
mand, Pontgravé in one, Samuel de Champlain in 
the other, they held on their adventurous voyage, and 
their mission was pregnant with the dominion over 
a continent. They passed the foggy banks of 
Newfoundland, entered the Straits of Belle Isle, 
and, like tiny specks on the ample bosom of the 
St. Lawrence, coasted its northern shore. So far 
they were not pioneers ; Jacques Cartier, sixty-eight 
years before, had planted the cross and the fleur-de- 
lison the opposite peninsula of Gaspé, and before 
him Corto had kidnapped and sold as slaves a 
cargo of Indians, stolen from this same inhospitable 
district. Even the name that a century before he 
had given it, ‘‘ Laboratis Terra,” the land of the 
labourer, had long since merged and been for- 
ane in the less repulsive Labrador. But Jacques 
Sartier’s sapere had left no permanent mark ; 
the power of France in the New World had faded 





after the carnage of St. Bartholomew ; all for which 
Villegagnon, Ribaut, Verrazzano fought and died, 
had disappeared, and the walrus floundered undis- 
turbed by the keel of the white man’s ship ia the 





deserted harbour of Tadoussac. But not on this 





trip, nor on the next, was Champlain to make for 
his country a durable position, or immortalise his 
own name, as the father of New France, and five 
years elapsed before the ringing axes of his pioneers 
woke the echoes of Cape Diamond, and the crash 
of falling trees marked the commencement of the 
future stronghold of France and of England, the 
Gibraltar of America. Where the River St, Charles 
forms a junction with the St. Lawrence, and on the 
flat foreground where Cartier discovered the Indian 
town of Stadacona, Champlain laid the foundation 
of his new city; modern civilisation has overlaid 
this as well as the great bald rock that towers 
350 ft. perpendicularly above it, and the elevated 
plateau behind both, with the grand old city of 
Quebec, clustered over with memories of the past, 
and linked with the names of heroes that history 
will never forget. Here the fiery Count Frontenac 
cast defiance at his foes, here Montgomery made 
his last brave but fatal attack, here France and 
England decided the ownership of half a continent, 
and here, worthy of the countries for which they 
fought, worthy of each other, fell in mutually 
mortal strife, Wolfe and Montcalm. The city 
founded for the protection and government of the 
French colonists became in time, from its position 
on the great river, a commercial centre, and parallel 
in its career, Montreal, 180 miles higher up the 
river and at the head of ocean navigation, also in- 
creased in wealth, population, and _ influence. 
Quebec monopolised the timber trade and ship- 
building ; Montreal was the seat of the fur business, 
and was the general distributing centrefor the in- 
terior; and a generous rivalry between the two has 
from their origin been beneficial to both. For the 
last twenty years, however, the course of trade has 
not been quite impartial towards Quebec ; the sub- 
stitution of steamers, instead of sailing vessels, the 
public expenditure on the St. Lawrence, more 
especially in deepening the channel of Lake St. 
Peter, and the improvements in Montreal, have made 
that harbour available for vessels of any size 
now engaged in Canadian trade, and ships 
once obliged to load and unload at Quebec now make 
their way easily to Montreal. The Grand Truvk 
Railway, with its head-quarters at the latter city, 
hae but a very unsatisfactory communication with 
its rival, and the ferry to Quebec from the railway 
on the south shore is always inconvenient, and in 
winter almost prohibitive for many descriptions of 
traffic. Altogether the old city felt itself left out 
in modern improvements; for the capital of the 
province to be dependent upon the precarious com- 
munication of an ice-boat, floundering amongst the 
bergs aud floes of the St. Lawrence, was an anomaly 
against which even Norman stolidity chafed bitterly, 
but the completion of the railway named at the 
head of this paper opens a communication to the 
west and south, as the contemplated bridge over 
the river, linking this road to the Intercolonial, will 
connect the city with her eastern dependencies. It 
is a long time now since the North Shore Railway 
from Quebec to Montreal was first projected ; the 
lower Canadian Goverument was anxious for it, and 
voted liberal subsidies, the City of Quebec granted 
it as essential to her commercial progress, a bonus 
of a million dollars, other municipalities voted 
smaller sums, and a company apparently well 
backed was chartered to construct it. But Montreal 
felt little interest in the matter. With the Grand 
Trunk Railway passing through the city, her great 
bridge over the St. Lawrence, connecting her with 
Boston and New York, her excellent line of steamers, 
crossing the Atlantic and anchoring at one of the 
finest wharves in the world, which cost over a million 
sterling, the terminus of Atlantic ocean navigation, 
the commencement of the St. Lawrence, the Ottawa, 
and the Champlain Canal systems, and gradually 
monopolising the distributing trade of Canada, Mon- 
treal could afford to be conservative of her own 
interests, and lukewarm towards the prospects of 
Quebec. The want of concert was futal ; the com- 
pany was dispirited, the works were scarcely com- 
menced, and the whole scheme hung fire until the 
last two years. In the meantime Montreal had 
been induced to connect her municipal credit to a 
scheme for a railway to Ottawa City, had organised 
a company, led the minor municipalities into voting 
subscriptions, obtained a substantial subsidy from 
the Government, commenced the works, and was 
in a fair way to carry the line to completion, when 
the late financial panic struck down a number of her 
best men, and prostrated the whole speculation. 
Both lines being now in a common predicament, 
and unable to extricate themselves from their em- 
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barrassments, in 1875 the Government was com- 
pelled to step in, put the two lines together, re- 
organise the whole arrangements, and assume the 
work as a provincial undertaking. The plan was 
amplified, the line extended, the character of the 
works was improved, some minor branch lines were 
consolidated with the parent scheme, and in its 
present shape it is intended as the second link in 
the Great Pacific Railway series, as the Intercolonial 
is the first. 

As a fitting terminus to the railway, Quebec has 
undertaken the construction of a system of docks 
which, when complete, will cost a million sterling, 
but will marvellously assist the trade of the port, 
offering room for a fleet of vessels that are now 
seriously delayed for want of wharf accommodation ; 
will enable vessels to winter in port, leaving the 
moment the ice moves in the spring, and practically 
lengthen the use of the harbour a full month each 
year. Theconvenient flat promontory between the St. 
Lawrence and the St. Charles rivers has been se- 
cured for this purpose, and, in close proximity, 
with ample room for all purposes, and intersected in 
every direction with sidings, the railway terminus 
has been most appropriately located. Quebec has 
always controlled the timber trade of Canada, and 
with the new facilities afforded by these docks 
and the railway, and the cleaner, more expeditious, 
and more economical handling of the articles for 
shipment, it is expected that this great export trade 
of the country can be wonderfully improved, syste- 
matised, and increased. 

Running up the valley of the St. Charles, which 
is here almost parallel to the St. Lawrence, between 
the great cliffs of Cape Diamond and the Heights of 
Abraham on one side, and a line of factories and 
shipyards on the other, the railway runs out to the 
crossing of the Cape Rouge river, five miles from its 
terminus. At this point, and following the valley 


of this little river, a high level bridge can be ob-| 


tained over the St. Lawrence, the narrowest crossing 
of the river below Montreal, affording a through 
communication between this line, on the north of 
the river, the Intercolonial, Grand Trunk, and some 
local lines on the south side, and involving the con- 
struction of only five miles of railway, between the 
Chauditre Junction of the Intercolonial and this 
road. This connexion, however, has not yet been 
fully determined upon ; and although surveyed and 
examined nothing towards carrying out the works 
has yet been commenced. 

The line, although parallel to the St. Lawrence, 
continues hidden from the great river by the high 
mural rocks that, for 30 miles above Quebec, form 
its northern shore ; after leaving here the land be- 
comes flat, alluvial, and comparatively uninteresting. 
The country, however, although till lately rarely 
visited by the tourist, is well settled; the villages 
are large and better built, and the district altogether 
more enterprising than might be supposed; in fact 
this out-of-the-way north shore of the St. Lawrence, 
except just along the margin of the navigable river 
is, even in Canada, neither properly known, nor its 
position understood ; the difficulties in the way of 
travelling have kept it isolated, and in the Seigniories 
east of Quebec, a few years since, an Englishman 
was as rare as in Timbuctoo. Half way between 
Quebec and Montreal the railway crosses the St. 
Maurice, and directly afterwards the town of Three 
Rivers is reached. This place, so named because 
two islands at the mouth give it the appearance 
from the St. Lawrence of three rivers all discharging 
their waters at this point, is the largest town in the 
province, next to Quebec and Montreal. It issituated 
at the foot of Lake St. Peter, an expansion of the 
great river, into which five or six large streams, be- 
sides the St. Maurice, also discharge, and is at the 
head of the tide. The combined action of these 
rivers flowing into this shallow lake through an 
archipelago of islands, at the head of tidal influence, 
has resulted in such an immense alluvial deposit, 
that this lake formed till lately the principal ob- 
struction to the navigation of the St. Lawrence, 
The city, which is the seat of a Roman Catholic 
bishopric, contains some very fine ecclesiastical 
buildings. The Ursuliae convent was founded by 
St. Valiere, the second Bishop of Canada, and the 
cathedral is one of the finest edifices of the 
continent, The St. Maurice, one of the largest 
rivers in Canada, drains over 20,000 square miles of 
country, and the town situated at its mouth has over 
a million dollars invested in sawmills and other ap- 
pliances for converting the enormous quantity of 
ae produced on the river into a shape for the 
market, 





Another industry has, however, long taken root 
here, which may ultimately be extended to even 
more importance than the lumber, and that is the 
iron trade. When this trade in England was an in- 
significant business, confined to a few Catalan 
forges and bellows-blown furnaces in Kent and 
Sussex, long since innocent of any such industry, 
these St. Maurice forges were probably much the 
same as they are at present. Since the year 1737 
the blast furnace would appear to have been work- 
ing. The mineral is bog-ore containing 43 per cent. 
of iron, 2 per cent. of manganese, and } per cent. 
of phosphorus ; the ore is smelted with mixed char- 
coal, and the result shows a consumption of 
160 bushels of fuel to the ton of iron. The average 
daily production is 8 tons of iron, and about 90 per 
cent, of the whole is a soft grey pig; it is especially 
used for car wheels, for which Messrs. Malkoneel, 
the proprietors of these works, have a deservedly 
high reputation. 

Ihe iron trade of Canada is at present a subject 
that perhaps we have not much to be proud of. 
Many attempts have been made, a great deal of 
money has been spent, and many failures have re- 
sulted; but, on the other hand, many of these 
works have been commenced in unlikely localities, 
devoid of facilities for transport, and certain from 
the expenses attendant upon their isolation to be 
expensive and impracticable. Others have been 
commenced by men ignorant of the business, 
misled by analyses of rich ores, where fuel and 
other necessaries were wanting; and not afew, where 
all the elements of success have been present, have 
been conducted, in their construction and working, 
with a reckless extravagance that would have led 
to failure and embarrassment anywhere. In most, 
if not all cases, the causes of misfortune have been 
preventable, and not inherent either in the trade or 
the country. 

In nearly every district in Canada, iron deposits 
exist in one shape or another. Along the Labrador 
coast, at Mingan, Moisie, and other places, magnetic 
iron sand, similar to that from New Zealand, exists 
in very large deposits; a bed of it occurs along 
this railway at Batiscan, 68 miles from Quebec, 
near the mouth of the river. At Hull, opposite 
Ottawa, and on the Gatineau, iron works have 
been established to work the red hematite, and a 
deserted furnace may be seen from the railway, 
where the black oxide and red hematite were both 
smelted, but the consumption of charcoal was so 
excessive that the works were laid by as unproduc- 
tive, and an industry abandoned through the 
ignorance of its operators. All these furnaces have 
so far used charcoal, and hence the cost of the fuel 
has been the main difficulty, but the requirement 
for charcoal iron in this country always will be 
considerable. The cast car wheel, in all but uni- 
versal use, requires an enormous quantity, and few 
engineers that have fairly tested the economical 
working of the American cast iron, compared with 
English wrought iron or steel wheels, will not 
prefer the former as cheaper, safer, better, and re- 
quiring infinitely less attention ; it is partly due to 
this constant use of cast iron that machinery, 
especially for railways, is cheaper here than in 
England, and the traveller who examines the hand- 
some eight-wheel engine, with its eight-wheel 2500 


with mahogany cab and plate-glass windows, ma 
be surprised to learn that its cost is little over 
what a similar machine from England would be ex- 
pected to realise. 
Turning off some two miles on the Quebec side of 
Three Rivers, the Piles branch leaves the main line 
running 26 miles due north, parallel to the St. 
Maurice river, and ending at a point above the 
waterfalls, where a connexion is to be made with a 
steamer, which can ascend 70 miles above into the 
heart of the great wilderness. The St. Maurice is a 
wild singular river over 300 miles long, many of the 
branches and affluents of which are very little known. 
The Government have spent.a large sum of money, 
both on the main river and on one of its branches, 
the Vermilion, which flows into the St. Maurice 
106 miles from its mouth, and the new steamer is 
expected to be able to work its way nearly to the 
La Tuque Falls, a little below the mouth of this last 
stream. + 
In a vast unknown solitude, where the white man, 
excepting the indefatigable fur hunter, has never set 
his foot, it is said by the Indians tha‘ lake 
’ 


b ta 
exists, or series, of lakes near the height of land that 
marks the dividi 





line between the waters of the 
Hudson’s Bay the St. Lawrence, From these 


gallon tender, beautifully housed from the weather, P 


lakes, draining their surplus waters, and with feeders 
intermingling in wild confusion, five mighty rivers 
derive their origin, The Saguenay, St. Maurice, and 
Ottawa run south. and east, the Harricannau and 
Abbitibbe, north and west, and 300,000 square miles 
of country are tributary to their impetuous waters. 
What wonder then if the glories al Segus itself 
should be almost eclipsed by the mighty cataracts 
that disgorge through these rocky solitudes, the 
drainage of so vast a wilderness, e streams of an 
immense area of this great unknown country find 
their vent down the St. Maurice, and the Grand 
Mére and Shawenegan Falls have for countless ages 
poured down their wealth of waters, amidst scenery 
of a savage magnificence that nothing can surpass. 
But Shawenegan alone, above all other cataracts in 
this world of wonders, has an individuality that is 
incomprehensible. “ The great river, big with the 
accumulated waters from thousands of forest leagues, 
here makes one wild plunge, 150 ft, deep, into the 
seething cloud that broods over the dark abysses of 
the ; cauldron below, the hoarse thunder of this 
pandemonium of waters reverberates along the rocky 
precipices, that look down on their incessant 
agonies, and shakes the trembling granite of the 
solitude with its everlasting artillery. Here nature 
asserts her omnipotence over man ; confused and 
bewildered he can only look up and feel his heart sink 
into insignificance as he stands face to face with this 
avalanche of waters. Fit emblem of an incensed 
a in terrible overpowering grandeur, in over- 
whelming sublimity, Shawenegan will not yield the 
palm to any cataract in the world, 





LOCOMOTIVES AT THE PARIS 
EXHIBITION.—No. ITI. 


In the first article of this series we gave a general 
summary of the locomotives exhibited at Paris so 
far as they were then in place; but since that time 
so many additions have been made that before pro- 
ceeding further with our account of exhibits in this 
class in the British Section, it may be well that we 
should bring our statement of the number of loco- 
motive exhibits up to date. (Ln the first place, then 
—as has been already noticed in a foot-note to our 
last article—the United States has sent an anthracite 
burning engine from the Philadelphia and Reading 
Railroad, while Italy has _ in an appearance with 
a passenger engine, and Sweden has added a larger 
locomotive to the small tank engine previously in- 
cluded in our list. Another locomotive has also been 
added to the Austrian exhibits, and two more to 
those of Belgium, while the number of locomotives 
and tramway engines of all classes exhibited by 
France has risen to no less than thirty-two, The 
total numbers of locomotives and tramway engines 
exhibited, therefore, at present stand thus: Eng- 
land, 7; France, 32; Belgium, 8; Austria, 4; 
Switzerland, 4; Sweden, 2; United States, 1; 
and Italy 1; making a grand total of 59. Of these 
43 are ordinary locomotives for various gauges, 
2 are locomotives specially arranged for ascending 
steep gradients, 9 are steam-worked tramway loco- 
motives (some combined with carriages), 2 are tram- 
way locomotives worked by compressed air, 2 are 
locomotives for use in mines, also worked by com- 
ressed air, and one is a tramway locomotive 
worked by steam supplied from a large body of hot 
water stored under pressure. For convenience we 
may add that we propose in this series of articles to 
treat of locomotives alone, leaving tramway engines 
to be dealt with separately. 


GREAT Britain—(concluded). 

The two last locomotives exhibited in the British 
Section with which we have to deal are those shown 
by the Avonside Engine Company and Messrs, 
Black, Hawthorn, and Co. respectively. Of both 
these engines we this week give illustrations (vide 
pp. 510 and 511), ' 
The double-bogie locomotive éxhibited by the 
Fairlie Engine Company is one con sm 
Mr. Fairlie’s designs by the Avonside Engine Com-, 
yyof Bristol. It is an engine with one steam 
under the hereal oe boiler hag - pone 
wheeled carrying bogie at preset while the , 
boiler is of the ordinary type, and not of Mr, Fairlie’s 
pattern with two barrels, The general appearance 
of the engine, which is for the 4 ft. 8} in. gauge, is , 
shown by the side elevation we give on. page 511. 
The cylinders, which are outside, are 16in. in dia- 
meter with 29 in. stroke, and the driving wheels 








being 5 ft. 6 in. in diameter, the tractive force which 
the engine is capable of exerting for each pound of 
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TANK LOCOMOTIVE (3-Fr. 


GAUGE), 


AT THE PARIS EXHIBITION. 


CONSTRUCTED BY MESSRS. BLACK, HAWTHORN, AND CO., ENGINEERS, GATESHEAD-ON-TYNE. 





effectiye pressure per square inch on the piston is 
al = 85.3 Ib, The valve gear is bf the Heu- 


singer von Waldegg or Walschaert type, and 
is of course outside, as shown. The valves have 
19 in. lap and 4} in. travel in full gear, while the 
cylinder ports are 12 in. long, the steam and exhaust 
ports being 1} in. and 3} in. wide respectively. The 
arrangement of centre for the leading bogie and also 
of the steam and exhaust pipe connexions are those 
now regularly adopted by Mr. Fairlie. We shall 
probably describe them more fully on a future 
occasion, when we propose to illustrate in greater 
detail the engine of which we are now only giving 
general particulars. 














As in all Mr. Fairlie’s more recent engines, the 
boiler is mounted on a carrier frame which connects 
the leading and trailing bogies, this frame also 
carrying the tanke, of which there are three, namely 
a wing tank on each side and another tank at the 
rear. The tanks hold, collectively, 1200 gallons, 
while the coal bunker carries 3 tons of coal. The 
wheel base of the leading bogie, which has four 
coupled wheels, is 6{t. 6in., while the trailing 
bogie has a wheel base of 6 ft., and its wheels are 
4ft. in diameter. The total wheel base of the 
engine is 22 ft. The engine is fitted with a brake 
which is lied to all the wheels of the trailing 
bogie and two hind wheels of the front bogie. 

The boiler is, as we have stated, of the ordi- 





‘ 
‘ 
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nary type, and it is not distinguished by any special 
proportions, the firebox being kept of the usual 
width. In this t, therefore, the engine does 
not give any idea of one of the leading features of 
the Fairlie system, namely, the facility it affords 
for getting a large firebox and boiler power ona 
narrow gauge. In the engine exhibited the firebox 
surface is 72 square feet, while the barrel contains 
181 tubes, 2in. in diameter outside and 10 ft. 9,% in. 
long, giving an external surface of 1023 square 
feet, and soe, Fm g the total heating surface 1095 square 
feet. The firegrate area is 15.5 square feet and the 
sectional area through the tubes (disregarding 
ferrules) 3.02 square feet, while the smallest dia- 
meter of chimney is 15} in., giving a sectional area 
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FAIRLIE DOUBLE-BOGIE LOCOMOTIVE, AT THE PARIS EXHIBITION. 
CONSTRUCTED BY THE AVONSIDE ENGINE COMPANY, ENGINEERS, BRISTOL, 
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TANK LOCOMOTIVE (3-FT. GAUGE) AT THE PARIS EXHIBITION. 
CONSTRUCTED BY MESSRS. BLACK, HAWTHORN, AND CO., ENGINEERS, GATESHEAD-ON-TYNE. 





Fig. 3. 


of 1.27 square feet. The blast nozzle is 3} in. in 
diameter, and the general proportions of the boiler 
are thus as follows: 
Ratio of grate to heating surface 1: 70.6 
sectionalareathroug! 
- 5.13:1 
area 
12.2 :1 


1:14.2 
4 


= grate to least sectional 


Number of internal diameters in length 
of tubes a eco ane oon Oa 
Ratio of blast nozzle area to piston 
areal. = toe ns ne 1: 18.2 
The weight of the engine empty is 34 tons, and 








in working order 44 tons. We have contented 
curselves with giving here the leading particulars of 
Mr. Fairlie’s engine; but, as we have already 
stated, we hope hereafter to describe it more scr 
As a representative of the system with which Mr. 
Fairlie has indentified himself, the engine 

special interest, although it perhaps does not 
exemplify the capabilities of the system to so strik- 
ing an extent as a Fairlie double-boiler engine for a 
narrow gauge, and fitted with two steam bogies, 
would have done, On the other hand it has the 
advantage of possessing a good roomy footplate, 
while, of course, its arrangement giyes it al] the 





\ flexibility which is such a leading feature in the 
Fairlie item. 

The locomotive exhibited by Messrs. Black, 
Hawthorn, and Co., of Gateshead-on-Tyne, is 82 
admirably finished little tank engine of 3 ft. gauge, 
and is one of eight built by the makers for Messrs. 
Bolckow, Vaughan, and Co., of Middlesbrough, 
some of the engines being at work at Messrs. 
Bolckow’s new steel works at Eston, where they are 
used for conveying ingots to the rolls, while others 
are employed at the same firm’s collieries at 
Binchester for charging the coke ovens. The 
engine is one of a type designed for use on light 
railways, and its general arrangement is shown by 
the engravings on the present and opposite . 
From these views it will be seen that it is a four- 
wheeled engine (all the wheels being coupled) with 
out side cylinders, and it is noticeable for being as 
complete in its fittings as a large’ locomotive, al- 
though it weighs but about 3} tons in working trim. 

The cylinders are 5in. in diameter with 10 in. 
stroke, and the diameter of the wheels being 1 ft. 8 in. 
the tractive force for each pound of effective 


heat : ;, 5*x10_ 
sure per square inch in the pistons is 7 


12.5 1b, The pressure to which the safety valves 
are loaded is 135 lb., and taking 801b. as the mean 
effective cylinder ure available the tractive 
force will 1000 lb. The weight of the engine 
with the tank empty is 6780 1b. and with tank full 
7280 lb., so that there is plenty of weight available 
for adhesion in proportion to the cylinder power. 
At Messrs. Bolckow, Vaughan, and Co.’s works 
there are some very curves—some with as 
small a — = to but the bee os of = 
engine being only 3 ft. it passes round these easily. 
The load which the engine will take on a level (ex- 
clusive of its own weight) is 63 tons, while it will 
take 23 tons up a gradient of 1 in 100, or 15 tons 
up 1 in 50. 

The cylinders are, as we have already mentioned, 
5 in. in diameter with 10 in. stroke, while the ports 
are 3} in. long, the steam ports being § in., and the 
exhaust ports 1} in. wide, The cylinders are slightly 
inclined, and, asin all Messrs, Black, Hawthorn, 
and Co.'s locomotives, they are slid into their places 
from the ends of the frames, The valve motion is of 
the ordinary open-link t and the valves have 
yz in. lap and 2 in. travel in full gear. The crank- 
pins, motion bars, crossheads, piston-rods, valve 
spindles, and tyres are of steel, and all other parts 
of the bir gear which are of iron, are deeply 
case-hardened. 

The boiler has a flush-topped firebox, the firebox 
casing being kept very short and placed close to the 
hind axle, so as to avoid overhang at the trailing 
end, A shield is fastened to the tirebox to protect 
the eccentrics and axle bearings from falling ashes. 
The boiler shell is of Lowmoor iron, the firebox of 
copper and the tubes of brass, The boiler has no 
dome, the steam being collected by a orated 
pipe running the whole length of the The 
regulator is of the slide-valve ‘type, and is situated 
in thesmokebox. The safety valves twoin number, 
and are “5 loaded by a spring. The principal 
— proportions of the boiler are as 
follows : 











512 


ENGINEERING, 


[Jong 28, 1878. 





= 
SE 


Diameter of barrel (inside largest plate) 
Height of centre of poral above rail eo 
iy of firebox at bottom a 
Width i, pe oss 
Height of firebox crown above grate 
Number of tubes... abs = 
Length of tubes between tube plates 
Diameter of tubes (external) ty 
99 on (internal) ... 
- chimney (minimum) 


90 blast nozzle ... 
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Heating surface : Firebox “a 
Tubes (external) 
»» (internal) 
Total with external tube surface... eco 
Grate area... sth i aoe ad 
Flue area through tubes, disregarding 
ferrules... ose ose ad a 
Sectional area of chimney (minimum) ... 
=, of firegrate area to total heating 
surface... 


Ratio of firegrate area to flue area 
through tubes 


ts ale ies -- 6931 
Ratio of firegrate area to least sectional 
area of chimney ... * oat + 14.8:1 
Ratio of firebox surface to external tube 
surface is fon and ue ie 1:53 
Number of internal diameters in length as 
1: 18.2 


oftubes... ou sss ~ aa 
Ratio of blast nozzle area to piston area 

The saddle tank contains 50 gallons of water, and 
the coal bunkers have a capacity of 4} cubic feet. 
The boiler is fed by acouple of injectors. As will 
be seen from our ve apie the whale design of the 
engine is ticularly neat and compact, and the 
workmanship and finish are very good. 

The two remaining locomotives in the British 
Section are the engines for tramway service, exhibited 
by Messrs, Merryweather and Sons, and the Hughes’ 
Locomotive and Tramway Engine Company, of 
Loughborough. ‘There are, however, so many tram- 
way locomotives in the Exhibition, and an examina- 
tion of their peculiarities involves so many special 
considerations, that wedeem it better that they should 
be dealt with in a separate series of articles rather 
than described with locomotives for ordinary railway 
service. We shall, therefore, as we have already 
announced, follow this course, and shall give an 
account of the two engines just mentioned while 
treating of the clags to which they specially belong. 
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THE LATE ACCIDENT IN THE CHANNEL. 
To THE Eprror or ENGINEERING. 

Srm,—From the evidence which we now have from 
German papers, and that of the fishermen who were 
nearest the Konig Wilhelm when she rammed her ill-fated 
consort in the Channel a few days since, it would seem 
that the Konig Wilhelm was proceeding under a rather 
full pressure of steam, but was “ blowing off’’ whilst 
rather slowly wending her way down the Channel. Thus 
far all the evidence goes to prove that she had capable 
officers, and that the actual orders given by her command- 
ing officer at the moment were correct, to avoid the catas- 
trophe which so soon followed the order ; but that the men 
at the wheel could not or did not hear the orders as given, 
** owing to roar of escaping steam.”’ The consequence 
of this misunderstanding we all know to have been most 
dreadful and important. 

If such be the facts, and which I believe will be found 
substantially correct, is it not time that some appliance be 
used on board ocean steamers of all kinds which will permit 
the free discharge of live steam from the boilers under any 
emergency in a quiet and comparatively noiseless manner. 

A Sesplé contrivance to effect this object has been per- 
fected by me, and bas been under test at the Admiralty at 
Portsmouth for some months past. results I inclose 
in a circular which you are at liberty to extract from at 
pleasure. 

My experience shows that if ample area for the escape 
of steam be given, that even under the highest pressures 
attained, the ‘‘ wave sounds” or “‘ roar’’ may be completely 
broken up, and that they will not re-form again if the proper 
attention to curves and outlets be given. To effect my 
object, and yet at the same time to reduce the back pres- 
sure of escaping steam to a minimum point, I provide a 
chamber which may be attached to any convenient steam 
outlet, and which chomiee shall have an area proportioned 
to the steam pipe or valves from which the steam is to 
escape. In this chamber, and near its inlet opening, is a 
copper grating, and between this and a similar copper 
prating near the, outlet opening, I confine a quantity of 


oose spherical particles of glass, stone, of metallic sub- 
stances. erably I use annealed glass beads of } in. to 
fin. diameter. 


When the steam passes through the interstices created 
between these beads, in its escape, it will be found to be 


completely deprived of its ‘‘ roaring’’ quaiities, and if the 
nie “J to curves and areas ‘be observed, these 
sounds will not form again. In fact, so completely are 


these sounds subdued nigh ek. ef undertake to 

te sized ‘‘ quieting chamber’’ of my manu- 
facture to the largest ocean steamer afloat, and allow all her 
their steam through this ‘‘ chamber”’ 


a conversation in ordinary tones of 
understood i 





Can anything be more simple? Iam quite sure nothing 
can be more e: As one of the means of saving life 
and property hereafter by preventing such terrible catas- 
trophes as we have just witnessed in our Channel it may be 
worthy of your notice. 
I am respectfully yours, 

Puitrp Syne Justice. 
14, Southamp!on-buildings, Chancery-lane, London. 








THE CORROSION OF BOILERS. 
To THe Epriror or ENGINEERING. 

Srr,—In the exhaustive article on the above subject 
contained in your issue of the 21st instant, reference is 
made to the use of common washing soda as one of the 
substances recommended for preventing both incrustation 
and corrosion in steam boilers, and you very justly remark 
that its use in too restricted a quantity may do more harm 
than good, because whilst preventing the formation of a 
crust on the plates it may be insufficient to neutralise the 
acids in the water, and thus enables them to act on the 
metal with still greater power. 

This I believe to be the experience of most engineers who 
have tried it, and therefore the proper quantity to be ad- 


ministered should be regulated by a previous analysis of 
the water employed. 
But the system of adding any substance whatever to the 


water inside the boiler, has always appeared to me a mis- 
take, inasmuch as the chemical action set up will, in most 
cases, cause a deposit which, although softer than the 
ordinary incrustation, still requires to be blown out at in- 
tervals. 

Incrustation, as is well known, is mainly due to the pre- 
sence of salts of lime and magnesia, whilst corrosion is 
caused by an excess of acid in the water. 

Now common sense dictates to us that if we can so treat 
the water before it enters the boiler, as to deprive it of both 
salts and acid, we get rid of the sources of the mischief 
altogether, and I respectfully submit that it is pepelty 

racticable to do this by adopting the plan of say So 

eed tank which will hold one day’s supply of water that 
has been purified overnight. 

The result of a number of experiments has convinced me 
that soda is a most efficient as well as a most easily man- 
ageable agent for preventing incrustation or corrosion, but 
it should be in a caustic condition, and in solution. 

If any one will take the trouble to carry out the follow- 
ing experiment, he cannot fail to see the advantage of 
using it. 

In one litre of water dissolve 1000 grains of pure caustic 
soda. Each cubic centimetre of the solution will then 
contain one grain of caustic soda. 

To a gallon of Thames water pumped from the river at 
high tide, add 20 cubic centimetres of the solution, and 
after allowing the mixture to stand for about half an hour, 
a copious precipitate will be deposited. This consists of 
lime and magnesia, together with iron, clay, and other im- 

urities contained in the water, and when dried will be 

ound to weigh from 20 to 22 grains. 

Now, in large works using, say, 5000 gallons of water per 
diem, 22 grains per gallon representa mass of solid matter 
no less than 13 1b. in weight, arrested in its passage to the 
boiler during the day, and of which a large proportion 
would otherwise have gone to form an incrustation on the 
plates. In fact, by this process a perfectly soft and slightly 
alkaline water is obtained, leaving scarcely any solid residue 
after evaporation, and containing nothing which could b 
any possibility either corrode the boiler or form a deposit 
upon it. 

PRY adding the caustic soda to the water overnight, as 
suggested, the sediment has ample time to subside, and the 
supernatant clear water may be drawn off without dis- 
turbing it. 

Of course the deposit should be run off from the bottom 
of the tank every night before treating the fresh supply of 
water. 

It may be objected that this process makes a consider- 
able addition to the duties of the engineer, but to any one 
acquainted with the routine of a large faetory, such an 
objection will carry little weight, as compared with the 
labour, expense, loss of time, and injury to the plates in- 
volved in chipping off the accumulated incrustation of 


several months from a iler. 
I am, Sir, &c., 
R. G. Buunt, 


Chemist to the Patent Plumbago Crucible Company. 
Battersea, June 26, 1878. 








WATERLOO BRIDGE. 
To THE EprToR oF ENGINEERING. 

S1r,—Our two remaining stone metropolitan bridges, 
London and Waterloo, both works of that great master of 
our craft, the elder Rennie, have given rise of late to so 
much speculation and controversy that the following facts 
connected with the last may prove of interest. The failure 
of our old bridges and the apparent hazardous state of the 
foundations of the remainder, have been brought about 
mainly by the removal of old London Bridge ; the effect of 
the T es Embankments, if any, is too recent and con- 
jectural to be taken into account. There is no analogy 

tween the condition of the foundations of Rennie’s 
bridges and the failure of old Blackfriars and Westminster, 
as so generally assumed, for the following reasons. 

Rennie’s bridges, London, Southwark, and Waterloo, 
were all founded in cofferdams on platforms supported by 
long whole timber bearing piles driven very close her 
and down to the solid substrata. Blackfriars and West- 
minster were both founded without cofferdams on platforms 
which had formed the bottoms of the caissons in which the 
lower courses of the piers were floated out into position ; 
Blackfriars on bearing piles, Westminster without such 
additional supports, but the i piles were very 


Y | proved the great 





short and wide a; and not comparable to Rennie’s piled 
foundations, oa Westminster from the areas dredged 
not being sufficiently ample, the edges of the caissons 
grounded the side slopes of the cuttings, and with 
several of the piers the margins of the platforms were bent 
up around the footings from this cause, showing how 
doubtful and circumscribed was the bed on which they 
had grounded. 

The statical condition of Waterloo Bridge is now very 
different at low water to what it was when finished by 
Rennie, for the low-water level has been lowered a yard 
vertically and the river bed correspondingly, the result of 
a gradual process extending over nearly half a century, and 
this has been endeavoured to be met by the deposit of a 
marginal sloping bank of rough Kentish rag stone blocks 
around each pier, to the detriment of the conservancy and 
a of the river ; the stability of the piers of un- 
equal depth below low water being dependent on the pre- 
servation of the river bed above the heads of the bearing 
piles. Now the insistent weight on the base area of each 
pier amounts to about 12,000 tons ; there are twenty-one 
piles longitudinally and nine transversely to each pier, 

ual to one hundred and eighty-nine bearing piles to each, 
which have thus to bear individually sixty-three tons. This 
no doubt is a great weight, but is eq in other similar 
structures ; for instance, the Royal Border Bridge on the 
York, Newcastle, and Berwick Railway has an insistent 
weight of 70 tons per pile, but the piles in that case are 
longer (40 ft. each), whilst the Waterloo Bridge piles are 
21 ft. each. As the piles of Waterloo Bridge are, however, 
only 3 ft. apart, it is clear thatas long as the river bed 
remains above their heads, they are not actually subject to 
such a pressure as that above estimated, as the whole area 
under the platform is compressed together and takes on 
each foot super its proportion of weight; the platform of 
each pier 80 ft. by 30 ft., or 2400 ft. superficial, has there- 
fore an incumbent weight of five tons per foot super only, a 
moderate weight compared with others, the Hungerford 
or Charing Cross iron lattice bridge exercising a pressure 
of eight tons per foot super on the horizontal superficial 
area of the cylinder foundations, somewhat reduced by the 
side friction resultant on their great penetration below the 
river bed, this reduction being lessened as the river bed 
deepens. It is, therefore, clear as daylight that unless the 
low-water régime is very much altered and the bed unduly 
lowered, that the bridge is perfectly safe. The best pos- 
sible proof that the structure has hitherto experienced no 
practical settlement is shown by a critical examination of 
its beautiful horizontal superstructural line, and to pre- 
serve this without detriment to the river must be the desire 
of all taking an interest in our metropolis. 

Mr. Fulton (in the Times) has characterised the sugges- 
tion of surrounding each deep pier with a margin of 
cylinders in perhaps hypercritical terms, but there are 
several very serious objections to such a course, which 
no doubt will operate in the abandonment of such a plan. 
It would in the first place be accompanied by very great 

, as I have found at Gravesend and elsewhere, in 
sinking cylinders. The great difficulty in an alluvial soil 
with a head of water operating thereon, is to get the 
cylinder down without removing more soil than is due to its 
cubical displacement, which is seldom or never done. At 
Gravesend, at the yal Terrace Pier, where I sank 
cylinders between 1842 and 1844, the first successful appli- 
cation of such a method for submarine foundations and the 
pioneers of a system since extended all over the world, this 
ractical difficulty, and it would certainly 
lead to great peril when dealing with the sands and gravel 
underlying the platforms of Waterloo Bridge. - 

The next objection is, that when finished, as the channel 
under the bri gee deepened, they would still further narrow 
the waterway, little enough now for the increasing steam- 
boat traffic. 

Thirdly, they would in miniature resemble the “ star- 
lings’’ of old London Bridge, and be productive of eddies 
and overfalls and a hindrance to navigation. 

The five deep-water piers might at a much less cost be 
each surrounded by a low-water cast-iron casing of grooved 
piles and plates driven welt down into the London clay, 
and affording the same protection. 

Or for a still less sum five arches might be protected 
each Ke an invert of concrete blocks 3 ft. in depth springin 
from the tops of the pier footings and extending up an 
down stream to the lines of the projections of the cutwaters 
and the margin above and once) cag apg by piling. 

In its present condition the bridge is no doubt a hindrance 
to the full, free, and proper development of the low-water 
régime of the river, and this is apparent from a glance at 
the last Admiralty chart of the river corrected by the Con- 
servancy authorities ; for in the deep t of the channel 
above and below the bridge, the no depth is from 10 ft. 
to 11 ft. at low water, whilst through the sole navigable 
arch at that period, viz., that on the Middlesex side next 
the Embankment, there is only 8 ft. 

Early bridge construction has proved in London, as on 
the Tiber, Clyde, and elsewhere, antagonistic to modern 
river conservancy, but it is no reflection on the engineers 
and architects of bygone B cneges that they founded 
their bridge piers in acco ce with their experience of 
the rivers they crossed, and Rennie’s London Bridge with 
piles 30 ft. long and 3 ft. apart, and Southwark with piles 
22 ft. long, and from 2 ft. to 2 ft. Gin. apart, are, like 
Waterloo, enduring monuments to the sagacity of their 
founder, and likely to ae remain standing proofs of his 
ability. am, Sir, yours truly, 

J.B. RepMAN. 
8, Great Queen-street, Westminster, S.W. June 24, 1878. 








Bet@ian Ratt Exports.—The value of the rails ex- 
ported from Belgium in the first four months of this year 
exhibited a decrease of 57,4001. as compared with the 
corresponding period of 1877. 
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TRADE MARKS IN AUSTRALIA. 
To THE EprTorR OF ENGINEERING. 
S1r,—I have received from Mr. Edward Waters, of 
Melbourne, a letter pointing out the importance to British 
firms of registering their trade marks in the Australian 
colonies. 

Believing the subject \te;be.onethat must deeply affect 
the interests of many of your readers, I am induced to 
send you the following extract from Mr. Waters’s letter. 
He says: Fe 

‘‘ Notices are ftéquently appearing in the Australian 
newspapers warning people against the use of the advertisers’ 
trade marks, such advertisers being apparently in blissful 
ignorance of the fact that by reason of their not availing 
themselves of the provisions of the local Acts they have no 
legal locus standi whatever. In Victoria, New South 
Wales, New Zealand, Queensland, South Australia, and 
Tasmania, there are Acts for the registration of trade 
marks. In the three first named, on is compul- 
sory before any proceedings can be taken. ‘In Victoria, a 
registration once effected can he called into question at 
any time within five years ; but in New South Wales, New 
Zealand, and Queensland, it would seem that if once the 
registration can be effected, there is no power. whatever for 
altering that registration ; although the parece registering 
may have not the slightest moral right to call the trade 
mark his own. I have heard that a tobacco manu- 
facturers in Sydney has registered one of the famous brands 
of American tobacco, and has actually prevented the real 
proprietor of such brands from sending his goods into New 
South Wales. ‘ 

‘‘ But perhaps some may say, Whatis the use of registering 
when you don’t know whether your mark will ever be pirated? 
To which I reply, What will be the use of attempting to re- 


gister when, possibly some i has taken time by the | } 
t + 


; evenif hé have 
at attempting to re- 


forelock and forestalled you ? 

simply put your mark on his goods, 
gister, from four to six months must e 
intelligence of the fact. before your mark could be protected: 
How then about all the goods that could be. sold in the 
meantime? I say, therefore, without fear of, contradiction, 


that it is the interest of those British merchants and others | 8° 


trading with the Australian colonies to register their trade 
marks under the local Acts as soon as possible.’’ 

It may be useful to add to the above quotation that the 
mode of procedure is perfectly well known to all the 
leading patent agents in London. 

I am, Sir, your obedient Servant, 
W. Lioyp WIszE. 

Chandos Chambers, Adelphi, W.C., June 7, 1878. 








STRENGTH OF BOILER FLUE TUBES. 
To THE EpITOR OF ENGINEERING. 

Str,—I would, with your permission, add a few words 
of explanation with reference to the new formula alluded) té 
in my last letter in your number of the 14th inst. 

My reason for stating that the separate element, of longi- 
tudinal resistance to collapse of flue tubes should comprise, 
asa factor, the square of the length, is as follows; In the first 
place, I take it that the total longitudinal resistanee, R, mea- 
sured by the total pressure on the resisting » Varies 


inversely as the length, or as é Secondly, the resistance 


per unit of length is as the length inversely, arid°as the 
whole resistance directly ; or as gage 


1 xR= 1 x = =, 
U tS ¢8 . 
It follows that the resistance measured in pounds per 
square inch varies as 4 and that, assuming that the 


longitudinal resistance to collapse varies inversely as the 

length, the pressure in pounds per square inch that may be 

resisted longitudinally, varies inversely as the square of 
the length. 

Iam, Sir, yours faithfully, = 

D. K. Cuarx, 

8, Buckingham-street, Adelphia, W.C., June 24, 1878. 





FEED-WATER HEATER, 
To THE EDITOR OF ENGINEERING. 

S1r,—We think the letter of Messrs. Millar and Durie, 
in your last impression, scarcely requires any notice at our 
hands as regards the construction and relative advantages 
of their heater and Atkinson’s, as any one on comparin the 
two designs cannot fail to see (as Messrs. Millar and Durie 
themselves admit) ‘‘the advantage gained in simplicity 
of construction’’ by Atkinson's patent ; while we can show 
that in actual work the water is heated to.an ein of 
210 deg. This result speaks for itself; but it was chiefly 
to a commercial point of view that Messrs. Millar and Durie 
drew the attentionof your readers. With regard to that 
we have only to say, that the “ simplicity of construction,”’ 
gives us no inconsiderable advantage in offering them to 


the public. 
Yours faithfully, 
CATER, WALKER, AND Son, 
Grove, Southwark, London, 8.E., June 17, 1878. 





To Tue Epiror or ENGINEERING. 
S1r,—Would you kindly give me a litile s 


e to reply 
to Messrs. Millar and Durie’s letter in your 


t issue re- 


garding the respective merits of our feed-water heaters, 
their inferences being so misleading that I should be very 
sorry to see them pass unquestioned. 

I was fully aware of heaters being constructed as shown 
in their sketch, and it was to obviate certain defects in this 
and other arrangements that I took out my Bees 

The advantageI gain in the “‘simplicity of constraction’’ 





° per 
se after you received | PY fonr times the weight of dry steam ; add to this the loss 


with which they obligingly credit my arrangement, car- 
ries with it the inovitabke result of reducing the cost o! 
manufacture, a fact which they probably overlocked, and 
which is so considerable as to amply provide for a good 
profit on my patent in the shape of ‘‘ royalties’ or other- 
wise, without the ‘‘ public’ having to pay more than they 
should otherwise do for other apparatus which would not 
give such good results as mine will. I have only one main 
joint in place of their two, one tube plate instead of their 
two, half the number of tube holes to bore, a simple cast- 
ing and instead of circulating tubes of one-half the area 
of the large tubes, I put them in one-fiftieth of that area. 
I think I may safely state that by no other known means 
can a certain’ amount of heating surface be placed in a 
heater so 1 it,can under my patent, and I think 
also that I s be able to prove that it is equally 
effective. 

Your correspondents speak of the hot steam being first 
conducted to the top of their heater, ignoring the fact that 
exhaust steam cannot possibly have any temperature bat 
that due to saturated steam at the pressure it is at in the 
tubes ; whether it is at the top or bottom of them, it cannot 
be more, there being always water present with it, and it 
cannot be less, or a portion of it would condense and run 
away ; the blast pipe arrangement of their inner tubes will 
give the steam a fisher mpssonys at the immediate tops of 
the heating tubes, and thns cause a very few degrees in- 
crease in temperature on these small en, but it is at 
the expense of a serious back pressure on the piston of the 
engine. In my heater the bulk of the exhaust steam 
passes freely away in “an entirely unchecked straight 
course, through the lower part; in theirs its direction is 
completely changed four times, at each change losing the 
momentum which it is ‘‘ compelled’ (using their own 
word) to acquire from back pressure: it is thus ‘‘ com- 
” to travel at a speed varying from half a mile to 
one'mile per minute, even after allowing for the 20 to 30 
‘cent. increased area of tubes, and its weight is three 


due to the conflicting currents in the upper ends of their 
tubes, with the friction in passing through them, and we 
€ ati aggregate loss, which must require some consider- 
able back pressure to force the steam through ; take it at 
only 11b., and the mean pressure on the piston at 25 1b., it 
is 4 per cent. of the available power of the engine ; also a 
correspondingly greater weight of steam is required to do 
the work. 

I have not the slightest doubt but that good results have 
been obtained in America as'well as here by their heaters, 
as a good heater should under ordinary circumstances save 
20 per cent. of the fuel, this leaves a margin to cover a 
smaller loss from back pressure and still show a good 
result, even if this loss is not overlooked, as it usually is ; 
if, however, it is entirely removed, as in my neater, there 
must of necessity be a more satisfactory result. 

Where bad water is used there is no means provided for 
cleaning out their heaters, whilst I haye a large manhole 
in the top for this purpose, making it an easy process. 
This makes it advisable to screw the tubes into the tube 
nae to prevent any rough usage they ne | get doing any 

amageé ; it costs"a little more, but is well worth the out- 
lay ; a8 there is no portion likely to wear out for a very lon 
time, and I doubt if Messrs. Mi and Durie or myse 
will ever, live to see one ‘‘ broken up’’ from this cause, 
unless itis in a dase where the water actually eats the 
plates away. : : 

T have ‘purposely avoided touching upon any point not 

ised in your correspondent’s letter, so as to make my 
letter as concise as I could, whilst the importance of the 
subjest and the deservedly increasing interest taken in it 
will, 1 trust, absolye me from all question of needlessly 
taking up your valuable space. 

~ “Tan, Sir, yours fgithfully, 
JamMESs ATKINSON, 

74, Springdale-road, Stoke Newington, June, 18, 1878. 


COMPOUND: MILL ENGINES, 
To THE EDITOR OF ENGINEERING. 

S1r,—Referring to the trial of a compound mill engine, 
recorded at page 386 of your issue for May 17, in which it 
is stated that a vacniami of 28.2 in. was obtained (measured 
by mercurial gauge), it would add much to the value of the 
information given if you would be kind enough to state the 
height of the barometer at the time and place of trial. In 
fact, without this , the amount of vacuum is not 
of any interest. Yours obediently, 


W. ScuonnEYDER. 
London, June 17, 1878. : 
[Perhaps Messrs. Holborrow and Co. can supply this in- 
formation, or can state the difference which generally 
exists between the reading of the barometer and of the 
vacuum gauge in the case of the engine in question.— 


e 











RAISING SUNKEN SHIPS. 
To THE EDITOR oF ENGINEERING, 

Srr,—I have read with much interest Mr. John Dixon’s 
letter on the above subject. The failures which have 
attended 
feeling of uneasiness throughout the country as to the 
engineering ability of those in office. No doubt they have 
done all they could with the means at their command, but 
the recent. failures have proved that those means are not 
adequate for the ie of cases. I think that your 
correspondent, Mr. Dixon, has thrown 

suggestions’ which 
are some practical di ties in the way 
plan, viz., the structure which he proposes to build 

about 150 ft. high, and he suggests to float it to its place in 
an upright position ; few of our harbours will float more 


of Mr. Dixon’s 





than 30:ft., this would ay otal tame of 120 ft., 
which would be obviously ex ly dangerous, as it 


f | be the na 


the raising of sunken ironclads have raised a! of 1 


ont valuable | i 
int in the proper direction. There | i 


will be } i 


513 
would be in unstable equilibrium. Apetnes. diGiwelty posld 
the water The blowing ah Solent &. tye 

6 wa! e. e blo ° a waste .o 
money. However, these difficulties t be overcome, as 
the main principle of having water 
is correct. I would su the same. prin * 28. 
Mr. Dixon, but carried ont in a different manner. ‘A 
double barge might bé built, the lower ion enti 
pe cried Og the upper and to it by ‘means of 
cables. The lower to be in the form of a square, 
having at each cornera cast-iron cylinder bolted ; the upper 
barge, which would be a substantial erection of lattice 
f ers plated on the outside, would be in the form of an 

; the crosspiece to be an enormons lattice girder, and at 
each corner there would be an through which the 
cast-iron cylinders in the lower would project. This 
double barge would be moored at the bow, and a similar 
one at the stern. The lower b: would’ be let down 
until the cylinder just projected a the deck of the 
upper barge. There n not be any great strain on the 

ins which hold it, as by suitable valves it could be 
made just to sink: Another tier of cylinders could be 
bolted, one at each corner, and then lowered again, and so 
on until the» bottom re the bottom. The 
bottom barge could then be filled with water by suitable 
valves, and by means of concrete or by aid of divers it 


atforms above 1 


could een ed eae eee uare girder on the 
top of each column by suitable hydraulic gear, the up 
could be elevated above yee By tably 
eas 


desi ' the upper barge it could be rapidly and- 
secured to the columns ; once secured ‘be chains woul 
suspend from the centre of the cross girder. An extra 
small tube could be provided which would allow the divers 
to descend and which would also contain the rods for 
working the valves of the lower barge. When the ship was 
raised the upper structure could be lowered by raising it 
slightly and taking out the cylinders two at a time. One 
of these double barges with machinery might cost 25,000/. 
There would require to be a tug to carry the cast-iron 
cylinders. The lower could be easily lifted by pump- 
ing the water out and taking off the cylinders one by one. 

e whole arrangement might cost’ 50;000U., but then it 
would be, if properly designed: and controlled, not by 
superannuated sea oo tp) but by scientific engineers, a 
permanent affair and a certain means of performing the 
operation of lifting a sunken ironclad. 

I must apologise for intruding so much on your valuable 
space, 

I am, Sir, yours truly, 
Joun Locxrn, Wh. Sc. 
82, Rernard-street, Leith, June 18, 1878. 





ELECTRICAL AND MAGNETIC 
PHENOMENA. 
To THE Eprror OF ENGINEERING. 

Sr1r,—I should be glad of a small space in your next 
issue to make a few remarks in reply to Mr. Robert 
Millar’s letter in last week’s ENGINEERING, in reference 
to the above subject. -If itis not made sufficiently clear in 
my former letter, I wish now to point out that I do not in 
any way advance anything so chimerical as the notion that 
all, or even a of the occur 
in collieries electricity, acting 
upon chambers of explosive gas, either in the goafs or 


e 
elsewhere. This is not at all what I would wish to be 
sidered the 


practi 

the idea that they are capable, in their periods of intenser 
activity, of exerting an influence upon such bodies tendin 
oe and so of displacing them from th 
chambers. 

From a close observation of the electric phenomenon 
operating upon the magnetic needle there appears to me 
to be not merely a passive influence, but an activ am tyron 
in constant operation; and from all experience the 

henomenon it is an active force of tly varying in- 
jee ty ; at such 9% therefore, is os quite clear — 

ey are incapable becoming agents in occasionally 
gs about these disasters ? 

F Siicens very sensitive to the impulse of force Ly N 
upon them. I have observed at a canal lock, after the 

t has been drawn i the high-water end 


upper door closes with somewhat of a im that 
the force of upon the water above is 
such that I have traced the wave caused upwards 


against the flow of the water to 
yards from the lock door ; 
ground I have frequently observed the same wave of re- 
action, from the closing of an airway door, at a distance 


of upwards of 800 yards. 

r. Millar 5 of gas existing in avacwum at a 
ressure of 185 lb. persquare inch! Ofcourse this cannot 
exactly what he means, for as his statement stands it 
can no more be true than isa parallel statement that the 


steam in the dome of a steam boiler, a 
35 lb. per square inch is in a vacwwm I take 
him to mean is this, that carburetted gas has 





Dowlais, June 25, 1878, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Government Telegraphs and the Service at Leeds.—A 
special meeting of the Parliamentary Committee of the Leeds 
Town Council, has been held to consider the Telegraphs 
Bill introduced into the House of Lords before Lord 
Chancellor Cairns. It was explained that the Bill proposed 
to take from the governing bodies of towns, the absolute 
power now in their hands, to prevent the erection of 
telegraph posts, wires, &c. Strong opinions were expressed 
against the Bill, and it is expected that it will be opposed 
by the Leeds Corporation. 

Barnsley—Local Government Inquiry.-—A local govern- 
ment inquiry has taken place at Barnsley before Mr. A. 
Taylor in respect to an application made before the Corpo- 
ration to borrow 50,000/. for sewerage purposes, water 
supply, market extension, street improvement, &c. Mr. 
Hanson explained the plans laid on the table, amongst them 
being those for separating the storm water from the 
sewage. There was no opposition to the loan, and the in- 
spector will report to the board, after which tenders will 
be issued for the works. 

Baths and Wash-Houses.—It has been resolved to bui d 
public baths and wash-houses in . 


Derbyshire Institute of Mining, Civil, and Mechanical 
Engineers.—The annual meeting of this Institute has been 
held, under the presidency of Lord Edward Cavendish. 
Mr. W. F. Howard, the secretary, read a report from 
which it appeared that the number of members of all classes 
during the past year was 310, that the cash receipts had 
been 5221. 7s. 8a, and payments 3681. 10s. 4d., and that 
the cash balance at the to the credit of the association 
was 556/. 9s. 7d. The te amount received in the 
seven years the Institute been in existence from life 
members*and entrance fees had been 4001. 13s. 6d., and this 
it was proposed should be invested as a sort of reserved 
fund, and not be applied to the current expenses of the 
Institution. The chairman, in the course of his introdac- 
tory address, said the past year had been one of great de- 
pression of trade, which must of necessity have an effect 
upon an institution like this to some extent ; nevertheless, 
it was tifying to find that there had not been any 
falling off in membership, notwithstanding the fact that 
the subscription of qualification was higher now than 
it used to be; and it might now be considered that the 
Institute was now fairly started and firmly on its legs. 
With respect to the papers which had formed matters of 
discussion during the past year, there was one in particular 
which had given rise to more than ordinary discussion at 
several meetings ; he alluded to the subject of spontaneous 
combustion. After reading the other day of the large loss 
of life that had taken place, nets Sem this cause, 
and seeing that many of the explosions that happened were 
supposed to be from the same cause, it was a subject which 
must of necessity be a very prominent and constant one 
before such institutes as this. Many useful pa had 
here been read on other subjects, they had elictted @ 1 great 
amount of discussion, and he did not doubt that a great 
deal of good had resulted from them. He was glad to say 
that a considerable number of those gentlemen who had 
been solicited to contribute papers, had replied favourably. 
Some people had ventured to say that no very great dis- 
coveries would be made in the future, but one paper which 
had been contributed, had shown most conclusively that the 
age of discovery was not over, as instanced in the telephone, 
and in all probability in the course of a few years we should 
see still greater wonders which it was the province of 
science to reveal. The routine business of the society was 
then proceeded with, and in the evening a dinner was held 
at the Angel Hotel, Chesterfield. The President, in 
replying to the toast of the evening, ‘‘ Success to the In- 
stitute,’ said: ‘‘ At the beginning of the present reign he 
believed there were scarcely any railways in existenve, but 
now, in the forty-first year, they saw the country a perfect 
network of railways extending in every direction ; and if 
they took other branches of engineering, they found them 
all progressing to an extent never contemplated forty 
years ago. He could not but believe that great as those 
works had been, they would still be extended and increased, 
rapid as the progress hitherto had been. There was no 
country naturally richer than England, which possessed 
almost inexhaustible stores of coal and iron ; and also an 
intelligent nie to work them ; and he thonght it 
might be safely predicted that the effect of the education 
now being given to the people would be to improve that 
intelligence, and direct it more effectively to the work. 
They possessed also a body of gentlemen which the society 
that was the subject of the toast might be held to represent, 
who were e in directing that intelligence, and 
devising means whereby the wealth to which he had referred 
might be rendered more readily available,’’ 


Gas aT MILWauKEE.—The street lamps of Milwaukee 
are to be lighted this year at 15} dols. per lamp. 


Speep or Frencn Steamers.—The ayerage distance 
ran in 1877 by each of the steamers of the Messageries Mari- 
times was 10,579 marine leagues. This was rather less 
than the corresponding average distance run in 1876, the 
difference between one year and another being 4 per cent. 
The postal services undertaken by the company were carried 
out with exactitude in 1877; the prescribed for the 
arrival of steamers were, indeed, frequently anticipated. 
Everywhere the speeds attained by the company’s ships 
exceeded the rates specified in the contracts. The average 
speed in 1877 Ly oe the og *s Transatlantic lines was 
11.77 knots per hour ; upon the Indo-China line 11.40 knots 
per hour; and upon the Mediterranean lines 11.00 knots 
per hour. The average speed on the whole of the company’s 
services last year was 10.72 knots per hour. The corre- 
sponding average in 1876, was 10.68 knots per hour ; and in 
1875, 10.50 knots per hour. 














THE HELIX FURNACE FEEDER, AT THE PARIS EXHIBITION. 


CONSTRUCTED BY THE HELIX FURNACE FEEDER COMPANY, LANCASTER. 








We illustrate, above, by two engravings taken from 
photographs, a new form of furnace-feeding apparatus 


which has been designed by Mr. Holroyd Smith, of | 
| gearing with a worm on the cross shaft seen in Fig. 1, 


Halifax, and which is shown at the Paris Exhibition by 
its makers, the Helix Furnace Feeder Company, of Lan- 
caster. The arrangement contains some points of interest. 
Fig. 1 shows the front of the fire-door and the driving 
gear for the feeding apparatus, Fig. 2 shows the top of 
the grate, with the back of the furnace front and door. 
It will be seen (Fig. 1) that a cast-iron trough is placed 
across the furnace front below the door, to which trough, 
fuel is passed through a hopper, placed sufficiently on one 
side to allow the door to be opened as usual. Along this 
trough lies a spindle, carrying two rough cast-iron 
worms, which receive an intermittent motion from the 
little link seen to the right in Fig. 1, and so serve to 
distribute the fuel sideways. Below this cross spindle 
lie the ends of three large cast-iron taper screws (one of 








rit 
el ‘von, F 
my 


~ 


which is shown separately in Fig. 3), which work in 
troughs carried along nearly the whole length of the 
furnace. On the front of each of these is a screw wheel 


which receives a continuous rotation from one of the 
pulleys shown. A fourth screw wheel (the one to the 
left in Fig. 1) is driven from one of the others, and is for 
the purpose of communicating a slow reciprocating 
motion to the firebars, in the direction of their length. 
Each of the four wheels is fitted with a clutch, so that 
each can be thrown out of or into gear separately if re- 
quired ; the clutches, together with the frame containing 
the outer bearings of the spindles, being omitted in our 


| engraving for clearness’ sake. 


The grate itself (see Fig. 2) consists of three pairs of 
broad perforated bars, having projecting pieces at their 
back ends, which serve as guides for their longitudinal 
motion. Between and below each pair of bars, in a cast- 
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STONE SAWING ENGINE. 


CONSTRUCTED BY MESSRS. BEVERLEY AND ATKINS, ENGINEERS, SHEFFIELD. 
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iron trough (see Fig. 1), works one of the feeding screws. 
The back part of the grate is a perforated rectangular 
casting which can be tilted by the hand lever just seen 
below the front of the apparatus in Fig. 1. 

The screws are intended to carry the fuel gradually 
and continuously forwards and upwards, air being 
admitted through the bars. The fuel will thus get 
gradually heated, and it is expected that the hydro- 
carbons will be burnt to considerable advantage, a matter 
certainly of great importance in dealing with many of 
our coals. At the same time the combustion should be 
perfect enough to prevent, practically, any smoke forma- 
tion, Any ash or unburnt matter accumulating at the back 
of the grate can be removed by tilting the back piece, as 
shown in Fig. 1. 

We are not in possession of any details of the results 
of working with Mr. Smith’s arrangement, but it appears 
to have several good points about it, and we shall be glad 
to hear that it is successful in practice. 








STONE SAWING ENGINE. 

We illustrate above a handy little engine for sawing 
stone designed and constructed by Messrs. Beverley and 
Atkins, of Sheffield. The engine has a 7-in. cylinder with 
a stroke of 24 in., the long stroke being adopted, so that 
the crosshead may be coupled to the saw frame. A 
crosshead with dog-crank is used to give motion to 
the crankshaft, this shaft carrying a flywheel to give 
regularity of motion, and also serving to drive the slide 


IAI 
| 


| 
im 











valve and governor in the usual way. A provision is 
made for varying the speed of the governor by the em- 
ployment of a grooved cone pulley and a driving cord, a 
weight hanging in the loop of the cord taking up the slack 
as the cord is shifted from one groove to the other. The 
object of the arrangement is to vary the of the 
engine—according to the nature of the stone which is 
being sawn—from 30 to 50 revolutions per minute. The 
crankshaft also carries outside the flywheel a set of cone 
pulleys for operating the downward feed of the saw 
frame. 

It will be noticed that the valve chest is cast on the 
cylinder below the centre line, the ports being 
arranged so that the cylinder is drained through the ex- 
haust, and there is no necessity for drain cocks. The 
attachment to the saw frame is made by a connecting rod 
jointed to the lug shown on the slotted crosshead. The 
engine we illustrate is capable of working twenty saws, 
and it is of very good design, and conveniently arranged 
for its work. 





New Sourn WetsH Coau.—The action of coal from 
the Hunter Collieries, New South Wales, for the —e 
ending March 15th, amounted to 46,269 tons. Of 
total 10,824 tons were shipped to Sydney and 
South Welsh ports, 2835 tons to South A: ia, 
to Tasmania, 149 tons to Queensland, 7010 tons 


to 
Zealand, 6063 tons Se files 


and the East, 681 tons to Tahiti, and 
Francisco, while 851 tons were taken by 
1525 tons were supplied for home consumption. 


tons to 


| 


SHARPENING FILES. 

Mr. B. C. Trng@Hman has recently discovered another 
and interesting ns of the sand blast to 
industrial purposes. He -has found that by subjecting worn 
files to the action of the jet, the cutting — are rapidly 
renewed, and the file is made sharper than when new. The 

rocess is as follows: A stream of fine sand impelled at a 

igh velocity by a jet of steam is applied to a file in the 
manner shown in the sketch, Fig. 1, at an angle of from 
10 deg. to 15 deg. from its face ; the file being moved about 
go asee . a snd Led aw ‘whegs ) yom 
is very fine grit prepared by washing and settling. It is used 
in the state of very soft slime drawn from a receiver, as 
shown in the sketch. 

The effect upon the teeth of a file which has become dull 
by wear, is to grind away some of the m from the in- 
clined sides of the teeth so as to reproduce acutting edge, 
as shown by Fig. 2. In this sketch the lines aa show the 
flat surfaces produced by wear on the points of the teeth ; 
the dotted lines b b show the new surfaces produced by 
the grinding action of the sand, and the new cutting edges 
produced where this surface meets the vertical sides of the 
The bottom diagram, Fig. 3, shows the action of the 
blast on a new file. In this case it removes the burr on 
each tooth, bringing it to a much sharper edge. 

A comparative trial of the cuttin wer of the shar 
pened files was ena | made with the 40 lowing results: A 
- of soft wrought iron. was filed clean and weighed ; 

200 strokes were made by a skilled workman with one 
side of a new 10 in. file, the iron was again weighed, 
and the loss noted. The other side of this file was then 
subjected to the sand blast for five seconds, and 1200 strokes 
were made with this sand-blasted side on the same piece 
of iron, great care being taken to give strokes of equal 
length and pressure in both cases. The iron was then 
jee poe and the loss found to be double as much as in the 
first case. 





These operations were 
the strokes and weighing the metal each time, and the 
quantity cut was found to gradually become less for both 


ted many times, counting 


sides as these worn. When the weight of metal 
cut away by 1200 strokes of the sand-blasted side was 
found to be no greater than had been cut by the first 1200 
strokes of the ordinary side when quite new, a second sand 
blasting was applied to it for 10 seconds, and in the next 
1200 strokes its rate of cutting rose to nearly its first figure. 
When the cut made by the ordinary side of the file fell to 
about four-tenths of its cut when new, it was considered by 
the wor! as worn out, a new of the same size 
and maker was used to continue the comparison with the 
one sand-blasted side ; 83 sets of 1200 strokes each, and 13 
sand blastings were made on the same side of this file, and 
in that time itcut as much metal as six ordinary sides. In 
99,600 strokes it cut away 14 0z. avoirdupois of wrought 
iron, and 16.4 oz. of steel. 

With an equal number of strokes its average rate of cut- 


ting was, on ht iron, 50 per cent. greater than the 
average of the ordinary sides, and on steel 20 per cent. 
greater. As the teeth @ more worn, the time of the 


new. 
When the teeth become so much worn that the sand 
blast ceases to sharpen them effectively, the file can be 
recut in the usual way, and each set of teeth can be made to 
do six times as much work as an ordinary file, and to do it 
with less time enaiete, Sean mn tae ses memes. 
stantly kept s! " ime required to sharpen a worn-ou 
en Bastard tie is about four minutes, or proportionatel, 
less if sharpened before being i worn out. Smoot 
require much less time. 4 horse power of 


60 Ib. steam used during four minutes, and one pi 








pint 
minute of sand (passed through a No. 120 sieve), and the 
time ofaboy are the elements of cost of the operation. 
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JETTIES AT MALTA HARBOUR. 


We publish this week a two-page plate, showing the 
details of jetties constructed at Malta Harbour. After 
the works of the extension of the great harbour at Malta 
were completed in 1870, it was found necessary to in- 
crease its facilities by, constructing two jetties in 
front of the new wharf on the south side. These 
jetties were 100 ft. wide and 70 ft. and 125 ft. in length 
respectively, and were constructed of five-ton masonry 
blocks. set under water’ -by divers. The tions 
were commenced by dredging and removing the mud 
by ‘divers from the rock forming the site of the walls, 
a work which required much attention and care. Upon 
the rock thus cleaned a bed of concrete was laid, this 
concrete ne brought in barges and lowered in tripping 
boxes. Upon this concrete the blocks were set by divers. 

The ayo g was supported upon piles provided with 
long and heavy shoes which were dropped into holes 
drilled in the rock, the lateral stability being provided for 
by chain guys fixed to pins in the rock. The blocks 
were backed up by concrete and hand-packed. rubble 
stone. The upper vb of the wall was finished by 
coursed masonry in Puzzolana mortar in the usual way. 

The blocks were formed of courses, about 14 in. thick, 
the beds being made in Portland cement, and the joints 
in Puzzolana mortar. Grooves were cut in the ends of 
the blocks which formed joggle holes, subsequently 
filled up with spawls by the divers. The blocks were 
generally 98 cubic feet each. 

Jetty No. 1 contained 180. blocks, which were set in 
62 working days, Jetty No. 2 contained 230 blocks, set in 
92 working days, The first block was set November 12, 
1870, and the last October 18, 1871. Occasionally four 
blocks per day were set complete, the following labour 
being employed in setting: 


s. d. 
eels Total daily wages : 
2 Pampers eve 28 » UB. CE. 

a ” The workmen were 
; oe oo - ” : : wholly native Mal- 
6 Late - s seed ‘ion, od tese, & proved them- 
iin ine. «2 © 6 selves e... — 
’ f in intelligence for 
: == setting 3 0 this class of work. 
vee ” 


The blocks were built by contract ready for use at 
44d. per cube foot. The labour in setting them (by day 
work) was about 544., including use of diving gear. The 
labour in mixing concrete and depositing in place was let 
by contract at 38.4d. per cube yard; erecting staging, 


53d. per cube foot; taking down ditto, 23d. The gross 
cost was as follows: 
£ s. d. 
Feneing in ground and hm wots 104 0 0 
Preparing rock aye 171 0 0 
Staging pe 550 0 0 
Concrete bed 520 10 0 
Blocks set under. water, backed with 
concrete and stone... «» 187910 0 
Masonry and bollards, above water 
level... 238 0 0 
Forming wharf and metalling... «» 14410 0 
Total length of face, " be eave yards, —— 
at 181. 6s. 24d. .. £3607 10 0 


Tho work was constructed by Mr. Charles Andrews, 
civil engineér, under the direction of Colonel Sir A. Clarke, 
R.E., O.B., at that time the Director of Works of the Ad- 
miralty. The engravings we publish furnish the details of 
construction, Fig. 1 is an end view showing arrange- 
ments of staging and traveller with the means adopted 
of transporting the blocks; Fig. 2 is a general plan ; 
Figs. 3 and 4 are sections of the jetty walls; Fig. 5 is a 
side elevation of jetty and staging ; Fig. 6 isa plan show- 
ing disposition of stones at the corner of jetty; Fig. 7 is 
& transverse section of the works; Fig. 8is a plan; Fig9 
an enlarged view of the moving bars to which the pegs 
for holding the piors were attached; Fig. 10 is a detail 
of the moving chain attachment at ‘top of pile; and Fig. 
11 shows the foot of pile where it entered the rock. The 
staging after completion of the sides was re-erected for 
use at the front. It must be borne in mind that there 
waa practically no tide to facilitate the work. 





Tux Brooxtrn Bripas.—The four middle trusses are 
16ft. in depth, and the two outer ones 9 ft. Gin. deep. The 
& of vertical posts, each made of two 5-in. 
channels tied together with braces, a top chord 
composed at two 9-in. channels with an kerning flat plate, 
® bottom chord of two 9.in. channels below, and two 6-in. 
channels on top of the floor beams, and truss rods of flat 
e bars secured to the posts and chords by pin connexions. 
The scetions of the chords, and also of the di 8, are 
roportioned to meet the requirements of their respective 
Peotone, somewhat heavier at the quarters 
the centre. over-floor stays extend (37 ft. out from 
the centre of the towers, and for that distance the lower 
chord section is pi rtioned to resist the horizontal 
thrust of the ant section is greatest at the towers, 
whore the trusses are ed so as to sustain 
At the towers 
are anchored down to eye bars built in the 


further strengthen 
their own weight for 50 ft. on either side. 
the trusses 
masonry. 





at | 50s. 14d 
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month, sellers very near. Monday’s warrant marke 
opened more firmly at last week’s closing prices, and im 
ore to the extent of 14d. per ton. Iron changed hands 
uring the forenoon at 50s. to 50s. 1d. cash, and at 50s. 13d. 
to 50s. 2d. one month, buyers at the close offering the 
higher prices, and sellers asking 1d. per ton higher. % 
were sales in the afternoon at 50s. 1d. and 50s. 14d. cash, 
and on the wholea good business was done for various 
dates. Yesterday’s forenoon business was done at 50s. 1d. 
and 50s. 0}d. prompt cash, the market closing with buyers 
att the latter and sellers at the former price. There was a 
qniet steady market in the afternoon, and the closing 
ices were : buyers, 50s. 1d. eight days and 50s. 2d. one 
tie sellers very near. The market was stead 
forenoon, with a very small business done at 50s. od. 
, the closing prices being— rs 50s. 2d. 
rs 50s. lid. The afternoon market opened 
No change for 











he ' forenoon closing quotations. 
can be reported'as regards the extent of the 
for pig iron, whiok » still remains very quiet ; but 
here is ne visible improvement, yet to report in the 
titeme baying going on for 
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NOTES FROM THE NORTH. 
GLaseow, Wednesday. 
Glasgow Pig-Iron Market.—The pig-iron warrant market 
was quiet last Thursday, and the closing quotations showed 
no change from those of the previous a There were 
transactions during the forenoon at 50s. to 50s. 23d. 
cash, and the market closed with begets at those prices ; 
sellers soking 4d. per ton more ng the afternoon 
was accepted, and at the close there were 
amb adhes 5 1}d. cash and 50s. 2gd. eight cal bane 
ers near. Friday’s market was quieter, an 
rom _ per ton, the week’s business still ¢ at at 1. 
over the closing prices on the precéding Friday. 
and 30s. 14d. ten 


was done in the forenoon at 50s. cas 
only " quotation in the oe was 50s. cash, and the 


ule of Mining a | ate 


pose Gre 






Works; and one at "one Tron Works, thus 
bringing up the number at present in actual operation to 92, 
106 at the same time last year. The stock of 
i” Messrs. Connal and Co.’s warrant stores had 
fon the last Friday night, to 177,546 tons, the 
’ e week being 625 tons. Last week’s ship 
iron from all Scotch ports only amounted to 
#8 compared with 13,342 tons in the corresponding 
of last — the total decrease for the past six months 

being 31,166 
New Station Works at Glasgow.—Considerable progress 
has lately been made with the new station works at Bridge- 
street, Glasgow, consequent upon the new arrangements 
of the Caledonian Railway Company for taking a large 
portion of their Leora traffic to the new central sta- 


tion in Gordon-street, by Cite temas now in course 
St eonstruction across th e ‘al stated the new 
unded de-place on the 


-street Station will be 
EePsE” Cummeree-ohvest on the west, alaon-street on the 
down to and 


ith, and on the east a straight line 

‘the west gable of the Rainbow . , at the front 
of which the new Caledonian Rail bridge over the 
its start. The station, will cover an area 


ere about 650 ft. in length, by 180 ft. in breadth, 


and’ will stretch above Nelson and K ts to Clyde- 
fs intermediate spaces. Ace massive walls, 

wide e windows a neting on a series of 
spacious arches, risé to a ht of 40 tb Bia bh the street 
levels on the eastern or Rain w Hotel . A series 


well lighted tenements ae”, are being 
and are well advanced on the east side of 
Nelson-street and’. Clyde-place. 
hfare the buildings to accom- 


Li tadt and 
between 
Cormpece sos Wt 
other offices, as also broad stair- 
Govt to the platforms of arrival and 


Beeuting tt t 
pects tye 
are i forward ard state of construction. Rapid 
si made with the bridge referred to 
ye oti as nye with the works Jending from the north end 
of the bridge up to Gordon-street 
Tay wih p It was stated on good 
a few days ago that close upon a million of the 
eee far the Forth Bridge undertaking, had 
already been subscribed on very favourable terms. 
Pe fora New Railivay Bridge.—For some weeks 
Seaweed bares ert einployed by the Caledonian Rail- 
ngaged boring in the bed of the 
et Sete. ped the the Biekrrcris line. It is understood 
; ) operations are being carried with the view of the 
g ® new iron bridge with stone piers in 
lace of the present wooden structure. Several borings 
xe been made—one to the depth of 120 ft.—but in none 
of them has solid rock been found. 


Steel in Shipbuilding.—The directors of the North 
British Railway Company are just now asking for tenders 
for the construction of a powerful passenger steamer to 
ply on the Forth Ferry between Granton and Burntisland, 

which I am informed will be of steel. While referring to 
this matter I may mention that the steel-built passenger 
steamer Columba, which is to —e the Iona on 
the favourite route from Glasgow to Ardrishaig, in 
— Tyee is to have her official trial trip next Satur- 

essrs- James and George Thomson, who built 

ay ‘the three Ionas that have preceded the Columba, 
have in hand a very large sailing vessel, which is also 
being built of Siemens steel made by the Steel Com- 
ny of Scotland. This is the first vessel of the kind 
ult on the Clyde under the new conditions laid down by 


Lloyd’s. 








Inp1AN Rarttways.—A preliminary survey has been 
completed by the Bombay as and Centra India Rail- 
way Company for the Indian Government of a line from 


Northern Kattiawar to Kutch which, it was seamthented, 
might have been required for a famine relief work. In the 
event of this line being carried out, it will be made «ody Bw 
Indian rnment. survey is also ing 
made of a branch of 30 miles from Broach ¢o the mouth 

the Nerbudda river, with a view to the improvement of 
communication by that route between zerat and 
Kattiawar. The Bombay, Baroda, and Uentral India 
Railway is about to out 35 miles of small branches 
jn the State of Baroda for the Government of the Gui- 








days, at which prices there were buyers at the close. 
merket closed with buyers at 50s, cash and 50s. 1d. one 





cowar. 
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THE STRENGTH OF STEEL PLATES. 

One of the most important considerations in 
connexion with the use of steel, where.it is em- 
ployed with the object of taking full advantage 
of the reduction of. section, which at first sight 
appears to be allowed by its excess of tenacity over 
that of iron, is the manner in which it resists corro- 
sion of various kinds, a matter upon which we have 
in former articles just touched in passing. Com- 
paratively few boilers and ships built at the present 
day fail through want of section in the new construc- 
tion, but many of the former fail entirely, and a few 
of the latter locally, in consequence of the plates 
wasting away through the combined or separate 
action of the corrosive agents in the. atmosphere and 
in the feed and bilge water of various degrees of 
impurity. That the effect of the corrosion, when 
taken in connexion with the reduced section allowed 
when steel is used, is not always sufficiently con- 
sidered is testified by the fact that the corrosion of 
steel plates is not even. mentioned in Lloyd's report 
on steel for shipbuilding. Itis, however, mentioned 
in Lloyd’s report on steel for boiler-making, and the 
importance the engineer-surveyors attach to the 
subject is shown by their remark: ‘‘ There can be 
little doubt that the question of durability will exer- 
cise as much, if not greater influence than lightness 
or increased pressure, on the ultimate decision as to 
the adoption of steel for marine boilers,” 

Although boilers require renewal more frequently 
than the vessels they are in—a ship being usually 
considered to outlive three or more sets of boilers— 
unless the lower portions are carefully examined 

d seen to, local internal corrosion caused by the 
bilge and acids from the cargo may go.on in some 
cases very rapidly. The facts that by Lloyd’s rules 
an iron vessel may be in use twelve years before a 
thorough survey is required, and that until a very 
recent period none of the bottom plates in our iron 
built ironclads had to be renewed in consequence 





of corrosion, after being afloat over twelve years, 
show that there is much less y. by corrosion in 
ships than in marine boilers, The former are more 
easily protected, and on the whole more easily 
examined, besides, they have not the high tempera- 
ture to assist in bringing about their destruction, 
which the boilers have to contend with. 

The question as to whether steel plates are more 
liable to be destroyed by corrosion or oxidation than 
iron plates is one on which there exists the greatest 
diversity of opinion, This difference of opinion is 
not only found in the different classes of persons 
who may be expected to know something about it, 
for instance, by chemists on the one hand, and 
by boiler-makers on the other; but one eminent 
chemist can be found to say that steel suffers more 
than iron, whilst another chemist, no less eminent, 
may be found to affirm that his experience is just 
the reverse. And so it is with ironmasters, boiler- 
makers, Board of Trade inspectors and others ; in 
any one of these classes, and amongst men of equal 
experience, one may be found to contradict what 
another has affirmed of the relative durability of 
iron and steel plates. The same remarkable diver- 


ndia | Sity of opinion exists also with respect to the 


corrosive action of water on boiler plates of best 
Yorkshire iron and on those of inferior brands, or 
on plates of comparatively so-called pure and 
impure iron, 

This variety of opinion is not difficult to account 
for. One bases his conclusions on the effect of 
a certain kind of water at a low temperature, whilst 
another’s experience is founded on the behaviour of 
the plates with similar water at a high temperature. 
Then the various kinds of water, the quantity of 
the oxidising and corroding agents present, their 
facility of access to the plate, the condition of the 
surface of the plate itself, the porosity and adhesive- 
ness of the coating of oxide or corrosion that is 
formed, the continued immersion of the metal or 
its being alternately wet and dry, the intensity and 
variation of the temperature, the buckling or rack- 
ing action the plate or bar is subjected to, the 
presence of metals both electro-negative and electro- 
positive to the plate, the chemical nature and struc- 
ture of the plate itself, and other conditions and 
circumstances. exercise an influence, the effect of 
which, in so far as its appearance points to the 
cause that produced it may be very misleading, and 
unless all the causes at work are discovered, duly 
considered, and the effects compared, very erroneous 
conclusions may be drawn. Hence the opposite 
views that are held by persons of equal experience, 
and which are arrived at in ninety-nine per cent. 


-O£ cases without due consideration of all the circum- 


stances and conditions of working: 

In the somewhat rare cases of feed water that 
gives an acid reaction when tested by litmus paper, 
such as the ‘‘canker” water that sometimes finds 
its way into boilers, the so-called impure or com- 
paratively open-grained irons are, as a rule, attacked 
in a more or less irregular mannér before those of 
a superior quality and. closer grain, and in such 
cases steel sometimes, but by no means always, 
resists the corrosive action best. Of two sets of 
plates, one of steel and the other of iron, deeply 
immersed in cold sea-water, the former will stand 
best, and probably in proportion to the quantity of 
some of the foreign ingredients contained, upon 
which the quality so much depends; but placed 
where they are alternately wet and dry at any 
temperature, or where they have steam on one side 
and a very high temperature on the other, ductile 
steel plates are likely to corrode more rapidly than 
iron plates, or than steel plates of a harder quality, 
and iron plates of superior quality more rapidly 
than those of inferior quality, 

The chief drawback to the use of very ductile 


plates is undoubtedly that they are, under more, 


than one condition, more liable to waste by pitting 
and general corrosion than steel plates of a er 
nature or than iron plates. It is, however, impossible 
to say what the behaviour of the 26 and 28 ton 
steel plates at present made will be. This can 
only be decided by an experience extending over 
several years. Labonstory experiments , may be 
very useful in indicating the form the wasting will 
take, and in detécting or verifying the causes that 
produce this wasting, but as the conditions under 
which such Sxpertenents are made cannot always be 
the same as those found in practice, the results of 


have hitherto done, that the wasting of steel plates 
takes place at the same rate as that of iron plates, 
under equally adverse conditions: of. working, in a 
steam boiler. If we take the relative tenacities at 
28 and 2] tons, this will allow a reduction of 25 per 
cent. of section. for tearing in the new boilers, the 
rivetted joints being equally well BA! eapern an 
Now, suppose we have two boiler shells, one of 
lin. iron and the other of } in. steel plates, for a 
working pressure equivalent to a tensile stress upon 
them of 4 tons per square inch, this will give a factor 
of safety of 53. Assuming the boilers to be fit to use 
till the section of the plates becomes reduced to 
a point at which the tenacity is taxed to 12 tons 
per square inch, it is evident this point will be 
reached when the margin of safety has become 
reduced to 28, which is equivalent to a thickness 
of plate of 2 in. in the steel boilers and 4 in. in the 
other. Suppose the wasting to average 4 in. per 
annum, it is evident that the steel shell will be worn 
out at the end of the sixth year, whilst the iron 
shell will last eight years, or one-third longer. 

Where the advantage of lightness outweighs all 
other considerations, durability must of course be 
sacrificed ; but for the great majority of cases it will 
not be found advisable to reduce the thickness of 
boiler shells by the full amount allowed by the 
excess of tenacity of the steel plates in the new 
structure, There are, of course, cases where the 
allowance of the full amount of reduction can be 
justified, as, for instance, where it is known that the 

eed water has no wasting effect upon the plates and 

the boilers are set and covered in such a manner as 
not to harbour moisture in contact with the plates 
and to admit of — riodical inspection of the 
shell being carried out, the boiler being under com- 
petent supervision, Under such conditions, how- 
ever, an iron shell with a marginal safety of 4 would 
be safer than a shell with an original factor of 
safety of 6, or even 8, placed where it’ would ‘have 
the average amount of neglect, and allowed to’ be 
used for years with half the cireumference hidden 
from view. 

It is impossible to lay down any rule for the 
margin of strength that is applicable to all cases. 
Some latitude must be allowed for individual judg- 
ment in each particular case, and we can only state 
our conclusions in a general way to assist in making 
that judgment a sound one, and to cover broadly the 
various conditions that are to be met with. It may 
be taken as a rule, then, that in substituting steel 
for iron plates in boiler shells a reduction of 12} 
per cent. is as much as can be allowed, having 
r to the durability of the structure. The great 
value of steel when used for the ‘shells of boilers 
appears to lie in the advantage it affords of increasing 
the pressure 33} per cent, without increasing’ the 
thickness of material, 

When we come to consider the reduction of 
thickness that can be made in using steel plates for 
furnace tubes we shall find it to be very little. Since 
the strength of flues to collapse varies as the square 
of the thickness or thereabouts, a reduction of 25 
per cent. in section would be equivalent to a reduc- 
tion of over 25 per cent, in strength, even when the 
stiffness that- enables the plates to resist collapse 
is 25 per cent, greater in steel than in iron, 

There is at present a lack of experimental know- 
ledge on the collapsing strength of steel tubes, and 
the knowledge gathered from experience of tubes at 
work does not enable us to make a comparison. A 
number of iron tubes collapse every year from sheer 
weakness or inability to bear the pressure they are 
intended to stand, and a knowledge of the dimen- 
sions of these collapsed tubes enables us to form a 
very fair estimate of the value of the rules in 
general use for the collapsing strength of iron 
tubes. Hitherto, the makers who have used steel 
are not among those who are likely to put weak 
furnace tubes into a boiler, They usually allow a 
larger margin of safety in the tubes than in the 
shell, which admits of their using yy in. steel instead 
of 4 in. iron plates, without considering whether 
any sli increase of strength in the material 
brings the strength of the steel tube up to that of 


the. iron one, 

With very ductile steel — of 26 and 28 tons 

tenacity it is very unlikely that the resistance of 

flues to. collapse will be greatér than with iron 
plates, Toug. rather ‘than stiffness ‘is ‘the 

characteristic of the material that is required in 


actual working under different circumstances can} steel plates for boilers, and the quality of toughness 


alone be of real value in determining the. relative 
durability of steel and iron 
We will assume, for the 


sake of argument, as we 


is, perhaps, even more important in furnace plates 
Hoercin any others, As’ fartiace wubss caebe tale ; 





with a large margin of strength at little extra cost 
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the only way they are likely to fail is either by 

A overheated or wasted, In either case a 
tough plate may collapse without rending, and so fail 
without disaster, which a stronger and more brittle 
plate would not do. A case to the point of flue 
collapse occurred last year, and is mentioned in the 
last report of the chief engineer of the National 
Boiler ) rath Company. A furnace tube crown 
became overheated through shortness of water and 
was forced down for a length of three plates. Of 
these plates only one ruptured, and this was of steel, 
whilst the adjacent iron plates yielded without 
rending. The breaking of the comparatively brittle 
steel plate allowed a violent escape of steam and 
water, that is, produced an explosion. 

When the plates are subject to wasting the 
durability of furnace tubes diminishes more rapidly 
than that of the shells when we reduce the thickness 
ys the material. If we take } in., ,% in., } in., and 
of in. flue tubes, a reduction of 4 in, in section by 
wasting causes a reduction in strength of 44, 49, 
55, and 64 per cent. respectively, and this should 
be borne in mind in attempting to replace iron by 
thinner tubes of steel, 

The third report of the Admiralty Boiler Com- 
mittee contains the results of some very important 
experiments undertaken to ascertain the power to 
withstand corrosion of iron and steel of various 
makes, These results confirm our views that under 
ordinary working conditions mild steel corrodes by 
pitting, and in a general manner much more 
rapidly than wrought iron, both in fresh and in salt 
water, especially near the surface or when the 
water contains much air. Under the same con- 
ditions best Yorkshire plates corrode faster than 
plates of inferior quality. 








DISPOSAL OF TOWN REFUSE. 

i of the refuse of large towns, that is 
such as is of solid matter, as deposited in the dust- 
bin of the metropolis or the ash-pits of large pro- 
vincial towns, as Manchester, Leeds, Birmingham, 
&c., has long been a puzzle to the authorities, In 
London, the difficulty was long avoided by the sale 
of ashes, &c., to the contractor, who subsequently 
disposed of them to brickmakers. But, gradually, 
even London clay is becoming exhausted, and now 
the dust-bin has to beg the favour of being emptied 
instead of er coveted by illegal “‘dustmen.” In 
some parts of the metropolis the vestries have be- 
come their own scavengers, and have consequently 
accumulated an immense amount of useless rubbish, 
which, by its decomposition, has produced, and will 
moons, all the conditions required for spreading 

iarrhoea, with typhoid diseases. Through recent 
remonstrances, that most fatal method of producing 
disease—shooting house refuse into old gravel and 
clay-pits and building thereon—is now pretty well 
abolished near London, thus adding to the difficulty 
of disposing of solid house refuse. Even the use of 
this material for road-making is gradually disappear- 
ing in the metropolis, At one time a newly made 
road might have been an instructive study for the 
philosopher, so far as the suburbs of London were 
concerned, The mutability of matter was thus 
aes Sane. 

Mr, Alfred Fryer, of the firm of Manlore, Alliot, 
Fryer, and Co., of Nottingham, has patented a plan 
which seems, at least in some degree, to meet the 
difficulties we have mentioned. It has been tried at 
Birmingham, Manchester, and Leeds. He effects 
the treatment of solid and liquid house refuse by 
means of a “destructor,” a ‘‘ carboniser,” and a 
‘*concretor ” respectively. We take the Destructor 
first in order, Its object is to deal with the dust- 
bin and ash-pit and midden refuse, the latter of 
which in provincial towns is, as a rule, composed of 
feecal matter, house ashes, sweepings, &c. 

The object aimed at in the destructor was to 
obtain a furnace so arranged that when once ignited 
the radiant heat generated shoul not be permitted 
to escape, but should be reflected upon the burning 
material, so as to intensify the combustion and raise 
the tem as much as possible. This having 
been effected, the heated products of combustion 
should be over a further supply of material, 
which would thus become deprived of its water and 
be raised in temperature, ready for active combus- 
tion when its turn came to reach the furnace proper. 
ie os hes destructor The material treated 

uently indistinguishable from wet mud, Cart- 
loads of saturated with water or urine, 
bottles, glass, &c., are shot into these furnaces; they 
are made red hot ; all water is evaporated, all organic 


matter is decomposed, all combustible matter is 
consumed, and the mineral matter alone is left in 
purified state. No smell is produced by the burn- 
ing. Two-thirds of the mass disappear, and the 
residue—ash and clinker, my glass and 
ware, offering sharp angular fractures—furnishes, 
when ground with lime, a mortar for which there is 
abundant demand. There is no fear of being under- 
sold, for as one of the raw materials costs little or 
nothing, mortar-makers not ing similar ad- 
vantages may be working to a loss, while the makers 
of vitrified mortar will be reaping a profit. 

The destructor requires but little attention. It 
is almost self-feeding. The material slips down the 
sloping bottom of the furnace, and the clinkers are 
easily withdrawn at the furnace mouth, The fur- 
naces are a series of cells. The cost of each cell for 
ironwork is about 80/., to which the cost of brick- 
work must be added. The royalty payable is less 
than the cost of placing the refuse in a cart, or 
wheeling it across a road, The heat generated by 
the destructor furnishes power for grinding the 
mortar, and for other purposes, to be presently de- 
scribed. Each cell deals with 140 cwts. per day. 

Having thus disposed of the solid mineral refuse 
Mr. Fryer next deals with the vegetable solid 
matter. This consists of garbage, ses | brought 
with the ashes, and includes sweepings of markets, 
straw, shavings, rags, &c. The object is not to 
absolutely destroy these matters, but to produce 
from them a charcoal which may be used as a deo- 
dorant and a disinfectant. 

The patent carboniser effects this object. It con- 
sists of a rectangular chamber of considerable height, 
into the top of which the material to be operated 
upon is thrown, and through which ehamber it 
gradually descends as its bulk diminishes, and as the 
material below is removed. Finally, when sufli- 
ciently carbonised, it is withdrawn through a slide 
in the bottom of a chamber. The chamber is 
heated by a furnace placed at the side. The fire in 
the furnace is kept thick, and the supply of air to it 
is small, so as to prevent the admission of sufficient 
oxygen to carry out perfect combustion, Thus the 
products of combustion from it can only heat, and 
not remove the carbon, and they may be, therefore, 
safely brought into direct contact with the materials 
to be carbonised. These products of combustion 
enter the kiln, or carbonising chamber, near the 
bottom, and are guided around it by iron plates 
which touch the wall as their top edges, but slope 
so that their bottom edges are at some distance 
from it. These are ranged round the chamber in a 
— form, and keep open a passage, along which 
to 


earthen- 


e products of combustion can always find a way 
e chimney, while, being open at the bottom, 
the gases can come into direct contact with the 
materials in the kiln. The plates, becoming heated, 
also help to dry and carbonise the materials. The 
products are led away to the chimney through a flue, 
near the top of the chamber. Thus, condemned 
fruit, food, vegetables, street sweepings, &c., may 
be carbonised without offence, and made to produce 
a useful charcal, The finely divided nature of this 
recommends it strongly for use in pails and earth 
closets ; combined with carbolic acid as a disinfec- 
tant ; and also as a decolorant of dye-liquors in the 
form of a filter—hence meeting one of the require- 
ments of the Rivers Pollution Act in regard to the 
urification of manufactory, dye, and other refuse 
before being sent into a river. 

Lastly, we turn to the use of the concretor. The 
fecal matter with the urine being removed from the 
houses, the next object is to consolidate the mass 
economically. As is well known, human urine is 
one of the best possible manures, for it contains the 
refuse salts of the system. But hitherto, being so 
much diluted with water its bulk caused loss in car- 
riage, &c, Again, when urine and fecal matter are 
heated a most offensive smell is generated, and 
under ordinary plans, its most valuable constituent, 
the ammonia, is driven off. But by Mr. Fryer’s 
= it is asserted that both of these objections are 

one away with, and nochemicals nor skilled labour 
are required. 

The concentration of the urine, &c., is effected in 
the concretor. By this means nearly all the water 
is removed, and the already existing ammonia is 
fixed by the sulphurous acid in the hot gases from 
the destructor. As the process is simple and the 
heat is furnished, as it were, gratis, it is not wonder- 
ful — the concentration eee economically. 

© apparatus consists of a revolvi linder, 
8 feet long and 4 feet 6 inches in Gunton be i 








inside with scroll-like plates of thin metal. The 
— is admitted into this cylinder, and as it re- 
os ves, these ss ey become wetted ; 

e evaporation is effec y passing heated 8 
thro ht the cylinder. As these aun into pec 
with the wetted surfaces of the metal scrolls, rapid 
surface evaporation takes place, the temperature of 
the liquid ne remaining low 
—so low that when discharged from the cylinder at 
about the consistency of treacle, it is rarely, if ever, 
at so high a temperature as 130 deg. Fahr. The 
hot gases used for effecting evaporation in the con- 
cretor, result from the combustion of refuse mate- 
rial in the destructor. 

The fluid and semisolid contents of the pails 
having been deprived of nearly the whole of their 
water, by means of the concretor, may either be 
desiccated into poudrette, or be mixed with a portion 
of charcoal, in order to make a friable, odourless 
manure. These manures, being extremely rich and 
concentrated, are of high intrinsic value, more 
nearly resembling guano than any other manure in 
the market. 

Such is a brief description of Mr. Fryer’s plan of 
disposing generally of town refuse. We have little 
doubt but that it is well adapted for use in towns 
densely populated, in a small area, and where fuel is 
very cheap—places, for example, as are so numerous 
in Yorkshire, Lancashire, om | other manufacturing 
districts, The patentee claims the production, at a 
nominal cost, of a good material for mortar, an ex- 
cellent sanitary charcoal, and a highly fertilising 
manure, while at the same time effecting the dis- 

of what has hitherto been a great nuisance. 

e are not prepared to enter into a discussion of 
the financial part of the scheme, but heartily ap- 
prove of its objects and results as a step in the 
right direction, and worthy of extended trial by 
local authorities. 


THE MICROPHONE. 

WE notice with regret that Mr. Edison has com- 
menced a violent and illogical attack upon Mr. W. 
H. Preece and Professor Hughes in relation to the 
microphone. This attack dates from the time when 
Mr. Edison was first made acquainted, through our 
columns, with the recent discoveries of Professor 
Hughes, which resulted in the invention of the 
microphone; on reading this article he despatched 
telegrams to Mr, Preece, Sir W. Thomson, our- 
selves, and others, in which he claimed to have 
communicated the principle of the instrument 
to Mr. Preece in confidence, and that that gentle- 
man had for some mysterious reason imparted 
the knowledge thus attained to Professor Hughes, 
in order that the latter gentleman may be enabled to 
claim it as his own. Further, in a communication 
to the Correspondence Scientifique, a journal published 
in Paris, Mr, Edison ventures upon a wide and 
important variation in his version of the tele- 
gram he sent to Sir W. Thomson, In the 
m actually sent he claims to have forwarded 
a carbon telephone to Mr. Preece some months ago, 
in the copy printedin the Correspondence Scientifique 
he asserts that he sent microphones to Mr. Preece, 
thus claiming the exact invention of Professor 
Hughes. In addition to this, Mr. Edison has pub- 
lished broadcast throughout the United States 
paragraphs which we wish to believe he himself will 
most sincerely regret, so devoid are they of truth 
and good taste. In reply to these paragraphs Mr. 
Preece has forwarded the following statement to the 
Associated Press of the United States for publica- 
tion in the various journals: ‘ Pray give the most 
unqualified denial to Mr. Edison’s assertion. Hughes 
has not brought out any thermopile. His micro- 
phone is quite different to Edison’s telephone ; it was 
worked out without any communication or informa- 
tion imparted by me. Iknew nothing whatever of it 
until it was shown to me, together with Professor 
Huxley and Mr. Norman Lockyer. I amin no way 
a coadjutator of Hughes. (Signed) W. H. Preece.” 
To this is appended the following: “‘ I emphatically 
indorse every word of the above message. (Signed) 
D. E. Hughes.” 

In our last week’s issue we pointed out clearly 
the wide difference both in principle and design be- 
tween Mr, Edison's carbon telephone and Professor 
Hughes’s microphone, and it is absurd that the mere 
fact of the latter gentleman employing carbon in his 
instrument should render it identical or in any way 
similar to the Edison telephone. As Professor 
Hughes has pointed out, he employs carbon by pre- 











its ends partially closed by annular rings, and fi 





ference, although platinum and gold produce ex- 
cellent results. We shall next week investigate 
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this subject closely, meanwhile we shall content| of zinc and op wire immersed in a little acidulated | tages are longer duration, higher electromotive 
ourselves by saying that there does not appear a/| water, and a block of dry wood about 10in. square | force and lower resistance giving greater canes 
shadow of foundation for the charge brought by|and l}in. thick, which gives visible signals. M.| of current, less risk of in transport, be- 


Mr, Edison, who by the way has not forwarded to 
this country any of the promised ‘‘ proofs” of his 
claim, but has instead fallen back upon abusive 


paragraphism. 





TELEGRAPHIC APPARATUS AT THE 
PARIS EXHIBITION.—No. IV. 


Tue annexe set apart for French telegraphic ex- 
hibits, Class 65, Group 6, in the catalogue, is 
30 metres long by 24 metres wide, and contains 
sixty-nine different stalls and exhibitors, not includ- 
ing the extensive show of the French Government 
Telegraph Administration, which occupies the 
greater part of the open area of the hall. Of these 
sixty-nine stalls forty-one are situated along the 
walls, and the remainder are detached, The arrange- 
ment of the stalls is very symmetrical and convenient, 
the black woodwork is in excellent taste, and 
contrasts agreeably with the brass apparatus and the 
gilded names. The first stall on the left of the 
entrance is that of M. Hardy, of the Avenue de 
Lamotte-Piquet, Paris, who, amongst other ordinary 
articles, exhibits a Meyer multiplex-apparatus dis- 
tributing eight messages concurrently, and an elec- 
trical anemometer of M. Hardy’s invention, which 
is shown in action recording the speed, variations, 
and intensity of the wind above the building. The 
next two stalls are those of MM. Breguet, pére et fils, 
Quai de l’Horloge, Paris. A variety of battery 
materials, two small Gramme machines, very neat 
boxes and pocket cases of telegraph engineering 
tools, and other apparatus are ese exhibited. 
Among the batteries there is a specimen of a por- 
table dry ” each element being made of a disc of 
copper and of zinc separated by sheets of bibulous 
paper impregnated with crystals of sulphate of zinc 
and of sulphate of copper, the sulphate of zinc 
papers being placed next the zinc plate, and the 
sulphate of copper papers next the copper plate. 
To put the cell into use it is only gee | to 
moisten the prepared paper with water. A handy little 
electro-magnetic mine exploder is also worthy of men- 
tion. Therearealso several telephones on view, includ- 
ing the ‘‘ watch”’ telephone, referred to last week, and 
designed for the pocket. Breguet also exhibits one 
of the electro-magnetic dial keys or transmitters, with 
needle instrument, which have been in use in France 
during the last thirty years, and are still employed at 
country stations, and by railway companies. In the 
small stall following Breguet’s, one of Chambrier’s ap- 
paratus is to be seen. It is a union of the Hughes’s 
printer, and an electro-magnetic transmitter similar 
to that just mentioned, and has been in use on the 
Chemin de Fer de l'Est Railway, between Paris 
and Strasburg, for several years back. As requir- 
ing no battery, and little skill in signalling, it is 
very convenient, but of course slow. Passing over 
the stall of M. D’Arlingcourt, whose autographic 
telegraph may be seen at work reproducing fac- 
simile sketches and handwriting, we come to the 
collection of M. Lartigue, civil engineer of the Chemin 
de Fer du Nord, who exhibits models of his electric 
semaphores for the block system, his electro-auto- 
matic whistle for locomotives, which has been adopted 
by the company he is connected with; and alsoa 
mercury commutator and an electric catch which 
have been invented by him. Side by side with that 
of M. Lartigue is the stall of M. Ferdinando Tom- 
masi, of the Avenue W. , Paris. The princi 
exhibit here is the new relay of M. Tommasi, which 
is made to actuate a Hughes’s instrument through 
an artificial line of a resistance equal to 4000 kilo- 
metres of ordinary telegraph wire. A line battery 
of five Calland elements is employed to work the 
relay, and a local battery of four elements to work 
the Hughes’s receiver. By this means a speed of 
twenty-four words per minute is obtained. The 
relay consists of a powerful horseshoe magnet with 
a light magnetic system, composed of two parallel 
bar magnets between its poles. Each of these 
magnets is pivotted at its centre, and carries a tiny 
cleat, which is intended to produce a shock so as to 
separate the contacts, and render the movements of 
the system prompter. When the relay is quiescent, 
and no signals are received, the movable magnets 
are held in their zero position by a directing perma- 
nent magnet. It acts with single or reverse cur- 
rents, and is arranged to operate both Morse and 
Hughes instruments. There can be no doubt that it is 
an extremely sensitive relay. M.'Tommasi shows one 
connected up in circuit with a single element formed 








Tommasi estimates the resistance of the block as 
equivalent to that of several million kilometres of 
ordinary telegraph wire. Experiments with it at 
the Central Bureau of Telegraphs, Paris, over a line 
5000 kilometres long, including 280 kilometres of 


cause of the absence of a porous pot, diminution 
in size, and immediate action as soon as set up. 
Rings of wood or india-rubber round the zinc rod 
are employed to keep the two plates, the zinc and 
the carbon agglomerate, from touching within the 


subterranean wire, have shown that a single Daniell | cell. 


cell is sufficient to work the Morse instrument with. 
On the cable between Marseilles and Algiers, 500 
miles long, 22 words per minute have been obtained 
by it from the Hughes instrument with the current 
from three or four Daniell cells; and by a particular 
arrangement enabling the Hughes to act with 
reverse currents, as many as 33 words per minute 
have been reached, But although the sensitiveness 
of the relay is undoubted, that — alone does 
not constitute it a special relay for long submarine 
cables, as M. Tommasi claims it to be. M. Tom- 
masi seems to have fallen into a very frequent 
mistake among inventors in thinking that extreme 
sensibility is all that is required in a relay for long 
submarine cables. If this were so, there would not 
have been so many false alarms of new cable relays 
and so many ultimate failures, A cable, chiefly by 
reason of its high inductive capacity, is electrically 
different from a land-line, and it is of no use to cite, 
as is commonly done, the performances of a relay 
through mere resistance as an indication of what it 
can do through a cable. The Marseilles to Algiers 
cable, although 500 miles long, can scarcely be 
called a long cable. Only cables upwards of 500 
miles in length can properly be said to be long ones, 
and a relay designed for long submarine cables 
should be tried on a cable at least 1000 miles lon 
before its powers can properly be estimate 
Electrically speaking, the Teustibes to Algiers 
cable is, bentiion considerably shorter than 500 
miles, because of the faulty state of its insulation. 
The results obtained with M. ‘Tommasi’s relay on 
that cable can therefore only be regarded as illus- 
trating the sensitiveness of the relay, not its fitness 
for submarine work. It is probably due to a lack 
of theoretical knowledge that so many inventors 
overlook the varying zero of signals through long 
submarine cables. Sir William Thomson by his in- 
vention of the Mirror Galvanometer early provided 
for this peculiarity, as he has also done, later, in 
the Siphon Recorder, and these two instruments 
still continue the standard long-cable oe 
instruments, in spite of the army of relays whi 
have assailed them. Until inventors make themselves 
more familiar with the nature of cable signals they 
are not likely to devise a relay which will oust 
these instruments from their impregnable position. 

Passing on, we observe some pretty nickel-plated 
bells exhibited by M. Lenoir, a large brass lamp with 
lenses, a red glass shade for Jablochkoff’s electric 
candle, exhibited by M. Denayrouze, and a portable 
telegraph cabinetor “‘ poste municipale,” exhibited 
by M. Alp. Lefevre, ‘These cabinets are boxes 3 ft, 
by 2 ft. by 1 ft. with folding sides and top, and con- 
tain a Morse instrument, meg esl bell, switch, 
and connexions. They are, we believe, hired out by 
the French Telegraph Administration to private 
parties who obtain the concession, and may be used 
privately. M. Sortais shows a variety of clocks and 
bells; M. Jules Leblanc, Tourgoing, a model ‘of his 
telegraphic fire alarm; M. Cammas, among other 
things, some specimens of bare wires fastened to 
the face of a hard wood batten and enclosed in 
clay pipes—a form of underground line which was 
tried and failed long ago in England. 

M. E. Barbier, Rue Neuve-fontaine-St.-Georges, 
whose stall follows that of M. Cammas, shows a 
number of Leclanché cells, of which he is the sole 
maker in France and her colonies. Besides various 
forms of the old sort with the porous pot, there are 
different forms of the’new agglomerated element, in 
which the highly resisting porous pot of clay is sup- 

ressed. ‘The peroxide of manganese and carbon 
ormerly contained within the pot are in this cell 
agglomerated together into a solid mass by a pres- 
sure of several thousand pounds in heated moulds 
of steel. Besides their firm indissoluble nature, 
the resistance of the agglomerated plates or 
cylinders thus obtained is so small that a 
single element can redden a fine platinum wire, 
so that the agglomerated form is suitable for 
lighting gas jets. Its advantages over the older 
element with the porous pot have led the great 
railway companies of France to adopt it in pre- 
ference to the latter, more than 40,000 elements 
being now in use amongst them, These advan- 








The next stall is that of M. Borris, a wire manu- 
facturer, and after it come those, of M. Grenet and 
M. Debayeux, two Parisian electric bell-hangers, the 
latter of whom exhibits an ingenious a tus for 
recording votes electrically, and an indicator tele- 

raph for domestic purposes. MM. Mignon and 
Rouart exhibits — of the pneumatic pipes 
used in France, and M, Mors a variety of bells and 
batteries. We have now reached the far end of the 
hall, and the stall of the ‘‘Societé Anonyme des 
Telephones Bell,” which is a detached stall or 
cabinet facing ythe entrance, The mt for this 
company in Paris is M. Cornelius Roosevelt, A 
great variety of telephones are here on view, in- 
cluding the watch telephone and a “‘ demonstration” 
telephone, which can be readily opened up and 
examined. A pair of telephones requiring no ad- 
justment, with call bell included, are priced at 
30 francs. Without the bell they are 20 francs a 
a ‘‘ Demonstration” telephones are one guinea 
each. 


TOBACCO AT THE PARIS EXHIBITION. 
No, II. 

On passing by the show caseg in the Champ de Mars 
where the different kinds of manufactured tobacco are 
exhibited, one is struck by the infinite variety of 
products which are used, in its fabrication, from 
the most common ci to the best Havannahs ; 
from the most inferior tobaccos to the aromatic 
Guibeck, In each country, indeed, the taste, form, 
and ap’ ce of the manufactured products, vary 
with the caprice of the day, and it is one of the 
duties of the manufacturer to satisfy the require- 
ments of the public, and to direct them often to the 
development of new tastes. But for the manufac- 
turer and to the man who studies the subject care- 
fully, all these products are classified under five cate- 
gories, having each their distinct mode of prepara- 
tion, viz., tobacco in powder or snuff, chewing 
tobacco, the cut leaf, cigars, and cigarettes, 
According to tradition, it was under the form of 
smoking tobacco, either for pipes or ci that the 
Congress of the New World developed the use of the 
plant in Europe, and it was not till many years after, 
that its preparation as snuff was introduced. 
Naturally at the commencement, the details of the 
manufacture were of the crudest possible nature, 
but it quickly became complicated as the tastes of 
the smokers grew refined, and it became a species 
of alchemic or pharmaceutic fpreparation, of which 
the traces still remain in certain countries, as, for 
example, the numerous recipes of Saumure, quoted 
by Ladislas von Wagner, in his ‘‘ Treatise on the 





nufacture of Tobacco and Cigars.” ‘Towards the . 


middle of this century, the manufacture of tobacco 
rose beyond the empirical stage, to enterj into the 
domain of practical science, and to adopt fully the 
method of a great industry. To the tobacco depart- 
ment of the French Government, the honour must 
be given of having inaugurated this new departure, 
to which other nations quickly addressed themselves ; 
it is sufficient to visit the Pavilion devoted to the 
exhibits of this department at the entry of the 
Champ de Mars, near the Pont d’Jena, to appreciate 
the application obtained by the uses of science, It 
will be readily understood that we cannot enter into 
great detail of each of these bo pws » but the 
description which we can give convey a suffi- 
ciently clear idea of their operation, at the same 
time that we describe the sses of manufacture, 
For more clearness we will follow the method that 
we have already adopted in indicating the classifica- 
tion of the products, 

To consider first tobacco in the form of snuff, the 
superiority of the — of the French Government 
factories is incontestable ; it is known that fora long 
time the manufacture had arrived at a high degree 
of perfection as regards the flavour of the products, 
but it is only since the labour of Mr. Schlessing in the 
chemical, and of M. Rolland in the mechanical de- 
partments, that the process has been organised in a 
perfectly regular and economical manner, Chemi- 
cally the process consists in subjecting the tobacco to 
two kinds of fermentation, one in the n air to 
develop the aroma, and the other in closed vessels 
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to bring out the strength. The first results in the 
destruction of the nicotine, oo iad in a “ 
moval of organic acids, especially of citric acid, an 
auatatiaiial peodultls: But in both cases it is abso- 
lutely nec to avoid putrid fermentation and 
decay, and with this object the leaves are moistened 
with salt water. Mechanically it involves several 
preparations ; the moistening of the leaves and stalks, 
cutting before putting them together in masses for 
the first fermentation, cleaning the fermented leaves, 
moistening them before the second fermentation, 
and finally sorting and packing. Damping is effected 
by means of mechanical appliances, which consist 
of a wooden cylinder about 16 ft, long, placed 
horizontally, furnished with a spiral in the in- 
terior, and to which is imparted a rotary motion. 
The leaves are introduced at one of the ends, where 
they receive a quantity of water proportioned to 
their weight, and forced in by a pump, the discharge 
from which can be regulated. ‘This apparatus acts 
like an Archimedean screw, and allows of the moisten- 
ing of about one ton of leaves per hour; it has the 
advantages of regulating the damping and reducing 
the amount of débris, independently of the improve- 
ment in the uniformity of work produced. The 
first cutting is performed by means of helical knives 
mounted on a drum, against which the cake of 
pressed leaves is fed by grooved cylinders. This 
cake is cut up in slices about 3 in. wide; the 
pieces are then mixed with the débris, and a mass 
of from 35 tons to 40 tons weight is formed, care 
being taken in doing so to facilitate the circula- 
tion of air after the first fermentation, which lasts 
from five tosix months ; after this, the tobacco, the 
aspect of which is considerably changed, is ready for 
the next operation. This, that of grinding, is entirely 
automatic, and a model at the Exbibition one-fifth full 
size shows clearly the arrangement adopted at Cha- 
teauroux. The mills are installed on the ground floor 
of a room 20 ft, high, and the screens are placed on a 
gallery above; the tobacco is brought by means of 
endless screens from the mills to the screens, and 
then return, either to the mill if the grain is too 
coarse, or to the sacks. which receive the portion 
properly pulverised. During the whole of the 
process it is kept from contact with the air, and thus 
preserves all its aromatic properties, the dust does 
not circulate in the shop, and a large amount of 
waste is prevented. ‘The mill consists of a fixed 
conical basin in which is a revolving cone of the 
same form, mounted on a vertical shaft, driven with 
a reciprocating movement; both cones are fitted 
with projecting blades. A mill produces about 90 lb. 
of ground tobacco per hour, and the cost of hand 
labour which used to be about 5s. per 100 Ib., is 
now reduced to 2d. or 8d, The ground tobacco 
called “rapé sec” is, after damping, laid in large 
wooden chambers, called the fermenting rooms, the 
capacity of each being from 25 to 30 tons, Here it 
remains for ten months, and during this time it is 
turned over two or three times in order to regulate 
and equalise the fermentation, In the modern 
establishments the process is performed automati- 
cally, so that the workmen are exposed to no in- 
convenience, On coming from these chambers, or 
rather from the last of these, which has a capacity 
equal to four or six of the others, where it remains 
about a month to mature, the finished snuff is filled 
into casks and sent off todepét. Until some time 
ago, the packing was performed by workmen, who 
pressed the snuff into the barrels by their feet. ‘To- 
day an ingenious mechanism is employed, of which 
a model is shown at the Exhibition, and by which 
the tobacco is distributed evenly in the cask, and 
compressed more regularly and at less cost than 
when a workman performed this double operation. 
The rammer has the same motion as the stamp in a 
quartz mill, and the cask, mounted on a turning plate, 
presents successively the various parts of its surface 
and becomes filled gradually. ‘This system is there- 
fore effective in producing a uniform compression 
in the whole volume, because on account of the 
pulverulent and elastic nature of the material, the 
employment of a hydraulic press would compress 
only a very thin layer of the tobacco. Such are the 
principles and processes of the manufacture of snuff, 
and considering how important are the elements of 
quantity and the time required, it will be easy under- 
stood how it is that the fabrication on a small scale 
does not succeed. 

The manufacture of chewing tobacco comprises 
three distinct classes of products—the ata b rope 
tobacco, the smaller, or “ pigtail,” an e rolled 
‘‘ carrot” tobacco. The firat kind is manufactured on 
hand-spinning machines by women, to whom the 


tobacco is delivered uncut ; the juice of the tobacco 
are employed fordamping, instead of such ingredients 
as molasses, liquorice water, &c., which were 
formerly used. ‘Che damping is followed by com- 
pression under a hydraulic press, and subsequent 
drying in a current of heated air completes the pre- 
paration of this product. 

The ordinary twist tobacco forming the second 
class, is spun precisely like a rope. An ingenious 
arrangement of English origin is now employed, by 
which the work of making up the body forming the 
interior of the twist is performed. The ‘‘ carrot” con- 
sists of five or six lengths of ‘‘ twist” laid upon each 
other, and submitted to the action of a hydraulic 
press of special form, designed by one of the engi- 
neers of the Administration, when the machinery at 
the Morlaix factory was remodelled. 

We now come to smoking tobacco. Consider- 
able doubt existed for a long period as to the 
possibility of manufacturing smoking tobacco with 
success on a very large scale, but thanksto the elabo- 
ration of special machines, all the difficulties have 
been removed, and to.day we see one of the French 
factories, that of Lille, producing a much as 6000 
tons of it per annum. The preparation does not admit 
of any chemical reactions, and the manufacturer 
must above all seek to obtain by combinations a mix- 
ture which may satisfy the taste of the majority 
of the consumers, every care must be taken to 





avoid fermentation, and to insure the utmost pre- 





servation of the products. If, on the other hand, he 
operates only on special kinds, he has to make a 
careful selection of the leaves, and also to preserve 
in these the flavour and aroma peculiar to the brand. 
It is expedient in this fabrication todamp the leaves 
as little as possible, either with fresh or salted water, 
to incorporate with them only the quantity of 
water strictly necessary, to obtain the necessary 
softening, to dry the material with the greatest care, 
and never to collect it in masses before it is quite dry 
and cooled: In tobaccos of very delicate aroma ap 
baking process should be most carefully avoid 
The foregoing indicates mostly the successive pro- 
cesses to which smoking tobacco is subjected. e 
damping is performed mechanically by means of the 
cylinder already described. The moistened leaves 
are left in masses during 24 hours, and the leaves 
after having been well stretched, are then taken to 
be cut. The cutting machines employed at the 
French factories are on the guillotine pattern. The 
knife, carried on a vertical frame, moves in front of 
an opening, through which the cake of leaves passes, 
brought there between two endless bands, the rollers 
of which serve as compressors. Feed wheels, which 
can be easily adjusted, bring forward the cake at 
each stroke of the knife, thus fixing the advance of 
the endless bands. The knife makes about 110 
strokes per minute, and the apparatus produces 
about 2001b. per hour, with a length of stroke of 
ssin. To remove from the tobacco its excess of 
strength, it is submitted to a temperature which 
should not exceed 212 deg. This operation, as in- 
jurious to the health of the workman, as it would 
e, if not carefully conducted, to the quality of the 
product, was performed on iron plates heated by a 
fire, and later, on steam tables designed by Gay- 
Lussac. The workman, standing over the plate ex- 
posed to the warm current of air charged with 
nicotine, and working incessantly to prevent the 
leaves from being burnt, was exposed to very grave 
inconvenience. ‘Thanks to the automatic torrifier of 
M. Rolland, this operation is effected to-day under 
conditions which leave nothing to be desired so far 
as the health of the workman is concerned, and se- 
cures at the same time considerable economy in 
hand labour. The tobacco is introduced automati- 
cally into a heated iron horizontal cylinder turning 
slowly above a fire. A current of heated air 
passes through a double envelope covering the upper 
part of the cylinder, and entering it by openings 
passes through the tobacco, carrying off the moisture, 
and escaping direct up a chimney. An ingenious 
arrangement of heat regulator, controls the admis- 
sion of the air under the fires in such a way as to 
maintain a constant temperature in the cylinder and 
envelope, and screws suitably placed within the cy- 
linder determine the movement of the tobacco to- 
wards the exit, and prevent any prolonged contact 
with the heated sides; the capacity of this ap- 
paratus is about 1100 1b. per hour, and the cost of 
the process is reduced to one-third. The tobacco 
now passes into a drying cylinder of a similar con- 
struction to that just described. Here it is cooled 





by the action of a brisk current of cold air, and is 
ceased from dust, and even from débris. This 





cylinder can treat one ton of tobaceo, per hour, 
and its use allows of considerable, economy in 
space, which the old open air dryers : required. 
After having been left ex masse for some short time, 
the tobacco is ready for packing, an operation. which 
is shown at the pavilion of the Champ de Mars; 
the machine at work there being a type of those 
actually in use throughout France. This machine 
is really a small hydraulic press, in which the pum) 
body is fixed against a vertical cast-iron support, 
the upper extremity of which is curved over the 
machine, and carries the rammer and the pincers 
used to withdraw the funnel; the head of the piston 
carries a plate on which are mounted the moulds or 
forms of the packets, and into which are placed the 
mouth of the funnel previously covered with the 
paper wrapper. Finally, a cock of special form ie- 
termines the movement of the compressor, and the 
discharge of the water after the work has been done. 
To produce the power, two or four pumps are em- 
ployed, according to the number of machines to be 
driven, and an accumulator. 

The actual packing requires the assistance of three 
workmen, one to weigh the tobacco, a second who 
puts the paper on the forms, and gums on the labels, 
and a third who operates the machine and finishes 
the packet. The same machine is adopted for 
making up packets of all sizes by changing the 
moulds. ‘These packets range between about 1 oz. 
and 12 0z., and it can turn out 400 of the smaller 
and 200 of the larger per hour ; the former are pro- 
duced twoat a time. After having been made up, 
all packages are tested for weight before they 
are issued from the factory, in order to be 
certain that the purchasers should receive their 
just weight, and that the amount should not be in 
excess, This process is performed with absolute 
exactness, by means of an apparatus designed re- 
cently by M. Riorn, director, and a model is exhi- 
bited at the Champ de Mars. It consists essentially 
of a balanco, which, by the introduction of a system 
of valves, operated by the oscillating movement of 
the beam, sorts out the packages into three classes, 
those which areexact, those which are too heavy, 
and those under weight. The amount of error which 
is sufficient to throw out a packet is one four- 
hundredth. The packets are arranged by the 
workwomen in a horizontal channel, the bottom of 
which consists of an endless belt and are led to an 
inclined plane, where they are stamped, and areafter- 
wards siezed by claws, which deposit them gently 
in the scale pan of the balance. We can only in- 
dicate the general principle of the apparatus, to de- 
scribe it in detail would exceed the scope of the 
present series of articles, and we will therefore make 
it the subject of a special notice. 

The manufacture of cigars includes two series of 
operations—the preparation of the materials, and 
the other the fabrication properly so-called. This 
latter is performed entirely by hand in the French 
factories, despite the numerous trials of various 
machines that have been made. We may therefore 
pass briefly over that part of the work, to dwell in 
detail on the preparation of the leaves, which is all 
important, since the value of the product depends 
upon it. It is necessary to combine a great number 
of different kinds of leaves to arrive at a good result, 
and when it is stated that the large proportion of 
foreign tobacco, which used to be employed in the 
manufacture is now replaced by various home 
growths, it will be understood how much de- 
pane upon careful blending. This combination 

as been arrived at by macerating the leaves in 
tobacco juice. In this operation, a mixture of 
soluble matters is arrived at, varying with the period 
of maceration and the richness of the juice aeanieeed. 
This process, necessarily irregular when carried out 
empirically, is now performed with certainty and 
uniformity, since the conditions of the process have 
been carefully studied by M. Schlessing. The dif- 
ferent phenomena which attend the contact of the 
juice and the tobacco have been ascertained by 
chemical analysis, and the results obtained have 
led to the establishment of asystem of washing and 
saturating which produce with certainty the dif- 
ferent flavours desired and the proper degree of 
combustibility for the different leaves employed. 
The washing is executed with simplicity and cer- 
tainty by means of an apparatus designed in 1868 
by the director of the Chateauroux factory, and a 
working model of which is shown at the Champ de 
Mars. It consists of two groups each of six wooden 
vessels placed on the ground around the circum- 
ference of acircle, and of an iron tank in the 
centre carried by a hydraulic elevator, which is 
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divided by as many vertical partitions as there are 
wooden vessels, The leaves, well stretched, are laid 
vertically in packages in the vessels, and they 
remain there during the whole of the operation. 
The juice, on the contrary, is shifted, and to do this 
the central vessel may be lowered when one of the 
macerated tubs is emptied, then by raising the 
central vessel the juice is discharged in the next 
tub, andsoon. In this way the juice at first in 
No. 1 is ultimately deposited in No. 6, the most con. 
centrated liquor being applied to the fresh leaves, 
while the most exhausted leaves receive supple- 
mentary juice, which varies according to the strength 
it is desired to impart to the tobocco. A battery of 
six tubs can treat 1700 lb. of leaves in twelve hours. 

After being washed the tobacco passes under a 
hydraulic press, where almost all the excess of 
liquor is taken out, and thence they go to the 
torrifier, where they are dried and ready for fabrica- 
tion. 

Finally we come to cigarettes, the rnanufacture of 
which has of late years so greatly extended that the 
French Government has commenced to replace hand 
work by machines, which have been gradually im- 
proved in their details, unti], at present, they leave 
little to be desired. As in most machines containing 
many complicated movements, the various motions 
are obtained by cams, or rather by curved grooves of 
different forms, traced upon cylinders, in order to 
produce the movements of the various parts resting 
upon and articulated to them. At the Champ de 
Mars the various operations of cigarette making are 
exhibited to the public. The first process is the 
production of the paper tube, which is afterwards 
filled and compressed. The machine comprises these 
three distinct features, all of which are very carefully 
worked out. It can produce 1000 cigarettes per 
hour, while the most skilled workman can only make 
150 in the same time. The Government factory also 
exhibits a hydraulic press for packing tobacco leaf 
and miscellaneous instruments of the laboratory. In 
addition, a large number of data are collected in the 
pavilion, showing the consumption of tobacco in 
various countries, and the revenues it brings, Ex- 
cepting in those countries where the industry is a 
Government monopoly, itis difficult to obtain exact 
data as to the total and individual consumption. 
In Europe the monopoly is in force in eight different 
countries: Austria-Hungary, France, Italy, Spain, 
Portugal, Roumania, the Principality of Lichten- 
stein (Austria), and the Republic of St. Marin (Italy). 
The manufacture is under Government supervision 
in three States—Kngland, Russia, and Turkey ; and 
is entirely free in all others. 

In Austria the consumption in 1876 was 31,614 
tons, while in Hungary it was 15,000 tons. In 
France during the same year it was 31,435 tons, and 
32,120 tons in 1877. In Italy during 1876 it was 
17,200 tons. For these countries alone, exact 
figures are available, but-the estimated consumption 
in Germany was for 1876 about 80,000 tons. It is 
curious to note how the consumption varies from 
one month to another. Thus taking the observa- 
tions from two French and Italian factories, we find 
that they increase during the month of January, 
decrease in March, again to rise, but to fall toa 
minimum in July, to rise gradually to a maximum 
in December, The following list shows the ap- 
proximate average consumption for several different 
countries per head and per annum: 


Ib. 

— bed oa 
ungary ‘ 

France 196 
Italy 1.55 
Germany 4.00 
England ... « 1.32 
Russia ... oa oe roe eal 1.32 
United States ... bic doe 3.52 


The following Table gives a financial statement 
of the tobacco industry for several countries : 














Year. Country. Receipts. | Expenses.| Profits. 
| he” 2 | 2 
1876 | Austria... «| 5,964,000 | 2,217,000 | 3,747,000 
1870 | Hungary ...| 2,252,000 | 1,051,300 | 1,200,700 
1876 | Italy... ...| 5,862,120 | 1,672,600 | 3,689,520 
1876 | France ae rr 2,400,000 |11,494,920 





The amounts paid to revenues were as follows 
for four different nations during 1875-76 : 
£ 


1875 England . dis 7,569,720 
1876 Germany és * 731,160 
1875 Russia 1,711,200 


1875 United States .. ... 8,716,000 





Comparing the amounts realisedjby the taxation, 
with the population, we find that the consumption 
of tobacco is attended with the following expense 
a head. Of course the figures are only approxi- 
mate. 


d. 
Austria-Hungary... ove abe a 57 
Italy ese ‘i es oi og 
England rae pat si ee 
Germany ... a an ove a 4 
Russia en we is Pe rm 5 
United States... as 54 


It is unfortunate'that from the absence of statistics 
of other countries, these results cannot be com- 
pleted, but the little we have been able to give is 
at least sufficient to prove what we stated at the 
commencement of our first article, that the growth 
and fabrication of tobacco form one of the most im- 
portant of modern industries, 








THE LATE REY. DR, STIRLING, 


WE have to record the death of the Rev. Dr. Stirling 
the inventor of the hot air engine. At the time of his 
death Dr. Stirling was in his 88th year, having been 
born in the year 1790, near Methven, in Perthshire ; 
indeed, he had been for two years the oldest minister of 
the Church of Scotland—the Father of the Church. 

Educated at St. Andrews, he was licensed to preach 
by the Presbytery of Dumbarton in the year 1815; 
and in the following year he received a presentation 
from the Commissioner of the Duke of Portland to 
the Kilmarnock second charge. Inthe year 1824 he was 
translated to the neighbouring parish of Galston, where 
the living was in the gift of the same patron; and there 
he lived and laboured during the remainder of his long 
ministerial career, which in all extended over a period of 
sixty-three years. The honorary decree of D.D. was 
conferred upon Mr. Stirling in the year 1840 by the 
University of St. Andrews, in recognition of his scholarly 
and scientific attainments, which were of an unusually 
high order. 

Dr. Stirling was decidedly of a mechanical turn of 
mind, and indeed there seems to have been a special 
bent in that direction in the family. His brother, Mr. 
James Stirling, was a very accomplished engineer; 
and of his sons no fewer than three have inherited 
his taste for mechanical pursuits, and have become 
well known in railway engineering, their. honourable 
positions being due alike to their professional abilities 
and to the possession of much resolute and independent 
spirit, such as specially distinguished their father’s 
character. The eldest son, Mr. Patrick Stirling, was for 
a long time the locomotive superintendent on the Glasgow 
and South-Western Railway, with head-quarters at Kil- 
marnock, and is now well known on this side of the 
Border as the locomotive superintendent of the Great 
Northern Railway. The youngest son, Mr. James 
Stirling, succeeded Patrick in the service of the Glasgow 
and South-Western Railway Company, and has recently 
been appointed to a similar position on the South-Eastern 
Railway. Another son, William, was engineer to the 
Lima and Callao, and is still in South America. Like 
his brother James, the late Dr. Stirling early developed 
a remarkable taste for mathematics and mechanics, and, 
as already indicated, so early as the year 1816, when he 
was about twenty-six years of age, he invented and 
patented his air engine, which was afterwards improved 
somewhat by his brother James, and re-patented in 1827, 
and again in 1840. In its best form Stirling’s air engine 
was constructed at the Dundee Foundry in the year 
1842, for the purpose of driving the machinery there ; it 
had a working cylinder of 16 in. in diameter, with a stroke 
of 4ft. The engine drove the machinery at the Dundee 
Foundry for several years at a very small cost for main- 
tenance, there being little tear and wear of parts. 

During his whole life mechanics formed the favourite 
pursuit of Dr. Stirling, and he constructed, with 
great neatness and dexterity, many optical and other 
scientific instruments. He also discharged the duties of 
his -pastorate with great fidelity, and his upright, 
straightforward character won for him the esteem, not 
only of his own people, but also of the whole community 
who enjoyed the benefits of his public spirit and active 
benevolence. 








AmeErRIcAN MucuanicaL InpustRy.— About fifty new 
box cars are building for the Cleveland and Pittsburgh Rail- 
road, at Cleveland, Ohio. A new rail mill of the bria 
Iron Works, at Johnstown, Pennsylvania, has resumed 
double turn, and an additional number of workmen have 
thus been furnished with employment. Mr. Miller*of the 
Duquesne Forge, Pittsburgh, has just completed a Bessemer 
steel shaft for a steamboat. The shaft is hexagonal, 21 ft. 
long and 6in. in diameter, and it is the first steel shaft for 


a steamboat ever forged in Pittsburgh. The steel was | of 


made at the es Thomson Steel Works. Messrs. A. and 
P. Roberts, of the Pencoyd Iron Works, Philadelphia, are 
making the axles for 400 freight cars now building at the 
Harrisburg Car Works. The demand for steel rails has 
continued active at Philadelphia. 











NOTES FROM CLEVELAND. AND THE 
NORTHERN COUNTIES. 
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pene wipe de dard Bie alt nym at YF pee 8 
quenters e@ 

fer tyra 


a themselves 
with sauntering ig in front of the 
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Afr. Tnanc Wilson, one ofthe diretors ofthe North-astorn 
hairman of Messrs H Gilkes ' 


brough, was the cause of great satisfaction. Pig 
makers were firm in the tions given last weék, viz., 
No. 3, 39s. per ton, and other qualities at proportionate rates 
Comparatively few transactions were reported. Makers’ 
stocks are not so large; and Messrs. Connal and. Co. have 
been delivering iron out of their warrant s' . The 
stocks of warrants now in their Middlesbrough and Dar- 
lington yards amount to 61,900 tons, while ey have in 
their @ Ww = 178,000 tons. The opinion gains 
ground that the Eastern question will be settled amicably, 
and that trade will speedily revive. 


The Finished Iron Trade.—There is nothing new to 
report in this branch of industry. 
Proposal to Hold @ Daily Market at Middlesbrough. — 
It is proposed to hold a daily ’ at ee 
There is now a considerable warrant busi done in the 
Cleveland district, and it is thought that the Glasgow 
mode and a daily market would be advantageous. 

early Meeting.—The quarterly meeting of the North 
of ns iron and allied trades will be held at Middles- 
brough on the 9th proximo. 


Funeral of Mr. Bolckow.—On Sai the remains of 
Mr. Bolckow, M.P. for Middlesbrough, were interred at 
Marton, a short distance from the town which he repre- 
sented since its enfranchisement. The funeral was at- 
tended by all the leading people in the district and 
representatives of the iron trade and other industries. 
Mr. Bolckow was chairman of the great of 
Bolckow Vaughan. It is probable that the dep po 
man, Mr. Benjamin Whitworth, M.P., will be appointed to 
the vacant presidency. 

Engineering ‘and Shipbuilding.—The e and Tees 
builders have a number of steamers on the stocks. On the 
banks of the former river there is no work going on this 
week, in consequence of the Newcastle races. This is really 
the holiday of the year amongst the Tynesiders. 





Docks at Pestu.—The panistoaly of Pesth has decided 
on having docks built at that port. ‘The docks are to pro- 
vide accommodation for an aggregate of 55,000 tons. 0 
aggregate movement of ce and goods at Pesth now 
amounts to about 700,000 tons annually ; but it is expected 
that this total will be considerably increased. The cost of 
the works is estimated at 576,001. ; they are to be under- 
taken by a company, to which the city of Pesth will grant 
a yearly subvention of 15,0001. 


TEXARKANA.—The city of Texarkana is built at the 
junction of Texas, Arkansas, and Lo’ It received 
its name in 1819, when an enthusiastic surveyor, while 
running the lines, blazed the three f: ents of the names 
of the new States on a tree, and p that a great 
city would be built there. Three years ago, when the 
town was founded, the name, still to be seen.on the old 
tree, was adopted, and the iction seems in a fair way 
to be verified, as the town now has 3000 inhabitants, and 
is an important rai crossing. 





Canadian Diag Gemgaup ie! inmetian enaualtbes te 
i e mpany is increasing so fast that the 

propose to double the capacity of the mt woe. 
Another engine from the Baldwin lossmnaire’ Works has 
3 “mr —— now — — Says - use at the 
works, two of a 3 ft. gauge o of a 4ft. 84 in. . 
Ea nth is come ido than 8 dl 
reig’ e oni wa, t. About 
two earloads of manufactured ivon are daily 

from Londonderry station, and large. ities of cord 
from Pictou and limestone from are received. 


Sour AusTRALIAN HarBour Worxs.—At the last 
———— the South Australian Marine Board; the oye 
for har urs presented his report for March, 1878. ré- 
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DIFFERENTIAL SCREW JACK. 
Orpimarr screw jacks with rack and pinion are liable SAFETY 


in uence of the sudden strain fre- 


to di 

uently put upon the ; those with worm-wheel and 
pane e absorb a large amount of power by friction, 
and hy are, in consequence of the necessary 
valves and pac , liable to out of order, and are 


but rarely used in outdoor or where cannot 
be executed. The jack we illustrate, constructed by 


conical wheels a and c are mounted upon the horizontal 
shaft 7, which carries the crank at the other end. These 
wheels gear into the wheels 5 and d, the latter of which 
contains the nut for the lif spindle, while the other is 
connected by a long sleeve with an equal-sized wheel 5). 
Inside this sleeve h a feather is fixed sliding in a groove 
in the lifting spindle. This second wheel consequently 


" ! 

















rotates the spindle in the same direction as the nut turned 
by the first, thus the actual lift of the spindle is only that 
produced by ,the difference in proportion of number of 
teeth between a to bandctod. By altering this propor- 
tion, jacks are constructed to carry loads varying from 
10 tons to 40 tons, while the pressure onthe wheel teeth 
is only that due to the on the crank. 

The crankshaft takes its bearing in an eccentric boss, 
which can be moved by means of a handle through half 
a turn, when the wheel } is thrown into gear with 5, 
allowing a quick return for the spindle, or if the crank 
be —sS os 0 te direction, light a can be 
raised quick] t. During this opera- 
tion the lower wheel cumming the nut has of course to 
be fixed in position by a bolt and feather shown in the en- 
graving. moving in this jack, spindle, axles, 
and wheels are made of cast steel, and the whole is a 
hs neat and substantial arrangement. The weight of a 
jack to lift 10 tons is about 100 Ib. 








VALVES. 


CONSTRUCTED BY MESSRS. ALEXANDER TURNBULL AND CO., ENGINEERS, GLASGOW. 
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WE annex engravings of three arrangements of safety 
valve, made by Messrs. Alex. Turnbull and OCo., of 
Glasgow, the valves illustrated being of a construction of 
the performance of which we have received very favour- 
able reports. The chief features in the valves are that 
they are entirely free from all obstructions—such as 
guides, feathers, &c.—in the steam passages to which 
they are fitted, while the yalves themselves are of bell 
form as shown. 

The valve shown by Fig. 1 is a dead load valve, and it 
consists of an inverted cylinder or bell chamfered at its 
lower end and resting on a flat surface of small extent. 
The valve is guided externally at its lower extremity by 
six thin guides or ribs which project up from the valve 
seat as shown, while the upper end of the spindle (which 
is cast in one with the valve) is guided by passing 
through a brass ferrule fitted to a boss, which is con- 
nected by four wings to the escape pipe. The loading 
of the valve is effected by a cylindrical weight connected 
by four ribs to a central boss which fits on the top end of 
the valve spindle. This cylindrical weight imposes on 
the valve a load of 20 Ib. per square inch, and each of the 
ring weights, which may be added as shown, applies an 
additional load of 10 1b. per square inch. 

An eceentric and easing lever is provided (as shown 
on the left hand side of Fig. 1) for raising the weights and 
blowing off when necessary, the effect of the easing 
eccentric being to turn the valve partially round each 
time it is used so that when it re-closes it comes down on 
a fresh bearing surface. Ordinarily the steam escapes at 
the open end of the vertical pipe, but when required this 
pipe is closed and a branch escape pipe cast upon its side 
or upon the side of the valve casing. 

Fig. 2 shows a spring load valve for marine purposes. 
The form of the valve is similar to that already described, 
but the valve is guided externally at the lower end by a 
brass cylindrical casing, as shown, this guide having 
only a narrow surface in contact with the valve. The 
arrangement of the spring will be readily understood 
from our engraving, and it will be seen that the upper 
end of the valve spindle is guided by an extension of 
the spring-compressing nut. 

Fig. 3 shows a valve intended for locomotive, portable, 
and steam launch boilers, the internal construction being 
similar to that shown by Fig. 1, but the load on the valve 
being imposed by two springs arranged as shown, The 
tension on the springs is adjusted by nuts on the eye- 
bolts at the bottom. When this construction is applied 
to a pair of valves, Messrs. Turnbull generally load the 


| two valves by two springs only, the valves and springs 
| being arranged in one line, an arrangement which the 


makers consider insures a most perfect adjustment of 
load on the two valves than can always be secured when 
two valves are loaded by a spring placed between them. 
We have, as we have said, heard favourable reports of 
the action of Messrs. Turnbull and Co.’s valves, and we 
understand that give good results, both as regards 
their great discharging power and prompt closing power 
when the mare falls again, while they are certainly 
very simple in construction. Messrs. Turnbull inform 
us that they guarantee their dead load valves to lift 
one-fourth of their diameter, with an increase of pressure 
of from $1b. to 2b. per square inch above the pressure 
at sag they - set to blow. 
spring loaded valves also discharge very freely, 
and the makers regard one-tenth of the area insisted upon 
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by the Board of Trade for marine boilers as being amply 
sufficient to discharge all the steam the boilers can make, 
with an increase of pressure of from 1 Ib. to 3lb. per 
square inch. If this result can be insured, and there is 
certainly no difficulty in proving or disproving it, marine 
engineers will have a strong fact to advance in support of 
the much desired alteration in the Board of Trade rules 
with regard to safety valves. So long as ordinary valves 
are used we do not consider the regulations unfair, al- 
though they are undoubtedly somewhat onerous when 
high pressures have to be dealt with; but there is no 
reason why they should be adhered to if it can be satis- 
factorily proved that by adopting certain improved forms 
of valves, all the necessary discharging powers can be 
obtained with much smaller valves than are now in- 
sisted on. 


NOTES FROM THE SOUTH-WEST. 
The R Iron Company’s Steel Venture.—The 
directors of the Rhymney Iron Company report in 
to the manufacture of steel, that the company’s new 
Bessemer plant was put into operation in January last. 
Its power of production has —— satisfactory. It is 
capable of turning out about 1 tons of steel i 








ingots per 
week, hee. to a weekly make of about 850 tons of steel 
rails this can be easily augmented with a pm ng ae 
small additional outlay. In reference to the trade in steel 
rails, although the demand has shown that a preference 
for that material over iron is extending, it has not been 
sufficient to maintain a proportionate difference in the price 
of the two materials in the face of the large production of 
the numerous firms who have during the last few years 
embarked in the trade. Their competition for orders has 
forced the market price of steel rails down to 51. 10s. per 
ton, a rate which has generally been considered low for 
iron rails. ; 

The Rail Mills at Swindon.—It is understood that the 
Great Western Railway Company have decided to close 
the rail mills, which form a part of their works at Swindon, 
and in which several hundred hands have been employed. 
This measure is, it is said, rendered necessary by the intro- 
duction of steel rails. It is further stated that the com- 
pany may possibly erect steel works at Swindon. 


Swansea.—There has been a decided improvement in the 
coal trade during the past week, shipments having increased 
to the extent of 8000 tons over the quantity shipped in the 

ious week. In tin plates there is a little better inquiry 

‘or charcoal for America, and according to the last accounts 
from New York the demand there continues active. The 
general trade of the district has a more satisfactory aspect. 

Sewerage at Torquay.—The Torquay Town Council are 
engaged in the construction of a system of main sew 
for the town under the supervision of Sir Joseph Bazal- 
gette. The estimated cost is 65,0001. 


Blaenavon.—The forges and mills at the Blaenavon 
Works, which had been idle for nearly a ey were 
re-started on Wednesday. The new steel works belonging 
to the company, and which, it is said, will cost between 
200,0007. and 300,000/. are being rapidly pushed on towards 


Rhym Iron Company.—The annual report of the 
we Company for the year ending <r 31, 
, is of a most disco nature, showing a upon 
ing for the year of 54761, which, added to interest 
makes a total loss on the twelve months’ 
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THE “GLEN ROSA.” 


THE following is the report, just issued, of Mr. F. W. 
Wymer to the Board of Trade on the recent collapse of 
the uptake on board the s.s. Glen Rosa, and the remarks 


of Mr. Trail thereon : 
Greenock, January 14, 1878. 


Sir,—I have the honour to report, for the information of 
the Board of Trade, that a casualty has occurred to the 
boiler of the above-named vessel, through the collapsing of 
the uptake, which is situated in the steam space of the 
boiler. The accompanying sketches will explain the 
manner in which the collapse has taken place. Fig. lisa 
vertical section of the boiler, showing the general 
ments of the parts, and the places A A at which the uptake 
has collapsed above the water level, in the steam space only 
of the boiler. Fig. 2 is a plan of the boiler, showing the ar- 


Fig .1. Woz 


aot 











We find by the Board of Trade rules that this uptake 
tube, had it been worked under the usual conditions of a 
furnace, would, so far as collapsing strains are concerned, 
have been allowed a working pressure of about 52 lb. 
square inch. General ex ce has proved that the rules 
referred to allow an am of strength when the 
tube is worked under the usnal conditions of a furnace 
with water in contact. The fact that this uptake should 
have failed at a oo of 45lb. per square inch, a 
pressure so much than the ultimate strength of a 
similar furnace tube, apueers to prove that the same rule 
is not applicable to both furnaces and heated uptakes, and 
if experiments should prove that the ceamnaenteel rinciples 
apply; there can be no doubt that the constants in the 

of Trade furnace~rule should for uptakes be con- 
siderably reduced. 

I have observed that some engineers have felt a difficulty 
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rangement of circulating pockets, B B having passages con- 
necting the top and bottom water spaces of the boiler, 
these passages Fm outside the circular shell of the boiler. 
Fig. 3 is an enlarged yiew of the vertical section of the up- 
take, showing the manner in which the uptake was origi- 
nally constructed, having three double plated supporting 
rings fitted with twelve 1 in. screw stays to each ay 4 
ing ring ; these stays being screwed into the plates of the 
uptake, and fitted with nuts at each end. Fig. 4 is a view 
of the cross section at A A, showing the position of the lap- 
joints of uptake, the arrangement of supporting rings and 
stays, and the manner in which bulging or my took 
= in the uptake at the lap-joint portions of the tube, 
eaving the plain parts of the plates intact as constructed. 
Fig. 5 is a vertical section of the uptake as now constructed 
(in lieu of the damaged uptake), showing the arrangement 
of rings and stays for supporting the uptake. Fig. 6 is a 
view of the cross section of the tube or uptake at AA 
showing the mode in which the joints are now constru 
with butt-joints, instead of lap-joints as formerly, the ar- 
rangement of rings and stays for a geonp oy | the tube being 
continued with a slight modification as to height of lower 
ring which is shown in Fig. 6 at lower 5 

The design of these boilers is such as to render the uptake 
liable to overheating. I have observed that where the 
uptake Pane is in contact with water it retains its shape, 
but in the steam space a great difficulty is frequently ex- 
perienced in ing the plates to stand, although neglecting 
the effect of heat, the tube appears by calculation sufficient 
for the working pressure. Steam being a bad conductor of 
heat the temperature of the uptake plate is considerably 
increased. I am not aware of any iments having 
been made to ascertain the temperature in the uptakes in 
this type of boiler, but from the frequent occurrence of 
flaming there can be no doubt that it equals, if not exceeds, 
that in the uptakes of boilers of the ordinary multitubular 
type. In some experiments which were carried out on 
board H.M.S. Urgent, which was fitted with boilers of the 
ordinary multitubular type, it was found that the tem 
ture in the uptake rose on one occasion as high as 
1547 deg. Fahr., and the mean temperatures as reco on 
three separate trials were 1265, 1134, and 1084 deg. Fahr. 
respectively. 

It has been ascertained by experiments that owing to 
the low conducting power of steam that when heat is ap- 
plied to a plate with steam in contact as much as four- 
tenths of the heat applied, remains in the plate to accumu- 
late and increase its tem . When we consider this 
circumstance, and the fact that iron- loses half its 
strength between 1030 and 1100 deg. Fahr., and that 
at a temperature of 1317 deg. Fahr. it has only three- 
tenths of its strength remaining, there is no doubt that the 
strength of this uptake was much reduced by heat. 
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in tracing the failure of uptakes in this type of boiler to 
their cause, owing to the fact that in a similar boiler 
it has remained uninjured. This has led to a disposition 
to attribute the difference of behaviour to some hidden 
cause or causes, instead pete ton I it as simply the result of 
different conditions. A ul investigation will, I am con- 
vinced, in most cases show that this is the real explanation. 
It is obvious that eid Hepp Arch borer | 
character, or if being rather small for the engines wit! 

which it is connected, the fires are urged to obtain sufficient 
steam, or if the firegrate surface of the boiler is larger than 


usual in ry sew? with the heating surface, that either of | 967 g 


these would be sufficient to cause a great increase in the 
a. gg easlanaaessttesaionse be calculated to cause 
ure. 

Age, if the uptake is slightly out of the circular form 
its a ais fo rene year is ay Sa Unless 
itis ully gauged, this deviation from the circular form 
is most likely to be overlooked, and on collapse taking 
place there is no means of ascertaining if it has led to the 

ident. 

In conclusion, I respectfully beg to su; that in calenu- 
lati the workin, pressure for u mile by the usual 
rule for circular furnaces that constants be consider- 
ably reduced, in order to insure a sufficient margin of 
strength, which I am convinced does not at present exist in 


many cases. 
I have the honour to be, Sir, your eat servant, 


The Assistant Secretary, Marin mime 
ssis 4 C) 
Board of Trade, London. ‘ 
both aie ant indie oe 
Mr. Wymer’s is in’ i i ive. 
There ante no bt that uptakes, when not covered 
with water, are liable to i This weakens the 


plates, and sometimes renders them unable to withstand a 
pressure which could safely be ied toa similar tube if 
worked under the i tions of a furnace with 
water in contact. As Mr. ints out, the behaviour 
of an uptake is very same adheste by the conditions under 
watch © fo washed wae the fires, or the use of flaming 
coal being specially liable to cause an intense heat in the 


Fetes to be made thicker than claiher taboo as fur- 
naces. It should be needless to remark that the Board of 


Trade rule for ascertaining the pressure for cir- 
our Sesnnene was ac} Bee = to , and 
unless such parts when cold, possess a considera 

of strength above what is sui for furnaces of the same 


size, the case should be submitted for consideration. 


It would, I think, be well to send Mr. Wymer’s report to 
each of the surveyors, in order to strengthen their hands 
in dealing with similar cases. 

Tuomas W. TRarx1. 





ON MECHANICAL, TRACTION UPON 
TRAMWAYS.* 
By M. AnarouE Mauer, of Paris. 
(Concluded from page 504). 

3. Tramways Worked Hot-Water Engines. — The 
chief inconv: a ia, locomotive steam engines in 
towns are those arising from the presence of a furnace that 
=e an gives rise to the production of smoke, 

es, and rs, to the annoyance of both passengers 
and public, to say nothing of the risks which may 
These cbjections ih’ kas bomn’ fhonels mike te Deke 

ese 0 ms ii t 
without lene away with the use of = ooner direct, 
by storing up in a mass of hot water a sufficient amount 
heat to produce the steam required. As is well known, 
when a locomotive is taking more steam than the firebox 
and tubes are pole the pressure drops, the temperature 
of the water diminishes at the same time, and the engine 
is drawing its supply of steam from the hot water. The 
idea of producing steam in this manner for the regular 
working of an engine, so far as the writer is aware, was 


first propounded some years ago for the alsion of sub- 
marine vessels; the boilers containing a code a0 
water would have worked in the ordi manner so long 
as the vessel was above water; then, w it was to be 


sunk below the surface, the chimneys and ash-holes would 
have been closed, and the vessel d have been driven by 
hot water. The first application of this an on tram- 
ways appears to have been made in the United States by 
Dr. Lamm, who had previously tried ammoniacal gas as a 
motive power without much success. 

The principle of the system consists in providing the 
tramcar with a closed vessel or reservoir containing water, 
which is at pleasure put in communication with a stationary 
boiler produci i’ steam at high pressure; the steam con- 
preerye J heats the water to a temperature nearly equal to 
that of the boiler. If, when the reservoir is once with 
hot water, a communication is opened from the top of it 
to the driving cylinders, steam will be produced at the 
expense of the water in the reservoir, the temperature of 
which will be lowered. When the temperature has fallen 
too low to produce steam of sufficient pressure, the water 
will have to be heated up again by a fresh suppl of steam 
from the boiler. It is readily seen that the su of steam 
furnished by the reservoir of hot water will be ter 
according as the difference between the initial and the final 


temperature of the water is ter ; and inasmuch as the 
final temperature is generally fixed’ by the conditions of 
working of the engine, the object to be aimed at is to get 
-as high an initial temperature as possible. Taking w t 
to represent the initial weight and temperature of the 
water (deducting the normal Supenters of cold water), and 
w—a and t' the final weight temperature, w being the 
weight of water transformed into nes and supposing 
further that this weight « be evaporated at a temperature 
midway between ¢ and ¢', and ta, 0 m for the quantity 
of wok ape po ys ¢ ree of we or these 
conditions, c c' for the specific heat of th 
at the temperatures ¢ and t', we shall have ear 
wet—(w—2) cl t=ma 
whence 
ex’ (ct—c!t') 
m—ct ° 

If the lower temperature t' be taken at from $27 deg. to 

eg. Fahr., corresponding to a final steam par ohn of 
from 100 lb. to 40 1b. od square inch, and if successive 

e initial tem ture t, then the 

quantities of steam furnished by 100 a ag ~ ht of 
i . It will 
observed that these sgrantities vary erably—from phe 
5 to 13 per cent. of the weight of the water; and that to 
obtain any considerable quantity of steam from the hot 
water the final temperature must be rather low. But on 
meet rd mood, the — so obtained will do more or less 
work acco as it works at a greater pressure 
and with ‘nove oF less exyanaion. sl 


Weight of Steam given off 100 1b. of Hot Water be- 
tween the limits stated of Pressure and Temperature. 





Final Pressure and Temperature, 





Initial 
Initial | Tempera-| 199 jy, | 75 1b. | 60 1b. | 501b, 1 


40 Ib. 
MFounds’ | Demtces (227 4eg.|907 deg./293 deg.|280 deg,|267 deg. 


per sq. in. Fahr. 











Weight of Steam given off. 








Ib. Pabr. Ib. 1h, lb, Ib. Ib. 
220 385 deg. 6.80 8.90 10.40 11.50 13.00 
175 | 871 ,, 5.06 | 7.20 | 880 | 10.00 | 11.40 
160 357 ,, eco 5.60 7.10 843 9.80 











135 9 ,, os seo 6.23 7.60 8.93 
120 340 ,, vee sod 5.25 652 1.96 
100 327 ,, ose oes eos 5,20 6.66 
90 312 ove o0 ose ove 5.83 














The first application of the hot-water engine appears to 
need boon that at New Orleans, under the name of the 
fireless pop 0 fi Rag Jig principal ~ 
ticulars of one engines town, w 

it should be stated, on a dead level. ‘The reservoir is 








* read before the Institution of Mechanical Engi- 















































SS ST neni 








ENGINEERING. 





[June 28, 1878. 











524 
. Tin. in diameter, and 9ft. long, containing about | shared between an independent locomotive and the car | vertical cylinder full of water. “The. firebox and boiler 
30 wubte toot or 200 gallons of hot ar ol at an initial tem- | drawn by it aré here united in one and the same vehicle. contain respectively fuel and water enough to require neither 


ture of 390 deg. Fabr. The wheels are 2ft. Gin. in 
iameter, and the axles 5ft. 7in. apart. The cylinders 
are 4}in. in diameter and 10in. stroke, and are furnished 
with a second slide valve with variable cut-off for regulat- 
ing the admission of steam according to the pressure. 
When fall of water the engine is said to weigh only 
8700 lb. or 3.88 tons, whieh appears very little; it can take 
an ordinary tramear a distance of six miles, the pressure 
falling to 40 1b. per square inch. This kind of engine has 
been introduced into France by M. Francq, who has con- 
structed several of them. Since their first trial on the 
tramway from Neuilly to St. —— they have had to 
undergo various modifications. New engines have been 
constructed by Messrs. Cail, but they have not yet com- 
menced running regularly. From these trials, as well as 
from those ein Belgium at the Seraing Works, the 
conclusion arrived at is that in practice 5000 foot-pounds 
could be obtained from 1 Ib. of hot water between the 
limits of 355 deg. and 305 deg. Fahr. The reservoir con- 
taining 3500 1b. of hot water, this wou!d be equivalent to 
174 million foot-pounds of work, which if expended in one 
hour would be equal to about 9 horse power. As the 
quantity of steam obtained within the above limits of 
temperature would be about 6 per cent., or 3500 x 0.06— 
210 lb., each horse power would take 210—-9=23.3 lb. of 
steam only, which seems very difficult to believe in the 
case of an engine constructed without any special provision 
for the economical use of the steam; and it is probable 
that the limits of temperature were considerably wider 
apart. 
Horse Power produced in 1 Hour by 50 Cubic Feet of 
Hot Water giving off the Percentage of Steam stated. 

















Weight of Steam expended per Horse 
Power per Hour. 
Percentage | Weight of Bie ¥ 
of Steam | Steam given 50 Ib, 35 1b, 20 Ib. 
given off. | off per Hour. 
Horse Power produced in 1 Hour. 
r cent, Ib, horse power horse power| horse power 
mi 400 8 ll ) 
10 300 6 8.8 15.5 
7 210 4 I | 11 
5 150 3 | 44 7.8 











ew engines now being tried in Paris, it appears 
that 8 to 14 — cent. of steam is obtained from the hot 
water between the limits of 385 deg. and 273 deg. Fahr., 
which agrees fairly with the percentage given by the 
figures in the foregoing Table. It ma, therefore be con- 
cluded that between these limits 1 1b. of hot water will take 
a load of from 50 Ib. to 80 lb. a distance of one mile, whilst 
1b. of compressed air will take 6001b. through one mile. 
But as a set-off to this, 1lb. of coal produces only 6 lb. of 
compressed air, whilst it will heat up at least 80 lb. of 
water; so that with compressed air 1!b. of coal will take 
a load of 9600 Ib. through one mile, while with hot water it 
will take from 4000 Ib. to 64001b. These figures, aaa 
require further verification by more extensive practi 
experience than has hitherto been acquired. — “ea 
his hot water system has also been tried in Belgium in 
the form of automatic cars, the driving gear being placed 
on the cars themselves, without independent locomotives ; 
but no results seem to have been obtained yet from these 
trials. : 

The use of hot water may be pronounced very sound in 
principle ; but it appears that in practice it presents certain 
difficulties, not only from the considerable quantity of 
water that the steam carries along with it, but also from 
the length of time occupied in reheating the water in the 
raservoir. It has been found too that the water does not 
always get fully heated up to the temperature properly 
corresponding with the pressure of the steam, so that the 
reheating is not completely effected; this is robably a 
question depending upon some point of detail in the arrange- 
ments. The chances of accident to the stationary plant 
are less with hot water than with comp air, inasmuch 
as there are only boilers, without any compressing pumps 
or engines. step : ; : 

It will be seen however that it is possible with ordinary 
locomotives to realise the greater part of the advantages 
of hot-water engines with much greater freedom from re- 
strictions. There would then remain only one point in 
favour of the hot-water system, namely the economy re- 
sulting from the generation of the eteam in stationary 
boilers as compared with small locomotive boilers; this 
advantage however is not so large as would be thought. 

4. Tramways Worked Direct Steam Engines.—In 
this class are comprised (1) automatic cars, carrying both 


passengers and driving power ; (2) locomotives properly so 
called, that is, independent engines carrying = what is 
required for furnishing the driving power, and drawing 


one or more cars whic ; A 
load—or at least the greater part of : he paying portion, 
some engines being so arranged as to be capable of carry- 
ing a few when required. — 

The comparative merits of automatic cars and of locomo- 
tives deserve, in the writer’s opinion, to be fully discussed. 
If automatic cars present any advantage, it would seem to 
be more particularly in connexion with other kinds of 
motive power than steam, such as compressed air ; while, 
on the other hand, the automatic a is attended with 
serious objections. If it be urged, for instance, in favour 
of automatic cars that their weight will almost : 
be canoe secure the requisite adhesion, this may 
be met by the following objections to which they are 


ore he chances of damage ena dectdens which welld be 


carry the paying portion of the | This 


2. So large an amount of dead weight is concentrated in 
a single vehicle, that, in the event of a breakdown of the 
driving power, it would be a difficult and troublesome 
matter to clear the road. 

3. The automatic plan does not admit of the instan- 
taneous substitution of mechanical traction in place of 
horses ; nor does it allow of using several different kinds 
of vehicles, such as summer cars and winter cars, which 
ners only be accomplished by an entire change of rolling 
stock. 

4. The proximity of the driving power to the passengers 
is more or less dis: ble, if not a source of positive 
annoyance and even : 

5. There is a liability to unequal distribution of the load 
upon the wheels; and the hand gear for controlling the 
movements involves a certain amount of complication, if 
the car is arranged for running at pleasure in either 
direction, while if not its great length renders it difficult 
to turn. 

This distinction being recognised between automatic 
cars and independent locomotives, it seems very difficult 
to settle how to classify the different attempts which have 
been made to employ steam engines on tramways. A 
chronological arrangement is attended with great un- 
certainty, anil mechanically is of little interest; and a 
geographical classification is therefore adopted as better 
suited to the present objects, which is principally to examine 
what has been done in mechanical traction in the chief 
Continental cities. 

France.—If mechanical traction was not tried in France 
in the very first instance, it cannot be denied that in this 
country it has undergone very careful trial for a lengthened 
— and is likely before long to obtain a firm footing. 

t may here be noticed that the tramway engines which 
have hitherto worked in France have all, or almost all, 
been supplied from abroad by English, Belgian, or Swiss 
makers. 

The first kin of tramway engine employed in Paris was 
that built for Mr. G. P. Harding by Messrs. Merryweather 
and Sons. From the middle of 1876 to a very recent date 
these engines worked the line from Mont-Parnasse Rail- 
way Station, at first to the Botanical Gardens, and after- 
wards tothe Bastille; and subsequently the line from the 
Bastille to Saint-Mandé. At the present moment, for 
reasons apart from mechanical interests, their running is 
discontinued ;* but their actual working for such a length 
of time, notwithstanding that the economy realised 
not been clearly ascertained, has at least had the merit of 
demonstrating the practicability of employing steam power 
for traction in the streets of a large city. The Merry- 
weather engines‘are small locomotives very like those used on 
railways, but boxed in by a casing reaching to the ground, 
which gives them the appearance of very short tramcars ; 
in some of the engines these casings are made of wicker- 
work, to combine lightness with strength. There are 
four wheels coupled of 2 ft. diameter, the two axles being 
4 ft. 10 in. apart ; one is acrank-axle, worked by two hori- 
zontal inside cylinders of 6} in. in diameter and 10 in. 
stroke, with ordinary link motion. The boiler is an ordi- 
nary locomotive boiler with very short tubes, and the fire- 
door is at one side ; part of the exhaust steam is discharged 
into the fire, and the rest into the chimney. The engine 
weighs 3 tons empty, and about 4 tons full; and is in 
charge of a driver a stoker. A considerable number of 
engines have been built to this pattern, and have given 
tolerably satisfactory results ; but it must be borne in mind 
that their arrangement is not thoroughly adapted to the 
sgeelet work they have to perform. The machinery is 
Pp. between the wheels, close to the d, exposed 
to mud and dust, and difficult to get at; the cost of main- 
tenance accordingly appears to have been very heavy. The 
engines are light, but would not be pouertal enough for 
moderately steep gradients. 

The Rouen tramways are worked by engines of the same 
class, some built by Messrs. Mi ther, and others by 
Messrs. Fox, Walker, and Co. of Bristol. They draw on 
week days one tramear with seats on the roof, and on Sun- 
days three similar cars, the route being tolerably level. 

n the Paris tramway previously referred to in connexion 
with M. Mékarski’s compressed air tramcar, from L’ Etoile 
to Courbevoie, a trial has been made of an engine which 
will shortly be =e at work there, built by M. Brown, 
of the Swiss E: e Works, Winterthur ; similar engines 
are already employed on the Geneva and Milan tramways. 
In this engine an attempt has been made to avoid most of 
the inconveniences met with in those before mentioned as 
employed in Paris; and this has been to a t extent 
successfully accomplished. The essential iarity of the 
engine consists in transmitting the driving power from the 
cylinders to the wheels by means of a vertical beam or 

lever, which allows of raising the cylinders above 
the wheels. Sucha beam is well known to have been pro- 
posed a great many ago for locomotive engines ; and 
more recently it has ey ag ire in a loco- 
motive that was shown at Vienna ibition in 1873. 
arrangement is said to have the the advantage of 
balancing the reciprocating parts, and of avoiding counter- 
weights in the wheels. The engine built by M. Brown is 
fitted also with a valve gear of his invention, having 
neither link nor eccentrics, which is stated to possess 
peculiar advantages; it appears however that the valve 
motion is not altogether disconnected from the axles of the 
engine, and that it also requires the use of a considerable 
number of weigh-shafts. slide valves themselves are 


underneath the cylinders, so as to get rid of con- 
water. The boiler is of steel, registered to a 
pressure of 15 atmospheres (220 lb. per square inch); it has 


very short horizontal tubes, and over the firebox is a large 
* Since this was written the running of these engines has 








been resumed. 


stoking nor feed during the whole of each run; and the 
quantity of heat stored up in the water allows of putting 
more than the usual work on the engine in case of need. 
These arrangements are excellent enough, but are in no 
respect peculiar to this particular engine. The chimney is 
specially arranged for preventing noise from the exhaust ; 
but there is no vision for condensing the steam. The 
engine weighs about 7} tons in working order, and can 
draw two cars with seats on the roof, each carrying fif 
passengers, on a line like that from L’Etoile havi 
gradients of 1 in 50. 

A third type of engine about to be employed in Paris is 
one built at the St. Leonard Works, Liége, having three 
axles, two of them coupled for driving, while the third, 
being only a carrying axle, has play allowed it to facilitate 
running round curves. ‘The cylinders are outside, and 
placed at the level of the wheels. The main peculiarity is the 
mode of dealing with the exhaust steam ; this is divided into 
three portions, one of which is condensed, while another 
is discharged into the firebox, and only the third into 
the chimney. In this way it is thought the noise of the 
exhaust will be diminished, at the same time that the 
difficulty of condensing the steam is also lessened. This 
engine is only on trial in Paris ; one of the same make is 
shown in the Exhibition, where also may be seen several 
other tramway engines. 

A trial of a steamcar was made in Paris about a year ago 
on the tramways of the General Omnibus Company. i 
car was on the plan of M. Boliée of Le Mans, by whom a 
steam-carriage for ordinary roads had previously been 
built, which had proved to a certain extent successful. 
Having to run round very sharp corners, it was made so 
that its four wheels could be driven independently at 
pleasure. There were two — of cylinders, placed at an 
inclination of 45 deg., and working upon intermediate 
shafts, from which the wheels were driven by pitch-chains 
and chain-pinions. In addition to the very complicated 
nature of this gear, there were no means whatever of 
getting at it. In front of the car was a vertical boiler ; 
and the exhaust steam was condensed in tubes cooled by a 
current of air. The car carried fifty passengers, and was 
altogether excessively heavy, in addition to its complicated 
construction. It was discarded after the first trials, and 
thus served only as a confirmation of the inconveniences 
attending automatic cars. 

Belgiwm.—In the middle of 1875 a tramway locomotive 
built at the works of the Belgian Iron and Coal Company, 
Nivelles, was tried in Brussels. This engine is boxed in like 
a tramcar, and in addition carries a platform for passengers 
at each end. There are four wheels coupled together, and 
also coupled to an intermediate axle, driven through a 
wormwheel and endless screw by a small three-cylinder 
Brotherhood engine running at about 400 revolutions per 
minute. The boiler is of the Belleville water-tube con- 
struction; avd the draught is obtained by a Koérting 
blower, the exhaust steam being condensed in tubes cooled 
by a current of air. The engine can draw one ordinary 
tramcar up an incline of 1 in 50 at a speed of 9 miles an 
hour. 

The trials of this engine brought to light certain objec- 
tions, which have been partly got rid of in the second 
engine. Thus the endless screw, which was attended with 
considerable friction, has been replaced by spur wheels, 
still driven by a Brotherhood engine. The air condenser 
has ne been made larger, the Belleville boiler being re- 
tained. 
In a third engine the mode of driving has been radically 
altered, Brotherhood’s plan being replaced by Woolf’s, 
with vertical cylinders, one on the top of the other. This 
engine has for some time worked the line from the Forest 
of Cambre to Brussels. 
These successive modifications have considerably in- 
creased the weight of the engine, without realising all the 
results that were expected ; for it appears that a fourth 
engine had to be built at the same works, respecting 
which the author has not yet received sufficient informa- 
tion. 
The great fault of these engines lies in the use of boilers 
containing very little water. It may be confidently as- 
serted that if there is any kind of steam engine which par- 
ticularly requires boilers containing a lange quantity of 
water it is the tramway locomotive ; for there is then a 
store of heat capable of yielding at need a considerable 
supply of steam in proportion to the size of the-boiler. The 
necessity of making boilers to contain a large quantity of 
water has been well understood by other builders of tram- 
way engines, as has already been seen. 

+ Liége engines are used which have been built in that 
city at the St, Leonard Works previously mentioned. 

Switzerland.—On the Geneva tramways, engines built 
by M. Brown, of Winterthur, are used, similar to those 

y described in Paris. At the present time no other 
tramways are at work in Switzer: Mention may, 
however, be made of a steamcar) built by M. Brunner, a 
Swiss engineer, and tried on the Lausanne and Echallens 
Railway of 3ft.3gin. gauge. This car, with sixty-four 
passe , weighs 16 tons ; its length is 40ft. over all, 
width 8 ft., and height 14ft. It is carried on a bogie at 
each end, which allows of its running easily round curves 
of 70 ft. radius. The results apparently are not such as to 
invalidate the objections that have been urged against 
steam cars carrying both engine and passe . 

Germany.—On the tramway from C {to Wilhelms- 
hdhe, which is about three miles long, and very much 

mented in the summer, a locomotives are 
used, like those already described, but considerably larger, 
and furnished with a water tank for condensing the steam. 
The boiler has 85 tubes, and 160 square feet of heating 
surface, the moe valves being loaded to 150 Ib. per square 
inch. ‘The cylinders are 8in. diameter, and 10 in, stroke. 





The water tank contaits 440 gallons, which is enough for 
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condensing the steam throughout the journey ; and the 
total weight of the engine in working trim is about 9 tons. 
The consumption per double journey of about six miles is 
115 lb. of coke and 175 gallons of water. 

In Berlin a tramway locomotive built by Krauss and Co., 
of Manich, has been used. It weighs altogether 6¢ tons, 
and has an ordinary locomotive boiler with 135 square feet 
of heating surface, and 250 1b. per square inch steam pres- 
sure. The water tanks are underneath the boiler, and 
form part of the frame, according to Herr Krauss’s well- 
known plan. The cylinders are Fs in. diameter, and 12 in. 
stroke. The axles are 5ft. apart, and the engine can run 
round curves of 60ft. radius. The firebox is capable of 
holding fuel enough to last two hours without stoking ; 
andthe exhaust steam can be condensed at pleasure, or 
discharged into the chimney. The engine of M. Brown, 
previously referred to, has also been tried in Berlin; and 
this, as well as that of Herr Krauss, has been employed on 
the Milan tramways. 

In Hamburg a combined engine and car has been tried, 
forming a single vehicle, but capable of being separated 
for repairs ; it carries forty-three passengers, and can also 
draw an ordinary tramcar hooked on to it. There is no 
condensation of the exhaust steam, the boiler is of ordinary 
locomotive make, and the driving power is communicated 
to the wheels by gearing. For the nine miles’ run between 
Hamburg and Wandsbeck the consumption of coke has been 
found to be 1401b., or 15$1]b. per mile. This vehicle was 
built from the plans of Herr Samuelson of Wandsbeck. 

In Vienna, Merryweather engines have been used, as well 
as steam omnibuses built in England. 

General Conditions and Results.—Having now men- 
tioned the most important of the trials made on the Con- 
tinent, and purposely omitting all reference to American 
tramway engines, inasmuch as none of these have as yet 
been employed in Europe, the writer thinks it may be use- 
ful to lay down the conditions which a good tramwa 
engine ought to fulfil, and to point out the results whic 
may fairly be expected from its use, judging by the expe- 
rience already gained. 

The general requirements which should be fulfilled 
in designing a tramway locomotive may be summed up as 
follows : 

1. The boiler should possess considerable capacity for 
enerating steam, not so much in respect of the extent of 
eating surface as in the volume of water it contains. A 

large content of water represents a quantity of heat accu- 
mulated, which enables the engine to work somewhat like a 
hot-water engine, so that the power available can at any 

t be considerably increased. By combining this ar- 
rangement with the use of a large firebox, the attention 
required for the boiler and the fire during the journey can 
be reduced to a minimum. 

2. The driving power should be obtained by the use of a 
compound engine, having two cylinders of different sizes, 
so arranged that in ordinary working the steam from the 
boiler shall be admitted direct into the smaller cylinder 
only, and shall pass thence into the larger; whilst in 
starting, or when greater power is desired, the boiler steam 
shall be admitted direct into both. This arrangement, 
first employed by the writer in the locomotives on the 
Bayonne and Biarritz Railway, and since repeated else- 
where, is particularly suitable for tramway locomotives, as 
the power which they have to exert is very variable. It is 
moreover productive of a considerable saving of fuel, which 
means a smaller boiler and less coal and water to carry. 

3. The machinery should be placed as far above the 
ground as possible, and protected from mud and dust. 
This can be accomplished either by the use of a rocking 
lever, as inthe engines of M. Belpaire and M. Brown, or 
by setting the cylinders at a considerable inclination, to 
work on an intermediate shaft placed between the two 
carrying axles ; or even by using vertical cylinders, as has 
been done in some engines. 

4. Condensation of the exhaust steam is in the writer’s 
opinion generally undesirable, as it introduces unavoidable 
complication. It is enough to take steps for diminishing the 
noise of the escape, as has already been accomplished in a 
marked degree in the compound engines, and it can still 
further be diminished by discharging the steam through a 
large number of outlets, or by other arrangements already 
in use. By burning coke, as is generally the case, there 
will be no annoyance from either steam or smoke, or in 
the event of all discharge of steam whatsoever being pro- 
hibited, the steam would simply be blown into a water tank, 
as is done inside tunnels. As the prohibition would 
probably extend to only a short portion of each journey, 
the water tank would not have to be of a such a large size 
as would be the case if the engine had to work the whole 
time without any discharge of steam into the air. 

5. The axles of the engine should be as few in number 

and as close together as possible, on account of the curves. 
There seems no reason for ever requiring more than two 
axles, which should be coupled together if there are hills 
to ascend ; but for a level road, one driving axle will be 
sufficient, and the engine will then run round the curves 
much more easily, the other axle being able to assume an 
inclined position in plan. Engines of this kind could 
always be made compound, so as never to go much beyond 
a weight of 6 tons in working order. 
_ The details of the arrangements admit of being varied 
indefinitely ; but the foregoing conditions should always 
be observed. The two first are in the writer’s opinion of 
the utmost consequence ; kis own experience on a railway 
where the conditions of working corresponded closely 
with those of a tramway has led him to recognise their im- 
portance. 

A tramway locomotive working on the compound system, 
and capable of drawing two cars of fifty seats each on a 
line presenting gradients of 1 in 50, would not consume 
more than 5 lb. of coke per mile run; and taking the very 
highest price paid for best coke in Paris, namely 40s. per 
ton, the cost would be 1.07d. per mile. Taking the daily 








mileage at 60 miles, and driver’s and stoker’s wages 
ther at 10s., the working expenses per day would be as 
follows : ‘ 
s. d. 
Fuel ... she Mee 5 6 
Attendance, two men eee sas as... ae 
Renewal and wear of the engines, sa 
15 per cent. on 500/. outlay for 300 
working days per year ... oe ie 5 0 
Grease, cleaning, and small repairs 5 0 
Total 25 6 


or say 5.1d. per mile ran. 

This result, which seems capable of being easily realised 
in practical working, shows a considerable advantage over 
the other modes of traction that have been described. It 
would be somewhat difficult to reduce the working cost 
lower, inasmuch as the distance run per day, which has 
been taken at the moderate figure of 60 miles, representing 
from 10 to 12 hours’ work, could not be increased without 
employing a second set of men, involving an increase of 
expenses. The only reduction that could possibly be made 
would be in the attendance, by having only one man on the 
engine, or at most only a man and a boy ; but this would 
save very little. The chief scope for economy is in the 
cost of maintenance and repairs ; these are the points that 
require the greatest attention, and if in certain cases the 
results of steam traction on tramways have not proved 
advantageous in respect of economy, the reason has cer- 
tainly been that the expenses of maintenance have been too 


high. 

fn conclusion, the author may remark that the limits of 
the ony Se aayarg have prevented his entering into the 
subject so fully as it demands, his object having been not 
so much to treat the question exhaustively, as to draw 
attention to its principal features, and to afford material 
for a discussion which may elicit the viewsand the ex- 
perience of those who are interested in the practical ques- 
tion of mechanical traction on tramways. 





THE FLOW OF SOLIDS. 
On Further Applications of the Flow of Solids.* 
By M. Henri TresoA, President of the Société des 
*  Ingénieurs Civils, Paris. 
(Concluded from page 503.) 

Planing.—Of the various operations which have been 
described above, that of punching is the only one which has 
had for its object the dividing of a solid g and formin 
two entirely separate parts—the burr and the punch 
block. The block is augmented by compression of a portion 
of the matter which constituted the cylinder which would 
have been simply pushed out by the punch, supposing that 
the cylinder coull have gue out without giving rise 
to other phenomena. The burr is reduced by the same 
amount. 

Cutting or shearing does not really take place until the 
moment when the burr, in consequence of lateral flow, has 
been reduced to its final height. It has been proved that 
from this moment the resistance opposed to shearing is 
actually proportional to the area of the zone of shearing. 
The coofiicient of resistance applicable to this separation 1s 
no other than the coefficient of resistance of fluidity; or 
what amounts to the same thing, the coefficient of resistance 
to rupture ; so that we are now put in possession of a 
certain formula, applicable equally to circ shearing by 
the action of the punch, and to rectilinear shearing by the 
shear blade or by the turning tool. 

In each case one of the parts of the piece slides upon the 
other part, producing at the two sides in contact a drawing 
out of the successive layers, which are bent over in the 
direction of the length of the shorn surface, in thin shreds, 
like those produ 
really takes place at the moment when these shreds are 
drawn to their extreme limit of tenuity. 

This characteristic of the separated surfaces is met with 
in planing, although the principal circumstances may here 
be entirely different ; not less remarkable, however. 

The principal difference consists in this, that the chief 
compression takes place, not in the solid mass as before, 
but in the cutting which is detached by the tool, which, as 
it forms the exterior portion, opposes to the flow the least 
resistance. If the cutting be compared with the space 
which it occupied in the block before separation, it is a 
observed that it is at the same time considerably shorte’ 
and that, consequently, its thic augmented 
in the inverse ratio of tha shortening. , 

This leading fact in planing is very well exemplified in 
the turning from the wheel-tyre of a locomotive, com- 
prising a cutting from the rivets. These are represented as 
of an elliptical section, 1} in. by 75 in., showing that the 
reduction in length affected by the action of planing was in 
the ratio of 10 to 28, or 0.36. ‘This coefficient of reduction 
is still much greater than it is in many other circumstances ; 
for the thinnest cuttings, the coefficient is occasionally as 
lowas 0.10. 

In another instance, a cutting planed off transversel, 
from a double-headed rail, the height has not been altered, 
but the width has been reduced nearly in the same pro- 
portion as in the first example. 

Another characteristic of cuttings ye soe by planing 
is that the surface of the cutting which rises from contact 


with the cutting-tool is always smooth, and is developed | jn 


geometrically. t ‘ace, in fact, is moulded on the 
tool during the process of deformation, and slides upon it 
in such a manner as to roll itself up in the form of a cone 
or of a cylinder. At this moment, above all others, the 
plasticity of the metal is brought into play; and if the 
original form of the cutting should interpose too serious 
obstacles to this development, it tears or splits accord- 
ing to the direction of the generating surfaces of con- 

* Paper read before the Institution of Mechanical En- 
gineers : Paris meeting. 





by the punch. The separation only | lin 


tact, still responding to the condition first re- 
ferred to. It is well to avoid such rents as‘much as possible, 
for evidently they cannot be produced without the expenditure 
of additional power. Such loss of power must take place, 
especially where it is required to reduce a curved surface at 
one cut, of t breadth. Js of such fissures is 
shown on about a third of the width of another cutting 
from atyre; but those of the opposite edge are attributable 
really to a reduction of the length of the thinner 
in the process of planing. 

other face of the cuttings is always rugged and 
wrinkled with fissures or with transverse ridges, of wes | 
variable aspect, according as the metal is more ductile an 
the cutting is thicker. Kor the greater thicknesses both 
iron and steel present on that surface a multitude of in- 
clined ridges partly prec ve Mey another; and of which 
the incline is still better defined where complete separation 
has been produced. 

These scales have been drawn just as they Aan og under 
the microscope, on a cutting of Bessemer steel. Nothing 
can show better than their general inclination the sliding 
that may be produced in pew nr in consequence of the 
compression which is produced in front of the tool before 
the cutting is completely detached from the block. 

In the greater number of cases the turning when long 
enough winds up into a helicoidal form, as may be seen 
- the cutting, of which the rugged face has just been 
shown. 

The inclination of the spirals depends upon that of the 
cutting edge of the tool, and their diameter upon the thick- 
ness of the cutting; the diameter diminishing with the 

reentage of reduction. It is thus that, in turning in the 
Tathe a piece which is very oy eccentric, the result is 
a number of parts of which the diameters are alternately 
greater and less. The demonstration afforded by this single 
specimen is quite complete. 

Without seeking to draw any conclusions from the stu 
of these deformations with respect to the best form of too 
for each of them, it follows clearly from the foregoing dis- 
cussion that the work required for any cutting action what- 
ever is expended in friction and in deformation by com- 
pression. The work of friction should augment with the 
number of cuts, and as the yee | is greater for the 
finer cuts, the molecular work expended should be greater. 
It follows, therefore, that it is most advan’ us to make 
deep cuts, but of course this mode of action demands more 
powerful tools + a ewe pans sar It is in “ direc- 
tion, it appears, that the most recent progress in manu- 
facture of tools has been effected. 

The different modes of cutting, rectilinear or circular, 
are applicable chiefly to flat surfaces and to cylindrical 
surfaces. 

Flat surfaces are cut in the planing machine or in the 
lathe, and under most circumstances the two kinds of cut- 
tings are almost identical in appearance—that of a cylinder 
formed of spirals more or less close, sometimes even in 
juxtaposition; but for this combination, it is necessary 
that the two edges of the cutting should have been equally 
reduced, that is, that they should be of the same thick- 
ness. If it were otherwise, the spirals would me 
conical ; and such of these as appear to be most character- 
gp, Bl Py TE f astraigh 

e cutting obtained in mortising, by means of a s' t 
tool, is nee f ceylindr.cal. 

When the tool cuts ovt, in this manner, a rectangular 
groove, the material ie compressed without any lateral 
deviation. If the cutting is of great thickness, it is trian- 

, and the smooth surface is formed by the combina- 
tion of the three fuces at which the separation place, 
the direction in which crumpling takes place being the same 
asin all ordinary cuttings. The triangular form is the 
result of the compression being greater towards the middle 


e. 
To aid in forming an opinion on this point, two blocks 
were placed side by side, which were planed at the same 
time, in the line of junction of the pieces. Two distinct 
horns were formed, which symmetrically from one 
another ; each half-cutting following the law of shortening 
by which it was bound to assume a form concave towards 
the side which was held by its attachment to the block. 

Having made a similar experiment in lead, Seo peraiiel 
and equidistant lines that were drawn upon the b before 
ape cut _— be traced on ay cutting. and they fe eg 

means of measuring exactly the average percen ° 
reduction, and the mode of contortion of these transverse 
lines, which assumed successively the same inclinations as 
they lay one upon another at intervals, of which the per- 
centage of reduction varied from 0.10 to 0.30. 

The cattings from a lathe, whan they were produced 
from an annular groove, by means of a straight tool, as- 
sumed exactly the same forms, For example, a cutting 
from a groove in what is called the Swedish piston is a 
continuous ribbon rolled up as on a bobbin, with the 
greatest regularity, and of great length, withont a rent. 
ae bert so pow —_ Ne helix, ny oe oo 

is ment of the piece is no e enoug’ ve to 

ribbon a different character to that from a plani ine, 
when, for instance, it is required to turn a to a 
uniform diameter, and it is then , With good metal, to 
produce cuttings of great length. , when it is required 
to turn the of the shaft or of any cylinder whatever, 
the cutting follows a special course. If the tool be } 
Pp ion to the diameter of the rings or 
on which it is acting, the difference of diameter between 
the two of the cutting makes itself felt in the 
cutting, which assumes the form of a helicoidal surface, 
with inclined ing lines, of which the directrices are 
two helices of the same pitch but of di 


. In this w 
See mutha aaah: emanate ara ee 





cutting edge of the tool be radial. Sticcessive spirals foul 
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each other when the direction of the cutting edge is a little 
inclined. The inner helix is replaced by a straight edge 
when the tool cuts right to the centre of the face. 
Notwithstanding these differences of detail, the same 
rules prevail: a greater or less reduction or shortening, 
scoordll to the thickness of the cutting; a less reduc- 
tion of h at the thicker edge of the cutting; a 
smooth surface of separation, which always forms a‘ de- 
velopable surface ; a rugged reverse face ridged as if waves 
of metal had been successively a there ; in fact, all 
the circumstances of a transverse flow of material—setting 
apart the secondary circumstances, of transformation of 
the prism of metal from wnich the cutting is produced by 
augmentation of thickness and corresponding reduction of 


length. 
“The author endeavoured to represent, by a diagram, the 
tri cutting which would be formed by planing from 
the edge of a block of metal a square prism, by means of a 
tool having two cutting edges, and of which the flat front 
is itself placed symmetrically. The effect of the diagram, 
constructed on the assumption of a percentage of 0.30, is 
exactly reproduced by the model in relief. In agreement 
with the foregoing discussion and with the facts, it may be 
observed how the prism which is on the point of being 
separated from the block swells up by compression, com- 
mencing at a certain zone of fluidity, of limited length, in 
advance of the tool ; and how, when this compression has 
arrived geometrically at the maximum which could be 
pore ot wall by the material, the cutting is detached from the 
mass to be subjected to the action of the face of the tool, 
upon which it slides, and which forces it to assume its 
ultimate form. 

Considerable as these modifications may appear, they are 
absolutely in accordance with the facts. They have been 
produced by the author, on lead as well as on the hard 
metals, under conditions which were exactly proportional 
to those which are represented by the model. 

The finest specimens of this triangular transformation 
of cuttings that have come under the author’s observation, 
are produced by a mortising tool. They are not less than 
in. thick, and the rolling up of the metal could only be 
effected with the accompaniment of deep fissures in the 
lateraledges. The upper edge, on the contrary, is much 
more minutely Bred. go one of the lateral faces is plaited 
for its whole length, evidence of the compression of the 
material ; whilst the other face, with its oblique fissures, 
shows still better the sliding by means of which the com- 
pression takes effect. 

There is a still smaller cutting which presents exactly the 
same characteristics. 

It is the author’s opinion, that for the construction of the 
best machine tools, with the most suitable thickness of cuts, 
the minute examination of the cuttings is of the greatest 
importance ; and that by the same means, the surest evi- 
dence may be derived with respect to the qualities and 
homogeneity of the metal. 

Time does not permit of more than a passing reference 
to certain deformations which recall to mind, with a sur- 
prising degree of ctness, the titution of certain 
rocks with their dislocations. A few experiments of this 
kind were made by the author in conjunction with M. 
Daubrée, from which the latter gentleman quite recently 
derived an explanation of a number of geological phe- 
nomena. The results of these inquiries would no doubt 

some interest for the members, but the author was 
} saree chiefly to lay before them such results of his in- 
vestigations as followed in natural sequence upon the sub- 
stance of the communication already made in 1867. 

The idea of the flow of solids is, of all the modes of re- 
garding their deformation, perhaps the one which most 








truly interprets all the ph of lar mechanics, 
and of the internal constitution of bodies, which underlie 
the various industrial operations. 





ON LIGHTING BY MEANS OF 
ELECTRICITY.* 
By M. Hrppouyts Fontarnz, of Paris. 

Tux light obtained by means of an electric current, of 
which the practical application, not long since, was con- 
fined to lighthouses, bas definitely taken its place for in- 
dustrial pu s, since the invention of the Gramme 
machine with continuous currents. This light is now 
regularly employed in mechanical workshops, cloth 
factories, spinning mills, dye works, sugar works, railway 
stations, The number of industrial applications, 
which was four in 1874, and 12 in 1875, was raised to 85 
in 1876, and to 350 in 1877, whilst at present there are 
upwards of 500 applications of the light, amounting in 
intensity to more t a million and « half of candles. — 

This is not much, compared with the total of illumina- 
tion, public and private ; but it is a great deal when it is 
considered how recently the new light made its first ap- 
pearance, and how many difficulties there are to be over- 
come in the introduction of new inventions. 

The electric light does not interfere with gas-light, nor 
with oil-light, nor with candle-light. It will not revolu- 
tionise, as has often been averreo, the question of lighting, 
destroying what is now in use, and monopolising every 
industrial application, domestic end public. The electric 
light has its place marked out for it under many circum- 
stances ; but, far oo diminishi ve Rage ee mee ¢ ~ 
other lig hts, it wi to their fu r development, 


ofa iy totecior and -: 
complete illumination. uently inferior in point 
prem anf ange ere ee, it" special qualities 
of its own, by which it is adapted, as a space-penetrating 
tight, for Ae gation, of eratens henguetens, unsolved. 
i j » it ac aires a 
ith the a projector : juires a rn 


digious power of reaching into space, and 


® Paper read before the Institution of Mechanical En- 
giueers : Paris meeting. 








objects several miles distant. By the naked light, unaided, 
spacious halls or extensive yards may be lighted up, so 
that by night, as by day, the movements of merchandise, 
or ny a pa - a —_ or work in 
open air, may ‘ollowed up. Again, by the interposition 
of ground glass a softened and uniform light is produced 
which is very edvantageous for many manufactures. The 
field of operation is extensive, and will remain open for a 
long time before it is fully occupied ; but it certainly does 
not represent a hundredth part of the whole system of 
lighting ; and it may safely be predicted that the employ- 
ment of artificial lighting will very soon be doubled in 
extent. 

As the greater ion of the practice of electric lighting 
is ete «om wlth the Gramme machine with continuous 
currents, this machine will form the subject of the follow- 
ing calculations and observations, together with the ma- 
chine with alternative currents, with which a great degree 
of success has been attained during the last few months. 

There are four points for consideration in lighting by 
electricity ; the machine which produces the current, the 
carbons between which the light is generated, the lamp by 
which the length of the voltaic circuit is regulated, and the 
conductors by which the electricity is led from the machine 
to the lamp. Several forms of machine are in use: Mr. 
Siemens’ machine, which occupies but little space; M. 
Lontin’s machine, Sy which a great number of regulators 
are supplied ; that of the Société l’Alliance, which has 
scarcely any other inconvenience besides its at bulk 
and high price ; and the Gramme machine, which is almost 
everywhere well known. 

The Gramme machine is simple, powerful, and very 
compact. It does not contain any delicate organs liable to 
alteration ; it can be erected in the course of a few hours, 
without foundations ; and it can be worked for months 
without interruption and without the slightest incon- 
venience. 

The dimensions of this machine vary, of course, with the 
nature of the work and the power required. In the form 
of machine most usually employed for military purposes, 
flat electro-magnets are used ; for ships there are four hori- 
zontal columns ; for signals the machine is very small, and 
may be worked by manual labour, &c. For industrial 
purposes there is but one type of machine, of the following 
dimensions : 


Total length ... oes r “ 21.6 in. 

» Width ... one ove oh 14.75 in. 

» height ... we _ << 21.6 in. 
Volume... ~~ or <0 “- 4 cub. ft. 
Diameter of the bobbin ae. eve 7 in. 
Number of revolutions per minute... 850 turns 
Weight of the copper inaction... 70 lb. 
‘Total weight ... re: ~ 397 lb. 
Power necessary for driving the 

machine ee eee Me: ps 2} HP. 


With regard to the estimation of the illuminating power, 
it is to be remarked that if the regulator and the photo- 
meter be placed in the same horizontal line, and the axes of 
the two carbons in the same vertical line, a light equal to 
2400 candles is produced. If the ——— be suspended ata 
height of 16.4 ft., and the measure be taken below at 16.4 ft. 
from the foot of the regulator, the upper carbon acts as a 
reflector, and 8400 candles are indicated by the photometer. 
Again, if the measure be taken as in the it case—the 

hotometer and the lator at the same level—whilst the 
ower carbon is fixed a little in advance of the upper carbon, 
so as to create a dazzling screen behind it, then 6400 candles 
are obtained. The power, 24 horse power, is constant in 
the three cases. 

It has ti been objected that the Gramme machine 
rans faster than the Alliance machine, and is bulkier and 
consumes more driving power than the Siemens machine. As 
to the first objection, it may be remarked that the number 
of revolutions has been confounded with the velocity ; 
that the bobbins of the Alliance machine which are 
farthest from the axis of rotation revolve at least as 
rapidly as those of the Gramme machine ; that as to the 
length of the axles the same holds good, and that conse- 
quently there is no foundation for the criticism. On the 
second point, it is to be remarked that the best magneto- 
electric machine is not that which occupies the least space, 
nor that which requires the smallest quantity of driving 
power. The choice properly falls upon a machine which, 
occupying but little space and requiring bat a moderate 
degree of driving power, is moderate in cost, and 
offers at the same time every possible guarantee for 
durability and steadiness of action. To rest the choice 
solely upon the bulk and the driving power would be to 
commit a great error, for in many cases the power costs 
nothing, and the smallness of volume is of little moment. 
The cost of the machine with its appurtenances is a much 
more important consideration, as well as the constancy of 
action. The absence of sparks, and the possibility of 
working without interruption for whole months together, 
are eupiiites of the first importance, very much more so 
than the conditions of volume and driving power. 

Let it be understood that the author is not now defend- 
ing the new Gramme machine, which is very small, and 
requires but little power to drive it. It is a special point 
which he is desirous to clear up for the benefit of the 
engineer, to guide him in the choice of an instrument. It 
is evident, of course, that in designing generators of 
electricity, the question of moving power is not to be 
mre ver | and must on the contrary be well considered ; 
but it is not of such importance that the other conditions 
are to be slightly treated. To illustrate by a practical 
example the secondary position of the moving power as an 
element of the total cost, MM. Heilmann, commun, 
well-known manufacturers of machine 





means of four Gramme machines during the 
b Se ee ne 
as ws: 


Fs 








d. 
Carbon from gas retorts Pa 8.36 
Steam consumed ... ag Seas eee 3.42 
Superintendence.... rr pon one 2.85 
Interest and depreciation ... 48.45 
63.08 


The moving power in this instance, then, only amounts 
to about a twentieth of the total expense, whilst the 
charge for interest and depreciation, which is so much 
the less as the machines are the less costly, and last the 
longer, amounts to three-fourths of the total expense. 

To those who regard the magneto-electric machine from 
a purely scientific point of view, it may appear that the 
small amount of driving power required is a proof of the 
perfection of the system, since it only, to them, signifies a 
conversion of work into electricity. But then they operate 
upon apparatus which is specially arranged for this object, 
and not upon apparatus designed with a view to the three- 
fold object of cheapness, durability, and economy in work- 
ing expected. 

_A machine can be seen at work at the Exposition, which 
yields three times more light for equal quantities of matter 
in action and power used, than any of those which have yet 
been tried in England, France, or anywhere else. ‘This 
machine weighs 441 lb, costs 601., and yields a light equal 
to 30,000 candles. Notwithstanding the low price and the 
excellence of the performance, this machine cannot be re- 
commended for use, as the elements requisite for durability 
are wanting. But of the Gramme machine—the normal 
type of the workshops—it can be affirmed that several hun- 

reds of these machines have been at work during the whole 
winter, some of them without interruption for underground 
operations, without costing a farthing for repair or main- 
tenance, except for lubrication. It may also be affirmed 
that, in the workshop of MM. Sautter and Lemonnier, on 
the canal from the Marne to the Rhine at Sermaize, and 
in the foundry of M. Ducommnn, these machines have 
actually been at work for four years, without giving the 
slightest trouble. The reasoning of those who, before decid- 
ing to employ the electric light, regard solely the question 
of cost, may well be questioned—failing as it does to take 
into account the considerably greater quantity of light 
which is placed at their disposal, the facility of superin- 
tendence, the possibility of moving amongst machinery to 
which access is often gerous, the lessened risk of fire, 
&c. But for brevity’s sake it is preferable to supply some 
precise information on machines actually in operation. 

It is calculated by MM. Heilmann, Ducommun, and 
Steinlen, of whose machine some particulars of cost have 
been given above, that the cost for lighting by gas equal to 
the light supplied by the electric machine in their estab- 
lishment, would amount to more than double the given cost 
per hour, including all charges. 

M. Ernest Manchon, proprietor of a cloth factory at 
Rouen, has lighted by electricity one of his sheds, for- 
merly lighted by gas. The means are thus afforded for 
making a complete comparison of the two systems. The 
shed in question is rectangular ; it is 16} ft. high, 79} ft. 
wide, and 138 ft. long, covering an area of 10,971 square 
feet. It contains 16U looms, which had been very imper- 
fectly lighted by 16v large gas burners, by each of which 
54 cubic feet of gas was consumed per hour. These 160 
burners have been replaced by six Gramme machines and 
six regulators, from which the light is pores on the 
roof, yielding a uniform light all over the shed, which is 
a satisfactory. Before the introduction of the new 
light the joists stood out from the ceiling; but M. Manchon 
without hesitation incurred the expense of a new ceiling, 
on which he may now congratulate himself. After five 
months working with the new method of lighting, the follow- 
ing are the results of M. Manchon’s calculations, showing 
the pecuniary benefit which he has derived from it :— 


Exxctric Liext. 


First Cost. &. s. d. 
1. Roof carpentry... ats - 15610 0 
2. ,, painting hen ‘ual ~ 4919 2) 
3. ,, making carpenters’ benches 5 00 
4. ,, wood ... tie ono ie 260 
5. Cost of five stoves ... ane ove 512 0 
6. Cloth for the same ... os eve 18 0 
7. Inclosure be the machines, car- 
try and glazin = ose 8 9 
8. Inclosure for the aT zine % 
covering for the floor ... ve 012 7 
9. Six-gramme machines, six regu- 
lators, and conductor ... a, 228 
10. Shafting an ae “a 5717 0 
11. Driving belts; for transmitting 
the power, 699 ft.; for the ma- 
chines, 2303 ft. ... ee “an 29 9 9 
12. Framing for the shafting ... px 842 
13. Carriage and sundry expenses... 400 
£912 8 4 
Working Cost of the Electric Light. 
er Year, Per 


660 Hours. Hour. 

Interest 6 per cent., depreciation £ s. d. 3s. d. 
6 per cent., together 12 per 

cent. on 9121. 8s. 4d. ... oe 10 9 9 38 3b 

Driving power, hire ce . 8000 £0103 
Carbons, 27 in. per hour, at 6.53d. 

i .. 4014 8 1 2 


per feet (waste included) 
Superintendence nd mainte- 
nance of the machines a 8.8 0 42 
Lubricating oil, 66.15 Ib. " 113 7% O OF 
Total ... _... 195 2 14 5 10¢_ 
* The amount for interest and deprec ation is based on 
the rate of 15 cent. of the value of the four 
machines and their motor. 
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Gas LigHTING. The regulators, or electric lamps, are apparatus desi cently on the Brazil and the Plata line, was lost September 
First Cost. to maintain the carbons ata canien Gakape og a he near ia, on the coastof Brazil. The Yang-Tse 
s. d. each other. Some regulators have their rods , | the new steamer brought into service last year, is <a of 
160 burners at 11. 11s. 8d. 253 6 8 and are moved by the action of a solenoide, and a counter- | 600 horse power nominal, and 5440 tons of displacement ; 


Working Cost for Gas Li hting. 


er Year Per 
Hours. Hour. 
Interest and depreciation, 12 per £ 5s. d. 3s. d. 
cent. on 253s. 6s. 8d. ... Mi 14 5 011 
Consumption of gas at 7s. 2}d. per 
1000 cubic feet ... bi » 20910 8) 6 34 
Repairs and maintenance of the 
fittings ... ose ie bie 800 0 2% 
Glass ne oe 400 0k 





Total... 252 5 14 7 6% 
From these comparative statements it appears that the 
economy realised by electricity upon the cost for gas is as 
follows : 


£ad 

Annual saving... 57 3 0 
Saving per hour ; 0 1 8 
i cent. i Be 22.6 


M. Manchon’s figures are given just as he gave them; 
but it may be remarked that 15 horse power scarcely con- 
sumes more than 55 lb. of coal, costing about 43d. It was, 
however, a matter of great interest to learn the cost of 
electric lighting with driving power let out. 

M. Delahaye, in a report to the Industrial Society of 
Rouen, referring to lighting by electricity in the works of 
M. Manchon, says : 

**On entering M. Manchon’s factory one is favourably 
impressed by a striking sense of intense brightness, excited 
more by the nearly entire suppression of shadows than by the 
brightness even of the light which pervades the shed. The 
workmen are very well pleased with the light obtained. 
The foremen, who are no doubt best able to form a com- 

rison between the two lights, since they never quit the 

uilding, do not hesitate to declare that the electric light 
is much superior to the gas-light, and that the women, 
like themselves, are much less fatigued after the long 
hours, by reason of the absence of the heat radiated from 
the gas reflectors which were immediately over their heads.”’ 

**M. Manchon has also pointed out to me a considerable 
advantage in the new light, due to the well-known yx cer 
of the electric light of not altering even the most delicate 
shades of colour ; the errors formerly fallen into by the 
workmen in renewing broken threads, or in refilling the 
shuttles are thus prevented. The quality of the products 
is, in consequence, sensibly improved.” 

Satisfied with the success of the application of the 
electric light, M. Manchon has decided to extend it, in 
the course of next autumn, toa shed 183} ft. by 46 ft., 
containing, like the first-mentioned shed, 160 looms. 

Comparative estimates of the cost for lighting on various 
systems might be given, from which the great advantage of 
the electric light over all other systems of lighting, for 
equal powers, would beshown. But lighting by powerful 
foci and lighting in detail cannot be — in the same 
manner, and the comparison might only lead to useless 
discussion. Experience has proved that the average cost 
of providing a Gramme machine with its appurtenances, 
amounts, in France, to 881. including all charges ; and that 
itis capable of lighting upwards of 2100 square feet of area 
for weaving and spinning, 5250 square feet of toolshops, 
smiths’ shops, &e., and 21,000 square feet of quays, 
labourers’ yards, and so forth. Ina yard for unloading 
goods, or for public works, a single electric focus would 
admit of work being carried on within a radius of 328 ft., 
corresponding to an area of about 33,000 square yards. — 

The author has purposely refrained from communicating 
any particulars of the erections of the electric light in 
various large engine works in Paris, as he prefers that the 
manufacturers whose premises may be visited by the mem- 
bers should have the pleasure of communicating the infor- 
mation directly. 1 ie 

It is, besides, useless to multiply examples, and it is hoped 
that by the foregoing account members will be convinced 
that the Gramme machine is essentially a practical instru- 
ment, capable of rendering great service in iron works and 
other manufactories. As already stated, the applications 
of this machine may be counted by hundreds in the follow- 
ing establishments : s 

1. Engineering workshops, ¢.g., those of MM. Cail, 
Claparéde, Farcot, Powell, Sautter Lemonnier et Cie., 
Baudet, &. 2. Spinning and weaving mills, and dye 
works, ¢.g., those of MM. Grégoire, Dieu-Obry, &ec. 3. 
Forges, e.g., at Bességes, Fumel,; &c. 4. Railways, e.g., 
the Nord Railway at La Chapelle, where the saving has 
been large. 5. Sundry localities, as at the large chocolate 
factory of M. Menier, at Noisiel, the works of the outer 
port of Havre, the dockyards of France, Russia, Austria, 
Spain, and Brazil, the war departments of France, Russia, 
Austria, Denmark, Norway, Turkey, &c. 

A few words with regard to the carbons, the regulators, 
and the wires by which the machines are connected to the 
regulators. 

The fixity of the electric light depends very much upon 
the carbon rods between which the light is produced. These 
rods were, at the commencement of the public trials with 
the voltaic circuit, obtained by cutting and shaping the 
deposits of graphite in gas retorts. They wore down slowly, 
but they gave an irregular light in consequence of the 
presence of foreign matter—particularly salts of iron and 
silica—in the deposits. The manufacture of artificial car- 
bons, exempt from impurities, constituted a real step in 
advance, and although the manufacture, which presents 
great difficulties in practice, has not yet arrived at per- 
fection, it has already been productive of excellent results. 
The manufactured productions of MM. Carrée, Sautter, 
and Lemonnier, and especially those of M. Gauduin, are 
much superior to the carbons cut direct from the graphite 
deposits. They answer satisfactorily for most purposes. 


acting spiral spring. Others are-moved by the upper rod, 
cules like the others under the control of a solenoide, 
and others again are moved by the upper rod, and act on a 
piece of clockwork, which is in gear with a palette 

in one direction by an electro-magnet, and in the ot 
direction by a spring. In laboratories M. Gaiffe’s regulator, 
which is one of the first kind, is frequently employed. In 


Belgium M. Jaspar’s case which is one of the second 
kind, is sometimes . Nearly everywhere in oo 
M. Serrin’s regulator, which is one of the third kind, is 


employed. These a work well, but they are 
rather delicate, and they do not divide the light, that is to 
say, only one regulator can be placed on the same con- 
tinuous current. The author has devised two kinds of 
regulating apparatus, one of which is rough and cheap for 
a single light; the other is more complex, and admits of 
several lights being placed on one electric circuit. These 
apparatus have not Pow been tried, but so soon as they are 
tried the author will be happy to communicate the results. 

The conducting wires should be made of, red copper of 
the utmost possible purity. The diameter increases with 
the length. They, as early as possible, should be covered 
with an isolating material before being laid. 

It only remains for the author to mention the system of 
lighting which the members may have seen installed in 
several public places and in some large establishments in 
Paris—namely, lighting by the Jablochkoff candles. M. 


versed in the study of electricity, has discovered a means 
of dispensing with the regulators, by placing two carbons 
side by side, and isolating them by means of a small plate 
of a refractory substance. 

Last year M. Jablochkoff made carbons 5in. in length. He 
isolated them by a plate of kaolin, and put them in operation 
with an Alliance machine. This machine costs about 2801., 
and it worked threecarbons. This year M. Jablochkoff has 
made carbons 10 in. in length, which cost no more now 
than the 5in. carbons cost last year. He isolates 
them with a plate of plaster, and by that simple improve- 
ment he doubles the light from each of them without any 
increase of cost. He put them in action by means of a new 
machine invented by M. Gramme, which costs 4001., and 
works 16 carbons. 

By these simple data it may be seen how great has been 
the progress made by M. Jablochkoff in less than a year, 
and what a bright future there is for his invention. 

The light of the candles is free from oscillation, or rather 
from the scintillations which may ordinarily be observed in 
electric light by regulators. The cost, for equal power, is 
greater than that of the older system ; but it will answer 
admirably for public places, stations, large cafés, ware- 
houses, and all establisaments where a luxurious light is in 
demand. 

The principal applications of the light are on the Place 
de l’Opéra, in the shops of the Louvre, and the Belle 
Jardiniére, and in the Chatelet Thédtre, and the Hippo- 
drome. This light is now being Pa for illuminating 
the Avenue de l’Opéra, the Place du Théatre Frangais, the 
fagade of the Madelaine, and the fagade of the Corps 
Legislatif, the Arc de Triomphe de |’ Etoile, &c 

It is scarcely six months since this new Gramme machine 
was invented, and already it has been applied to 1000 
candles. This is a great success, due to the union of two 
powerful minds. 


FOREIGN AND COLONIAL NOTES. 
Mining Machinery for Peru.—Some gentlemen from 
Peru representing the Oroya silver mines, recently arrived 
in New York in search of improved mining jeeergee: 
They gave an order a few days since for an 80 stamp mill, 
the first of a number intended for the Cerro de Pasco 
mines, with which the name of the late Mr. Henry Moiggs 
luded a 
perta- 





was so long associated. Mr. Meiggs’ projéct inc 
railway from the seaboard to the mines, for the trans; 

tion of the ore. A railway from Lima to Oroya, 30 miles 
in length, is nearly finished. Sixty miles more from Oroya 
to Cerro de Pasco must be built, and a great tunnel now 
in progress on this part of the route must be carried for- 
ward to completion. 


into Sweden and placed on the Malmo Ystad for 
a test, and it has passed through an arctic winter witheut 
accident. A report expressive of satisfaction with its 
working has been drawn up by Count Fredrik Arvidsson 
Posse, who is en in the construction of a coast line, 
ranning from Engelhaven to Goteborg, a distance of about 
143 English miles ; and it is more than probable that the 
Wharton switch will be used on this new line. 


Rolling Stock on the Northern of France.—In the course 
of last year, the Northern of France Railway Company 
expended 187,2951. for additional rolling stock. The 
effective stock of plant was increased during the year by 
17 locomotives and 17 tenders; 19 tank engines, 43 pas- 
senger carriages of various classes, and 435 trucks. 

The Messageries Maritimes.—This + French steam- 
shipping company appears to have rather unfor- 
tunate last year. Three of the steamers comprised in its 
fleet disappeared in the course of the year from its list of 
ships, while only one new vessel, the oe oy was brought 
into use during the twelve months. three steamers 


Parana, and the Mersey. The Mersey was sold to 

broken up, but the Mei-Kong was lost on her homeward 
voyage from Shanghai to Marseilles on the night of June 17. 
The scene of this disaster was on Guardaf ui, and the 
vessel was endeavouring to make at the time the entrance to 





the Gulf of Aden. The , which had been put quite re- 


The Wharton Switch.—This switch has been introduced lon 
Railroad 


removed from the fleet in 1877, were the Mei-Kong, ~ the 





she has been put on the Marseilles and China line, an 
left Marseilles on her first voyage August 12, 1877. By the 
terms of the postal contracts into which the company has 
entered with the French Government, the has to 
laaguan, :via., 144 “ag crab Moditers 
ieagues, viz., marine es in the 
ranean, 99,552 marine in the Atlantic, and 221,077 
marine leagues in the Indian, Chinese, and Japanese seas. 
The aggregate distance actually run last year was 582,546 
marine . The M ies Maritimes suffered, 
to some extent, in 1877, from the stagnation of the 
times from a commercial point of view. ‘The past 
twelve months constituted, however, a Fe coal year 
in the history of the undertaking. he coal con- 
sumed was obtained upon mash come, Aan, and a 
notable saving was also secured through the persevering 
efforts made by the company’s captains and engineers to 
reduce the consumption of coal. The expenditure in- 
curred in 1877 for boiler and other repairs was also less 
than in 1876. Altogether, the working expenses of 1877 
were 8} per cent. less than those of 1876. 
Austro-Hungarian Railways.—The average length of 
line worked on the railways of Austria and Hungary in the 
first four months of this year was 11,120 miles, as com- 
with 10,790 miles in the corresponding period of 1877. 
he traffic receipts to April 30 this year were 5,768,874l., 
as compared wit 5,635,0831. in the corresponding period of 


Jablochkoff, a young officer in the Russian army, well | 1977 


American Railroad Accidents.—In the twelve months 
ending February, 1878, inclusive, there were 830 accident 
upon American railroads. These accidents were attended 
with the loss of 239 lives, while 966 persons were wounded. 

Steel Rails on the Phi hia, Wilmington, and 
Baltimore.—There are now only 14} miles of iron track on 
the Philadelphia, Wilmington, and Baltimore Railroad, 
including the southern division, and this will be mostly 
relaid in steel in 1878-79. The whole cost of renewing the 
iron rails with steel rails has been charged to revenue. 


The Suex Canal.—The transit revenue of the Suez Canal 
Com is still somewhat affected by the reduction made 
in the tolls in April, 1877. The aggregate amount of the 
transit revenue to May 31 this year was 572,3301., as com- 
pared with 601,6491. in the corresponding iod of 1877, 
and 549,315l. in the corresponding period of 1876. 


Rivoli Bay Jetty and Lighthowse-—The Rivoli Bay 
(South Australia) jetty was commenced about the middle 
of December, 1877, and good progress has since been made 
with the work. At present about 550 ft. of it are com- 
pleted. At low water, the jetty stands about 10 ft. above 
the surface of the sea. Its length, when completed, will be 
4000 ft., or three-quarters of a mile. It is said that this 
length is somewhat unnecessary, as the depth of water at 
2000 ft.—some three or four fathoms—continues the same 
for the remainder of the length, the sea bottom ranning 
to lie alongside safely 


level. Fender piles to enable. shi 

will be erected for the last 1000 ft., but it is ly pro- 
bable that they will be able to do so, excepting when the 
sea iis smooth. The timber is obtai m Jarrahdale, 


Western Australia, and Tasmania, and it is fae ready 
a ere lengths. Rails will be laid along the 
jetty, and thus goods trains will be enabled to run to 
the end and disc close to theshipping. One half of the 
jetty, which is 10 ft. wide, will be reserved for . 
t is expected that the contract will be completed in about 
a year from the present time. The lighthouse is fast 
approaching completion, and the South Australian Govern- 
ment promises that a pew ger revolving light of the third 
order shall be fixed on and after A t1.. The column is 
being erected with blocks of chalky limestone carted from 
about the nineteenth mile-post on the Mount Gambier and 
Millicent road. 


. South Australian Railways.—The works of the Mount 
bier and Rivoli Bay Railway are being proceeded with 

in a satisfactory manner, the navvies being now within four 
miles of the Mount. The earthworks for 45 miles are 
i i about five miles more to be com- 
pleted. difficulties have not been great, if 
we except a portion of the line where five bridges and some 
vy embankments had to be made. In the neighbour- 
hood of Millicent piles of sleepers are placed at convenient 
distances along the line ly for laying when the rails 
arrive. sleepers, which are of red gum, are obtained 
from Mount McIntyre, about twelve miles from Millicent, 
and 25 teams are engaged in carrying them. ‘The con- 
tractors for the Barunga line, of course, have not been able 
to proceed with their contract as rapidly as they would have 
liked, in consequence of there no water until recently 
within an easier distance than Kadina, Every preparation 
is now being made by the contractors at the Gap to preserve 


water by the construction of a large dam on the farm of Mr. 
Michael, the sinking of Mr. Michael’s well is also to 
be at once proceeded wi The well is down 120 ft., and is 


being sunk through what is supposed to have been the 
surface of the ground, as the stone raised closely resembles 
that now fi on the surface. At the present time the 


are carting their water from a lagoon. 


second section of the permanent on the Port Wake- 
field and Kadina Railway are Messrs. Baker. 
South Australian Copper.—During the half year ending’ 


March 20, 1878, the quantity of copper ore raised at the 
Moonta mines was 10,272 tons, averaging 19 per cent. of 
pure copper. 
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